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Humboldt Bay Municipal Water District 
Blue Lake/ Fieldbrook Glendale Community Services District Trestle 

Pipeline Retrofit Project 
Benefit Cost Analysis Support 

Introduction 
This document presents a discussion of the modeling approach and supporting data used to evaluate the 
benefits of the retrofitting the Humboldt Bay Municipal Water District’s (HBMWD) supply pipeline that 
crosses a 1930’s era railroad trestle bridge, which provides water for the City of Blue Lake and the 
Fieldbrook/ Glendale Community Services District (FGCSD). Each benefit modeled is discussed as well 
as a summary of the final benefit-cost ratio. 

BENEFIT ESTIMATION AND MODELING 
To perform the BCA, and obtain a benefit cost ratio (BCR), the Benefit Cost Analysis software, version 
4.5.5.0, was utilized.  Within the BCA software, the HBMWD Blue Lake/ FBCSD Trestle Pipeline Retrofit 
project was created. Within this project several, “structures” were created. Because the mitigation project 
has benefits beyond the project area, the benefits were separated from the project cost. The structure 
“PipelineCrossing_ProposedRetrofitProject” contains the project cost while the remaining structures were 
used to determine the project benefits. The result is a BCR for the project as a whole.  
 
Earthquake Event Analysis Data is used as the basis of the model, and was developed for the project area 
based on data derived from the Humboldt County Operational Area Hazard Mitigation Plan; Volume 1, 
Planning Area-Wide Elements, Chapter 13 Earthquakes (Included as Attachment 1) and the 2002 USGS 
Earthquake Probability Mapping for an exposure time of 50 years for the latitude longitude of the project 
site.   
 
Five different return events: the 38 year event, the 64 year event, the 431 year event, the 476 year enevt 
and the 532 year event are included in the model. The corresponding approximate peak ground 
acceleration, annual probability, recurrence interval, Modified Mercalli Intensity, and earthquake 
magnitude are listed in Table 1.  Each event is given a number for correlation to other tables. 
 
Economic benefits of this project were modeled for three different scenarios. (1) Avoided costs associated 
with repairing the pipeline after the five different earthquake events. (2) Potable Water Service Loss for 
the City of Blue Lake and the FGCSD. (3) Fire Damage for the City of Blue Lake and the FGCSD Caused 
After Earthquake Event When Loss of Water Service Occurs Concurrently. In all the model scenarios, 
accepted FEMA values were used unless otherwise noted. The next section presents information on how 
after mitigation repair costs were developed for use in the benefit modeling. 
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Table 1: Earthquake Event Analysis 

Earthquake Event  1 2 3 4 5 

PGA (%g)1 0.05 - 0.34 0.1 - 0.65 0.32 - .55 0.55 - 1.24 >0.90 
Annual Probability2 0.9 0.6 0.11 0.1 0.09 

Recurrence interval3 38 64 431 476 532 
Approx Modified Mercalli 

Intensity Scale1 VI-VII VIII IX-X XI-XII XII 

Approx Magnitude1 >5.0 >6.0 >7.0 >8.0 >9.0 

1) Data taken from Humboldt County Operational Area Hazard Mitigation Plan; Volume 1, Planning 
Area-Wide Elements, Chapter 13 Earthquakes pages 13-3 and 13-4. 
2) 2002 USGS Earthquake Probability Map for a exposure time of 50 years for the latitude longitude of 
the project site. 
3) Per USGS Guidance on calculating earthquake recurrence intervals. 

 
 
Repair Cost Information 
The section presents information developed to determine the existing and after mitigation costs due to 
different earthquake events. The damage and associated repair options were evaluated for the five 
earthquake events modeled. Under the smallest earthquake event, the pipe supports along the trestle 
would fail, resulting in one pipe beam break and loss of a section of pipe. As the magnitude of the 
earthquake events increases, additional supports would break, increasing the number of breaks, with some 
whole sections lost, until the eventually the entire trestle bridge fails. Table 2 presents a description of the 
repair options, and summary of loss of function and costs. Detailed repair costs are presented in 
Attachment 2.   
 
Loss of Function 
The loss of function time values were determined from discussions with experienced civil engineers and 
the HBMWD staff. The mitigation project has a high level of effectiveness and is anticipated to reduce 
loss of function time to zero for all but the 476 and 532 year events. This is because the mitigation project 
proposes to use new 14” flanged ductile iron pipe in conjunction with modern seismic couplers, such as 
the Force Balanced FLEX-TEND, for which product information is included in Attachment 3. The 
proposed aerial design will be able to allow movement of the pipe during an earthquake event. The 
population justification is attached separately.  
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Table 2: Summary of Repair Options 
Earth-
quake 
Event  

Description Loss of 
Service 

Repair Cost1

1 Under a 5.0 to 6.0 Magnitude Earthquake with the characteristics 
listed from Table 1, it can be expected that one beam break in the 
14” ductile iron pipe, would occur with loss of several of the 
wooden support structures. The repair would consist of requiring 
replacement of approximately 10 linear feet of pipe with a new pipe 
section and two clamps. In addition, the concrete footings 
supporting the pipeline at either end of the bridge would need to be 
replaced as evidenced by the need for similar repair projects in the 
past. This is tricky work over the Mad River on an already unstable 
Bridge, and would thus need extra safety precautions, hence the 
estimated 2 days of loss of service time. 

2 days $46,500 

2 Under a 6.0 to 7.0 Magnitude Earthquake with the characteristics 
listed from Table 1, more significant damage to the wooden support 
structures on the Trestle would be experienced, resulting in two 
beam breaks and the need for replacement of 20 feet of 14”ductile 
iron pipe. In addition, the concrete footings supporting the pipeline 
at either end of the bridge would need to be replaced as evidenced 
by the need for similar repair projects in the past. This is tricky work 
over the Mad River on an already unstable Bridge with more repairs 
than for event 1, and would again need extra safety precautions, 
hence the estimated 4 days of loss of service time. 

4 days $75,500 

3 Under a 7.0 to 8.0 Magnitude Earthquake with the characteristics 
listed from Table 1, extensive damage is expected. All the trestle 
supports fails as well as all the pipe supports, and the only thing 
remaining is the steel bridge structure. Due to the extensive nature 
of the repairs needed for the bridge and to re-attach the pipeline to 
the bridge, the pipeline is not expected to be in service again for at 
least 14 days.  

14 days $458,000 

4  Under a 8.0 to 9.0 Magnitude Earthquake with the characteristics 
listed from Table 1, the pipeline is not repairable, and the repair cost 
is simply the project replacement cost. It is anticipated that it would 
take a minimum of two months (60 days) to get the new pipeline 
installed.  

60 days $1,603,580 

5 Under a 9.0 Magnitude Earthquake with the characteristics listed 
from Table 1, the pipeline is not repairable, and the repair cost is 
simply the project replacement cost. With the extensive damage to 
surrounding infrastructure and roads and other major pipe failures in 
the HBMWD water delivery system affected, and it is anticipated 
that it would take a minimum of four months (120 days) to get the 
new pipeline installed.  

120 days $1,603,580 

1) Details on repair costs are included in Attachment 2. 
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The following sections present the three modeled scenarios. (1) Avoided costs associated with repairing 
the pipeline after the five different earthquake events. (2) Potable Water Service Loss for the City of Blue 
Lake and the FGCSD. (3) Fire Damage for the City of Blue Lake and the FGCSD Caused After 
Earthquake Event When Loss of Water Service Occurs Concurrently. In all the model scenarios, accepted 
FEMA values were used unless otherwise noted. 
 
(1) Avoided Costs Associated with Repairing the Pipeline After an Earthquake 
Data from Table 2 was entered into the damage frequency assessment portion of the BCA model to 
calculate the benefit of avoided damages from implementation of the proposed mitigation project. The 
results are summarized in Table 4 at the end of this report. 

(2) Potable Water Service Loss for the City of Blue Lake and FGCSD 
If the existing 14” ductile iron pipe that crosses the Mad River on an old North Coast Railroad Authority 
(NCRA) 1930’s era railroad trestle fails, there will be no potable water supply for either the City of Blue 
Lake or the FGCSD. As seen in Table 2, a 476 recurrence seismic event is anticipated to result in a 
complete loss of the Blue Lake/ FGCSD Pipeline, and therefore, the pipeline would need to be replaced.  
The included replacement cost is the proposed mitigation project cost. Table 2 has additional details for 
lesser seismic events. The Loss of Function Time values were determined from discussions with 
experienced civil engineers and the HBMWD staff. The Loss of Function Time included in the model is 
conservative for a complete replacement, especially when considering the other emergency repair needs 
that may arise from such an event. The results are summarized in Table 4 at the end of this report.   

(3) Fire Damage for Blue Lake/ FGCSD Caused After Earthquake Event When Loss of Water 
Service Occurs Concurrently  
If pipe failure occurs concurrently with a fire event, then loss of property is expected in both Blue Lake 
and FGCSD. To model this scenario, no Loss of Function time was included, only damages. An 
earthquake of the magnitude that is predicted to cause fire-related damages has not occurred close enough 
to the project vicinity, including Blue Lake and FGCSD, within the last 100 years to be able to use 
existing data to estimate fire losses (based on Historic Earthquakes Felt with intensity greater than or 
equal to VII in the North Coast Region as seen in “Historical Seismicity” by Lori Dengler in California 
Geology March-April 1992 issue). Additional research was conducted to see if any documentation of fire 
related damages in the Project vicinity could be located. Humboldt County OES records, County Library 
newspaper microfilm, and historical records at the Clark Memorial Museum were reviewed, and no data 
on fires due to earthquakes in the project area was obtained. This lack of data corresponds to the lack of 
higher magnitude events discussed above. There was a recent earthquake in 1992, centered in Petrolia 
California, which experienced fire-related property loss due to limited water supply that can be used to 
estimate potential property damages due to fire in the project area. 
 
Before damage estimates from the 1992 Petrolia Earthquake were applied to the project area. A 
comparison of site conditions was conducted to determine if a similar event with similar probabilities 
could occur in the project area. Information from the Humboldt County Operational Area Hazard 
Mitigation Plan (HCOAHMP) was used to conduct this comparison. There are four locations of interest to 
this evaluation. The first two, the Towns of Petrolia and Scotia, experienced fire related property loss in 
1992. The second two locations are served by the proposed project: the City of Blue Lake and the 
Fieldbrook Glendale Community Services District. 
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Comparisons of site conditions for peak ground acceleration for a 100-year and 500-year earthquake event 
and the National Earthquake Hazard Reduction Program (NEHRP) Soils information. The Peak ground 
acceleration for the 100-year and 500-year event can be seen in Figures 1 and Figure 2 included within 
Attachment 1. It can be seen that under the same frequency of events, the project area ( as indicated by the 
Blue Lake and Fieldbrook location markers) has the same or higher potential peak ground acceleration 
than either Petrolia or Scotia. In addition, the soils in the project vicinity, as seen in Figure 3 of 
Attachment 1, show similar or less stable soils in the project vicinity compared to Petrolia and Scotia. 
Thus based on this comparison, if an earthquake of similar type and magnitude were to have its epicenter 
closer to the project site similar ground shaking and earthquake intensities would be experienced, and the 
types of damages that were experienced during the 1992 earthquake could occur in the project vicinity. 
 
There are two events that occurred during the 1992 Petrolia Earthquake that were used to predict what 
may happen if an earthquake of similar magnitude were to have its epicenter in the vicinity of the project. 
Data for the 1992 Petrolia Earthquake was obtained from a report by EQE International out of San 
Francisco, CA entitled “The Cape Mendocino Earthquakes of April 25 and 26, 1992”, which was 
produced within several months of the earthquake, and was developed based on site observations by EQE 
engineers, a California Division of Mines and Geology Report (California Division of Mines and 
Geology. April 28, 1992. “Quick Report on CSMIP Strong-Motion Records from the Petrolia, California 
Earthquakes of April 25-26, 1992.” CSMIP Report OSMS 92-04), and a United States Geological Survey 
Report (United States Geological Survey. April 29, 1992. “U. S. Geological Survey Strong-Motion 
Records from the Northern California (Petrolia) Earthquake of April 25, 1992.) 
 
The Petrolia Earthquake began with an initial shock of magnitude 7.1 on April 25, followed by strong 
aftershocks on April 26, 13 and 17 hours respectively after the main shock. The first event occurred near 
Petrolia, where the Post Office and General Store (one building) and gas station burned to the ground in a 
fire initiated by the initial shock. Fire equipment was trapped in a building and was not available for use. 
This would be similar to a situation where no water was available to feed the fire equipment. The peak 
ground acceleration reported at Petrolia was 0.69g, and the modified Mercalli Scale Intensity was VIII, 
which corresponds to a 64 year recurrence earthquake event. 
 
The population of the Town of Petrolia is approximately 100 to 250 people. The commercial district 
consisted of the one building that was destroyed in the earthquake related fire. The town includes 75 
single-family homes. The total value of structures in the Petrolia area was based on HAZUS model data, 
which was the basis for the fire section of the HCOAHMP obtained from the Humboldt County Assessor. 
This structure value is approximately $7,190,353 and corresponds to the year 2006. It is estimated that the 
value of the commercial property lost in Petrolia is approximately $375,000 in 2006 dollars. This is based 
on a square foot construction cost of $75 for a 5,000 square foot building. This is considered a 
conservative estimate as commercial buildings typically cost more. The building code, relative to 
commercial space, requires different materials and features than residential construction. These features 
and materials can include air conditioning systems, commercial grade wall and floor coverings, 
commercial lighting fixtures and many others, all of which add to the cost per square foot. The results of 
the analysis of structure damage in Petrolia show approximately 5.2% of the total structure value in the 
area was lost due to fire. 
 
The second event occurred in the Town of Scotia, where the Central Shopping District burned to the 
ground. The central shopping district consisted of five one and two story wood frame buildings, and 
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included a pharmacy, coffee shop, grocery, and hardware store. The fire was ignited during the first 
aftershock, and the second aftershock four hours later broke the primary water main, and the local fire 
department was not able to save the structure. The peak ground acceleration reported for the Scotia area 
for the first aftershock was 0.55g and the modified Mercalli Scale Intensity was VIII, which also 
corresponds to a 64 year recurrence earthquake event. The population of the Town of Scotia is 
approximately 1,000 people. The commercial district consisted of approximately 20 businesses. In 
addition, the town includes approximately 275 single family homes and a Lumber Mill. The total value of 
structures in the town was estimated using the same methodology as for Petrolia from the HCOAHMP 
with a resulting value of $89,164,000 in 2006 dollars. The value of the shopping center was also 
estimated using the $75 per square foot value for a 30,000 square foot shopping center, resulting in a 
structure value of $2,250,000, or 2.5% of the total structure value in the area was lost due to fire. 
 
The structure density in Petrolia is less than in Blue Lake or Fieldbrook/ Glendale. Thus it is likely the 
2.5% structure damage value in Petrolia is low for the project area, and likely closer to the 5.2% 
calculated in Scotia. To be conservative it was assumed that in the project area during an earthquake event 
similar to the Scotia earthquake the percentage of structure value lost would be equal to 3.9%, which 
represents an average of the two loss estimates. During the earthquake events with a recurrence interval 
greater than 64 years, it was assumed that while additional property would be lost to fire, the value of the 
structures saved as a result of the project would be similar. Thus in Table 3, only the losses and saving 
from the proposed project are included, not the additional losses that would occur. The total structure 
values given in Table 3 are approximate to the year 2006, to be conservative these values were assumed to 
be unchanged for 2010. The results are summarized in Table 4 at the end of this report.  
 

Table 3: Blue Lake/ FGCSD Structural Property Loss Costs from Fire for Existing and Proposed 
Pipelines for Different Earthquake Events

Earthquake 
Event 1 2 3 4 5 

Total Structure 
Value in Blue 

Lake (1) 
$67,814,500 $67,814,500 $67,814,500 $67,814,500 $67,814,500 

Total Structure 
Value in 

FGCSD (1) 
$89,505,500 $89,505,500 $89,505,500 $89,505,500 $89,505,500 

Percent of 
property loss 
due to lack of 

water (For 
Benefits 

Analysis) 
 

0% 3.9% 0% 3.9% 3.9% 

Total 
Preventable 

Structure 
Value lost 
damages 

0 $6,135,480 
 

$ 6,135,480 
 

$ 6,135,480 
 

$ 6,135,480 
 

(1) Estimated from data obtained from the Humboldt County Assessor used in the HAZUS modeling to support 
the development of the Humboldt County Operational Area Hazard Mitigation Plan 
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Loss of Power Production Capabilities at Blue Lake Power Due to Water Service Loss 
Under normal operating conditions, the electricity generated from Blue Lake Power is fed into the grid 
along with many other small plants in the area, and additional electric needs are met at PG&E’s Humboldt 
Bay Power Plant at Spruce Point. 
 
The loss of power production at Blue Lake Power was not modeled because the data was not sufficient to 
determine a BCR. It is included here qualitatively because it does provide services to the potentially 
affected communities and the plant is dependent on the water supply pipeline over the trestle bridge that 
services the City of Blue Lake. 
 
Blue Lake Power is a biomass power plant that has the capacity to produce 11 Megawatts (MW) of 
electricity. Water is used to generate steam to turn turbines to generate electricity. Damage could result at 
the power plant if water service was lost because the biomass in the boiler would continue to burn and the 
there would be no water to cool critical equipment. At a minimum, power production would cease until 
water service was restored.  
 
According to PG&E, all small power plants like Blue Lake Power are critical facilities within the 
distribution grid in Humboldt County. There are many scenarios under which Blue Lake Power is vital to 
maintaining service to residents of Humboldt County, and several incidents of power outages at the 
Humboldt Bay Power Plant at Spruce Point which indicate the critical need for Blue Lake Power to be 
able to keep generating electricity. The examples of historic, earthquake related power outages below are 
provided for context to support the assertion that a strong earthquake could result in Blue Lake Power 
being offline until water service is restored.  
 
The PG&E Humboldt Bay Power Plant at Spruce Point did experience earthquake related outages during 
the 1992 Petrolia Earthquake. According to the EQE International Report entitled “The Cape Mendocino 
Earthquakes of April 25 and 26, 1992”,  
 

“The PG&E Humboldt Bay Power Plant south of Eureka reported that it had tripped off-
line in the initial shock. Subsequent blackout of the PG&E Power Grid also resulted in loss 
of station power to the plant. As a result, it was a number of hours before either of the two 
operating units could be brought back on-line.” 

 
According to an EERI Special Earthquake Report, June 1992 entitled “Cape Mendocino, California, April 
25-26, 1992”, which provided lifeline information based on a report by Le Val Lund and Anshel Schiff, 
prepared for the ASCE TCLEE Earthquake Investigation Committee”, 
 

“Electric Power is supplied by a regional entity which had power outage ranging from 
seconds to several hours. Sources of power are fossil fuel generating station, three 
transmission lines from the outside area, and several co-generation facilities in the area. 
The peaking unit operating at the time of the first event tripped off and could not be 
restarted again due to condenser tube leaks and low water levels in the stream drum. The 
peaking unit was “hot” and took 6 hours to reach operating output. It then tripped during 
the second event.”  
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Quantifying the probability of load limiting events occurring around the same time as an earthquake event 
can be difficult and therefore no BCR was developed for this application. Future analysis is anticipated to 
show that Blue Lake Power does provide a valuable benefit to the community and the community would 
benefit from it staying operational after an earthquake.  

Conclusion 
The Benefit Cost Ratio generated by the modeling effort is presented in Table 4. The resulting project 
BCR is 1.74.  
 
Table 4: Summary of Benefits and Costs 

Description of Possible Loss  

Expected Avoided 
Damages After 

Mitigation (Benefits) 
(1) Avoided Costs Associated with Repairing the Pipeline After an 
Earthquake $91,968 

(1) Potable Water Service Loss for Blue Lake and FGCSD $1,376,280 

(3) Fire Damage in Blue Lake and FGCSD Caused After 
Earthquake Event When Loss of Water Service Occurs 
Concurrently 

$1,323,795 

Total $2,792,043 
 

Total Project Cost $1,603,580 
 

 Benefit to Cost Ratio 1.74 
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ATTACHMENT 1 
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CHAPTER 13. 
EARTHQUAKE 

 

13.1 EARTHQUAKE DEFINED 
The following definition applies in the discussion of earthquake hazards: 

• Earthquake—an earthquake is the shaking of the ground caused by an abrupt shift of rock 
along a fracture in the earth such as a fault or a contact zone between tectonic plates. 
Earthquakes are typically measured in both magnitude and intensity. 

13.2 GENERAL BACKGROUND 
California is seismically active because it sits on the boundary between three of the earth’s tectonic plates. 
Most of the state - everything east of the San Andreas Fault - is on the North American Plate. Monterey, 
Santa Barbara, Los Angeles, and San Diego are on the Pacific Plate, which trends offshore at Cape 
Mendocino. North of Cape Mendocino, the offshore subducting Gorda Plate strongly influences 
seismicity of Humboldt and Del Norte counties. The relative movement between the Pacific and North 
American plates is primarily a strike-slip movement, whereas the movement between the Gorda and 
North American plates is primarily a thrust subduction. The area where the three tectonic plates intersect 
is known as the Mendocino Triple Junction  

The constant motion of the plates causes stress in the brittle upper crust of the earth. These tectonic 
stresses build as the rocks are gradually deformed. The rock deformation, or strain, is stored in the rocks 
as elastic strain energy. When the strength of the rock is exceeded, rupture occurs along a fault. The rocks 
on opposite sides of the fault slide past each other as they spring back into a relaxed position. The strain 
energy is released partly as heat and partly as elastic waves called seismic waves. The passage of these 
seismic waves produces the ground shaking in earthquakes.  

California has thousands of recognized faults, hundreds of which have names, but only some are known 
to be active and pose significant hazards. The motion between the Pacific and North American plates 
occurs primarily on the faults of the San Andreas system and the eastern California shear zone. North of 
Cape Mendocino, the Little Salmon and the Mad River fault zones are seismically important.  

Faults are more likely to have future earthquakes on them if they have more rapid rates of movement, 
have had recent earthquakes along them, experience greater total displacements, and are aligned so that 
movement can relieve the accumulating tectonic stresses. Geologists classify faults by their relative 
hazards. “Active” faults, which represent the highest hazard, are those that have ruptured to the ground 
surface during the Holocene period (about the last 11,000 years). “Potentially active” faults are those that 
displaced layers of rock from the Quaternary period (the last 1,800,000 years). Determining if a fault is 
“active” or “potentially active” depends on geologic evidence, which may not be available for every fault. 
Although there are probably still some unrecognized active faults, nearly all the movement between the 
two plates, and therefore the majority of the seismic hazards, are on the well-known active faults. 

Earthquakes can last from a few seconds to over five minutes; they may also occur as a series of tremors 
over a period of several days. The actual movement of the ground in an earthquake is seldom the direct 
cause of injury or death. Casualties may result from falling objects and debris, because the shocks shake, 
damage, or demolish buildings and other structures. Disruption of communications, electrical power 
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supplies and gas, sewer and water lines should be expected. Earthquakes may trigger fires, dam failures, 
landslides or releases of hazardous material, compounding their disastrous effects. 

A direct relationship exists between a fault’s length and location and its ability to generate damaging 
ground motion at a given site. In some areas, smaller, local faults produce lower magnitude quakes, but 
ground shaking can be strong, and damage can be significant as a result of the fault’s proximity to the 
area. In contrast, large regional faults can generate great magnitudes but, because of their distance and 
depth, may result in only moderate shaking in the area.  

Earthquakes are classified according to the amount of energy released as measured by magnitude or 
intensity scales. Currently the most commonly used scales are the Moment Magnitude (Mw), and the 
Modified Mercalli Intensity. Estimates of moment magnitude roughly agree with estimates using other 
scales, such as the Local Magnitude scale (ML), commonly called the Richter magnitude scale. One 
advantage of the moment magnitude scale is that, unlike other magnitude scales, it does not saturate at the 
upper end. That is, there is no particular value beyond which all large earthquakes have about the same 
magnitude. For this reason, moment magnitude is now the most often used estimate of large earthquake 
magnitudes. Table 13-1 presents a classification of earthquakes according to their magnitude. Table 13-2 
compares the Moment Magnitude Richter Scale to the Modified Mercalli Intensity scale. 
 

TABLE 13-1. 
 MAGNITUDE CLASSES 

Magnitude Class Magnitude Range (M = magnitude) 
Great M > 8 
Major 7 <= M < 7.9 
Strong 6 <= M < 6.9 
Moderate 5 <= M < 5.9 
Light 4 <= M < 4.9 
Minor 3 <= M < 3.9 
Micro M < 3 

 

Another element of earthquake hazard assessment is the calculation of expected ground motion values. 
This involves determining the annual probability that certain ground motion accelerations will be 
exceeded, then summing the annual probabilities over the time period of interest. The most commonly 
mapped ground motion parameters are the horizontal and vertical peak ground accelerations (PGA) for a 
given site classification (soil or rock type). Maps of PGA values form the basis of seismic zone maps that 
are included in building codes, including the International Building Code (IBC) and its predecessor the 
Uniform Building Code (UBC). Building codes that include seismic provisions specify the horizontal 
force due to lateral acceleration that a building should be able to withstand during an earthquake. PGA 
values are directly related to these lateral forces that could damage “short period structures” (i.e. single-
family dwellings, the most common structures in Humboldt County). Maps of longer period spectral 
response components may also need to be developed to determine the lateral forces that damage larger 
structures with longer natural periods (apartment buildings, factories, high-rises, bridges). Table 13-3 
illustrates the damage potential by PGA factors as compared to the Mercalli scale.  
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TABLE 13-2. 
EARTHQUAKE MAGNITUDE AND INTENSITY 

Magnitude (Mw) 

Intensity 
(Modified 
Mercalli) Description 

1.0 – 3.0 I I. Not felt except by a very few under especially favorable 
conditions 

3.0 – 3.9 II – III II. Felt only by a few persons at rest, especially on upper floors of 
buildings. 

III. Felt quite noticeably by persons indoors, especially on upper 
floors of buildings. Many people do not recognize it is an 
earthquake. Standing motorcars may rock slightly. Vibrations 
similar to the passing of a truck. Duration estimated. 

4.0 – 4.9 IV – V IV. Felt indoors by many, outdoors by few during the day. At 
night, some awakened. Dishes, windows, doors disturbed; walls 
make cracking sound. Sensation like a heavy truck striking 
building. Standing motorcars rocked noticeably. 

5.0 – 5.9 VI – VII VI. Felt by all; many frightened. Some heavy furniture moved; a 
few instances of fallen plaster. Damage slight. 

VII. Damage negligible in buildings of good design and 
construction; slight in well-built ordinary structures; considerable 
in poorly built or badly designed structures. Some chimneys 
broken. 

6.0 – 6.9 VII – IX VIII. Damage slight in specially designed structures; considerable 
damage 
in ordinary substantial buildings with partial collapse. Damage 
great in poorly built structures. Fall of chimneys, factory stacks, 
columns, monuments, walls. Heavy furniture overturned. 
IX. Damage considerable in specially designed structures; well-
designed frame structures thrown out of plumb. Damage great in 
substantial buildings, with partial collapse. Buildings shifted off 
foundations. 

7.0 and higher VIII and higher X. Some well-built wooden structures destroyed; most masonry 
and frame structures destroyed with foundations. Rails bent.  

XI. Few, if any (masonry) structures remain standing. Bridges 
destroyed. 

Rails bent greatly.  

XII. Damage total. Lines of sight and level are distorted. Objects 
thrown into the air. 
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TABLE 13-3. 
MERCALLI SCALE AND PEAK GROUND ACCELERATION COMPARISON 

MM Potential Damage 
Estimated 

PGA 

I None 0.017 
II-III None 0.017 
IV None 0.014-0.039 
V Very Light 0.039-0.092 

None to Slight; USGS-Light 0.02-0.05 
0.04-0.08 
0.06-0.07 
0.06-0.13 

VI 
Unreinforced Masonry-Stair Step Cracks; Damage to Chimneys; Threshold of 
Damage 

0.092-0.18 
Slight-Moderate; USGS-Moderate 0.05-0.10 

0.08-0.16 Unreinforced Masonry-Significant; Cracking of parapets 
0.10-0.15 

0.1 

VII 

Masonry may fail; Threshold of Structural Damage 
0.18-0.34 

Moderate-Extensive; USGS: Moderate-Heavy 0.10-0.20 
0.16-0.32 
0.25-0.30 
0.13-0.25 

0.2 

VIII 
Unreinforced Masonry-Extensive Cracking; fall of parapets and gable ends 

0.35-0.65 
Extensive-Complete; USGS-Heavy 0.20-0.50 

0.32-0.55 
0.50-0.55 
0.26-0.44 

0.3 

IX 

Structural collapse of some un-reinforced masonry buildings; walls out of plane. 
Damage to seismically designed structures 

0.65-1.24 
X Complete ground failures; USGS- Very Heavy (X+); Structural collapse of most 

un-reinforced masonry buildings; notable damage to seismically designed 
structures; ground failure 

0.50-1.00 

 

The impact of an earthquake on structures and infrastructure is largely a function of ground shaking, 
liquefaction and distance from the source of the quake. Liquefaction generally occurs in soft, 
unconsolidated sedimentary soils. A program called the National Earthquake Hazard Reduction Program 
(NEHRP) creates maps based on soil characteristics so that locations potentially subject to liquefaction 
may be identified. Table 13-4 summarizes NEHRP soil classifications. 
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TABLE 13-4. 
NEHRP SOIL CLASSIFICATION SYSTEM 

NEHRP 
Soil Type Description 

Mean Shear Velocity 
to 30 m (m/s) 

A Hard Rock 1,500 
B Firm to Hard Rock 760-1,500 
C Dense Soil/Soft Rock 360-760 
D Stiff Soil 180-360 
E Soft Clays < 180 
F Special Study Soils (liquefiable soils, sensitive 

clays, organic soils, soft clays >36 m thick) 
 

 

13.3 HAZARD PROFILE 
Humboldt County is located within the two highest of five seismic risk zones specified by the Uniform 
Building Code, and offshore Cape Mendocino has the highest concentration of earthquake events 
anywhere in the continental United States. The area near Cape Mendocino is a complex, seismically 
active region, where three crustal plates, the Pacific Plate, the Gorda Plate, and North American Plate 
intersect to form the Mendocino Triple Junction. 

The subducting Gorda Plate, together with the Juan de Fuca Plate, form the “Cascadia Subduction Zone”, 
which runs north offshore of Humboldt, Del Norte, Oregon, and Washington. Recent investigations have 
shown that this system has moved in unison in a series of great earthquakes (magnitude 8 to 9) over the 
last 20,000 years, most recently about 300 years ago, with events occurring at 300 to 500-year intervals.  

The local seismic setting has the potential to cause significant ground shaking, leading to: (1) a serious 
liquefaction and subsidence hazard, particularly around the muds and sands of Humboldt Bay; (2) a 
nearshore tsunami striking the coast within 15 minutes of ground-shaking; (3) a significant landslide 
hazard countywide; and, (4) surface fault rupture along the San Andreas, and possibly along the Little 
Salmon and Mad River fault zones, and other active or potentially active faults in the County 

13.3.1 Past Events 
According to the California State Hazard Mitigation Plan, Humboldt County has been impacted by at 
least two earthquakes that caused sufficient damage within the County for the State to proclaim a state of 
emergency between 1950 and 2003. The Cape Mendocino Earthquake that occurred on April 25, 1992 
caused sufficient damage within Humboldt County and the region to warrant a Presidential disaster 
declaration (DR-943). Table 13-5 lists seismic events with a magnitude of 5.0 or larger that were felt 
within the planning area since 2000. 

13.3.2 Location 
The impact of an earthquake is largely a function of the following components: 

• Ground shaking (ground motion accelerations) 

• Liquefaction (soil stability) 

• Distance from the source (both horizontally and vertically) 
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TABLE 13-5. 
RECENT EARTHQUAKES MAGNITUDE 5.0 OR LARGER FELT WITHIN HUMBOLDT COUNTY 

Epicenter Location 
Date Magnitude Distance  Direction Nearest City 
February 26,2007 5.4 51 km W Ferndale, CA 
July 16, 2006 5.0 6 km WNW Punta Gorda, CA 
March 25, 2006 5.0 3 km WNW Punta Gorda, CA 
June 14, 2005 7.2 156 km W Trinidad, CA 
August 15, 2003 5.3 121 km WNW Ferndale, CA 
June 17, 2002 5.27 37 km W Eureka, CA 
September 20, 2001 5.10 80 km WNW Punta Gorda, CA 
January 13, 2001 5.19 92 km WNW Ferndale, CA 
March 16, 2000 5.59 N/A N/A Offshore Punta Gorda 

Point Mendocino 

Source: Earthquake Catalogs, Northern California Earthquake Data Center, 2007 

 

To map the extent and location of areas within Humboldt County considered vulnerable to seismic risk, 
the planning team used two principle tools: Probabilistic “Shake Maps” that illustrate predicted ground 
motion of probabilistic events, and soils mapping that look at the stability of the soils in response to 
seismic events.  

Shake Maps 
Earthquake shaking is measured by instruments called accelerographs that are triggered by the onset of 
shaking and record levels of ground motion at stations throughout a region. These readings are recorded 
historically by state and federal agencies tasked with monitoring and predicting seismic activity. A 
probabilistic seismic hazard map is a map that shows the hazard from earthquakes that geologists and 
seismologists agree could occur in California. The analysis takes into consideration the uncertainties in 
the size and location of earthquakes and the resulting ground motions that can affect a particular site. 

The maps are typically expressed in terms of probability of exceeding a certain ground motion. For 
example, maps for 10-percent probability of exceedance in 50 years show levels of ground shaking that 
have only a 10 percent chance of being exceeded in the next 50 years (a 90-percent chance of NOT being 
exceeded in 50 years). This level of ground shaking has been used for designing buildings in high seismic 
areas. Figure 13-1 illustrates the estimated ground motion for a 100-year probabilistic earthquake, and 
Figure 13-2 illustrates the estimated ground motion for a 500-year probabilistic earthquake. 

NEHRP Soils 
Knowledge about the County’s soil make-up narrows down the locations in the County that will be 
significantly impacted by an earthquake. In the event of an earthquake, NEHRP Soils B and C typically 
can sustain ground shaking without much effect, dependent on the magnitude. The areas that are 
commonly most affected by ground shaking are located in NEHRP Soils D, E and F. In general these 
areas are also most susceptible to liquefaction, a secondary effect of an earthquake where soils lose their 
shear strength and flow or behave as liquid, thereby damaging structures that derive their support from 
the soil. The NEHRP map of Humboldt County (Figure 13-3) indicates that the loess-dominated soil is 
classified as NEHRP CD, while the river and creek valleys are classified as D soils.  
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Figure 13-1: 100-Year probabilistic ground motion map for Humboldt County 
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Figure 13-2: 500-Year probabilistic ground motion map for Humboldt County 
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Figure 13-3: NEHRP Soil Classifications in Humboldt County  
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13.3.3 Frequency 
The Humboldt County planning area has experienced at least nine seismic events with a magnitude of 5.0 
or higher in a 7-year period (see Table 13-5) The USGS has created probabilistic hazard maps based on 
peak ground acceleration that takes into account new information on several fault zones. The northern 
California area, including Humboldt County, is in a high-risk area, with a 10-percent probability in a 
50-year period of ground shaking from a seismic event exceeding 30 percent of gravity. Figure 13-4 
shows the expected peak horizontal ground motions for this probability (USGS Website, 2007).  

 
Figure 13-4: Probabilistic Hazard Map 

13.3.4 Severity 
The severity of an earthquake can be expressed in terms of both intensity and magnitude. Intensity is 
based on the observed effects of ground shaking on people, buildings, and natural features. It varies from 
place to place within the disturbed region depending on the location with respect to the earthquake 
epicenter. Magnitude is related to the amount of seismic energy released at the hypocenter of the 
earthquake. It is based on the amplitude of the earthquake waves recorded on instruments, which have a 
common calibration. Magnitude is thus represented by a single, instrumentally determined value 

Past events suggest that earthquakes typical for the Humboldt County planning area would cause light to 
moderate damage. However, severity can increase based on soil type and proximity to the hypocenter of 
the event. There are soft soils in Humboldt County that have a high degree of vulnerability to 
earthquakes. USGS estimates that there is at least a 5-percent probability an earthquake with a magnitude 
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of 7.5 or greater could occur within 50 km of the planning area within the next 5 years (Figure 13-5). The 
probability that a major quake will hit in some part of California in the next 30 years is over 95 percent. 
This probability of occurrence, mixed with potential vulnerable soils stability, could lead to a scenario of 
an earthquake event causing severe damage in the planning area. 

 
Figure 13-5: Earthquake recurrence probability map for Humboldt County. 

13.3.5 Warning Time 
Earthquake early warning systems provide a few seconds of warning prior to damaging ground shaking in 
an earthquake. The farther the earthquake is from a region, the more warning time there will be. There is 
no current method to accurately determine when and where an earthquake may occur.  

13.4 SECONDARY HAZARDS 
Earthquakes can cause several secondary effects. They can cause large and sometimes disastrous 
landslides and mudslides. River valleys are vulnerable to slope failure, often as a result of loss of 
cohesion in clay-rich soils. Soil liquefaction occurs when water-saturated sands, silts or gravelly soils are 
shaken so violently that the individual grains lose contact with one another and “float” freely in the water, 
turning the ground into a pudding-like liquid. Building and road foundations lose load-bearing strength 
and may sink quicksand-like into what was previously solid ground. Unless properly secured, hazardous 
materials can be released, causing significant damage to the environment and people. Earthen dams and 
levees are also susceptible to seismic events and the impacts of their eventual failures can be considered 
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secondary risk exposure to earthquakes. In the Humboldt County planning area, tsunamis are considered 
secondary hazards to earthquake events. The exposure and occurrence potential of the tsunami and 
landslide hazards warrant them being treated as primary hazards under this risk assessment.  

13.5 EXPOSURE 
The data analyzed under this section was generated using the HAZUS-MH program for earthquakes, 
which uses mathematical formulas and information about building stock, local geology and the location 
and size of potential earthquakes, economic data, and other information to estimate potential losses. Once 
the location and size of a hypothetical earthquake are identified, HAZUS-MH estimates the intensity of 
the ground shaking, the number of buildings damaged, the number of casualties, the amount of damage to 
transportation systems and utilities, the number of people displaced from their homes, and the estimated 
cost of repair and cleanup. 

13.5.1 Population 
The entire population of Humboldt County is potentially exposed to earthquakes. Although the 
vulnerability is low, towns are more at risk than rural areas due to higher density. Towns are also more 
vulnerable because they are typically located in small valleys alongside streams, which typically have 
softer soils. Many of these towns also have buildings that were built during the beginning of the 20th 
century and were not subject to the building codes implemented over the last 30 years, which require that 
structures be able to withstand earthquakes. Ornamentation (such as parapets) and chimneys may be 
shaken loose and fall on people walking below. 

13.5.2 Property 
According to the Humboldt County Assessor, there are 47,871 buildings within the census tracts that 
define the planning area. The majority of these buildings are residential use. All of these buildings are 
considered to be exposed to the earthquake hazard.  

13.5.3 Critical Facilities and Infrastructure 
All critical facilities in the Humboldt County planning area are exposed to the earthquake hazard. The 
critical facilities identified for this plan are classified in the HAZUS-MH program as facilities (buildings), 
hazardous material sites, or infrastructure: 

• Critical Facilities—Table 13-6 lists the critical facilities (buildings) in Humboldt County 
that are exposed to the earthquake risk.  

• Hazardous Materials—Hazardous material releases from fixed facilities and transportation-
related releases can occur during an earthquake event. Vital transit corridors such as US 
Highways 36, 101, 211, 255 and 299 and the Northwestern Pacific and Arcata/Mad River 
Railroads can be disrupted during an earthquake, which can result in the release of hazardous 
materials that are being transported along these corridors to the surrounding environment. 
Facilities holding hazardous materials are of particular concern because of possible isolation 
of populations surrounding them. There are 18 facilities in the planning area that store large 
quantities of acutely hazardous substances. During an earthquake event, storage containers at 
these facilities could rupture, causing a chemical release. A release could present significant 
harm to human health and the environment.  

• Critical Infrastructure—Several types of infrastructure are exposed to earthquakes: 
transportation, water, sewer, communication and power infrastructure. Table 13-7 lists the 
critical infrastructure exposed to the earthquake risk.  
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TABLE 13-6. 
CRITICAL FACILITIES WITHIN HUMBOLDT COUNTY 

Jurisdiction 

Medical and 
Health 

Services 
Government 

Functiona 
Protective 
Functionb Schools 

Societal 
Functionc Hazmat 

Other 
Critical 

Functiond Total

Arcata 5 2 3 8 19 2 0 39 
Blue Lake 1 1 2 1 2 0 0 7 
Eureka 15 11 8 11 43 2 20 110 
Ferndale 0 1 1 1 0 0 1 4 
Fortuna 5 3 4 5 7 1 0 25 
Rio Dell 0 0 2 2 2 1 0 7 
Trinidad 0 0 2 2 2 0 0 6 
Unincorporated 
County 

10 24 65 50 56 12 17 234 

Total 36 42 87 80 131 18 38 432 
         

a. Government functions are those associated with continuity of operations at the federal, state or local level. 
b. Protective functions are those associated with protecting the public and include police, fire and ambulance. 
c. Societal functions include facilities that aid society in dealing with the impacts of natural disasters. This 

inventory includes mainly food stores and major goods and services providers. 
d. Other critical functions include all of those facilities that have been identified to provide critical functions, 

but do not fit into an assigned category. These include parks, campgrounds, fairgrounds, etc. 

 

TABLE 13-7. 
CRITICAL INFRASTRUCTURE WITHIN HUMBOLDT COUNTY 

Jurisdiction 
Water 
Supply 

Water 
Storage 

Waste 
Water Power 

Fuel 
storage Communications Bridges Total

Arcata 2 0 1 1 8 0 15 27 
Blue Lake 0 0 1 0 1 0 1 3 
Eureka 1 4 3 1 20 2 9 40 
Ferndale 0 0 0 0 0 1 0 1 
Fortuna 0 0 1 0 8 0 4 13 
Rio Dell 0 1 1 1 1 0 7 11 
Trinidad 0 1 0 0 1 0 1 3 
Unincorporated 
County 

6 75 9 13 36 9 174 322 

Total 9 81 16 16 75 12 211 420 
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Roads 
There are many roads that cross earthquake-prone soils in the County. These soils have the potential to be 
significantly damaged during an earthquake event. Access to major roads is crucial to life and safety after 
a disaster event as well as to response and recovery operations.  

Bridges 
Earthquake events can significantly impact road bridges. These are important because they often provide 
the only access to certain neighborhoods. Since the HAZUS-MH analysis identified soft soil regions that 
follow floodplain boundaries, bridges that cross watercourses should be considered vulnerable. Since 
most of the bridges provide access across watercourses, most are at least somewhat vulnerable to 
earthquakes. A key factor in the degree of vulnerability will be the age of the facility, which will help 
indicate to which standards the facility was built.  

Water and Sewer Infrastructure 
Water and sewer infrastructure would likely suffer considerable damage in the event of an earthquake. 
This was hard to analyze due to the sheer volume of infrastructure. Without further analysis of individual 
components of the system, it should be assumed that these systems are exposed to potential breakage and 
failure. 

13.5.4 Environment 
Environmental problems as a result of an earthquake event can be numerous. Secondary hazards will 
likely have some of the most damaging effects on the environment. Earthquake-induced landslides in 
landslide prone areas can significantly impact surrounding habitat. It is also possible for streams to be 
rerouted after an earthquake. This can change the water quality, possibly damaging habitat and feeding 
areas. There is also a possibility of streams fed by groundwater wells drying up because of changes in 
underlying geology. 

13.6 VULNERABILITY 
Not all features that are exposed to the earthquake hazard will necessarily experience serious damage 
from earthquakes. This section discusses vulnerabilities of exposed population, property, infrastructure 
and environment. 

13.6.1 Population 
A geographic analysis of demographics was performed using the HAZUS-MH model. The inventoried 
data included total population, age, gender, and race distribution and other data obtained from the U.S. 
Census Bureau and Dun & Bradstreet. The demographics were aggregated at the Census-block level. The 
vulnerable populations are those living below the poverty level, those over 65 and those under 16. 
Statistics on these groups are provided in Section 9.4. This spatial analysis provides a basis for identifying 
those populations most vulnerable in the event of an earthquake and for working on mitigation efforts 
including education and outreach with them. 

13.6.2 Property 
Property damage from earthquakes can have a significant impact on the community. Structures, 
infrastructure, critical facilities and the environment are vulnerable to an event. Unless discussed 
specifically in this section, vulnerable property, infrastructure and environment is assumed to be the same 
as discussed in the section on exposure.  
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Age of Structures 
The California Multi-Hazard Mitigation Plan identifies significant milestones in building and seismic 
code requirements that directly affect the structural integrity of development in California. Using these 
time periods, the planning team inventoried the structures within the planning area by age of structure 
using HAZUS-MH. Table 13-8 lists the number of structures built in Humboldt County by time period. 
Only 8.67 percent of the planning area’s structures were constructed since the Uniform Building Code 
(UBC) was amended in 1994 to include seismic safety provisions. Approximately 16.2 percent of the 
planning area’s structures were built before 1940 when there were no building permits, inspections, or 
seismic standards. 

 

TABLE 13-8. 
AGE OF STRUCTURES IN HUMBOLDT COUNTY 

Time Period 

Number of 
Structures Built in 
Humboldt County Significance of Time Frame 

Pre-1940 7,750 Before 1940, there were no explicit requirements for earthquake 
protection in building codes. State law did not require local 
governments to have building officials or issue building permits. In 
1940, the first strong motion recording was made in El Centro. 

1941-1960 12,413 In 1960, the Structural Engineers Association of California reached 
the first statewide consensus on recommended earthquake provisions 
and published the guidelines. 

1961-1979 15,055 In 1975, significant improvements were made to lateral force 
requirements that were then enforced throughout the state. 

1979-1994 8,501 In 1994, the Uniform Building Code was amended to include 
provisions for seismic safety. 

1994 - present 4,152 Seismic code is currently enforced. 

Total 47,871  

 

Loss Potential 
Loss estimates for the planning area were generated for the 100-year and 500-year earthquake events 
through a Level 1 analysis using HAZUS-MH. The results of this analysis are summarized in Table 13-9. 
This data has been segregated into structural and non-structural categories. The structural figures 
represent the damage estimates to buildings. The non-structural figures represent cost estimates for 
contents, inventory, relocation, income loss, rental loss, and wage losses. It is estimated that there would 
be $860.6 million of damage during a 100-year earthquake event. This represents approximately 9 percent 
of the total assessed value for improvements to land in the planning area. For a 500-year earthquake the 
estimated damage potential is $3.2 Billion, or 34 percent of the total assessed value for the planning area.  

Other potential losses estimated by HAZUS-MH include the following: 

• A 100-year event could create as much as 296,210 tons of debris to be removed, and a 
500-year event could create as much as 1.6 million tons of debris. 

• For a 100-year event, as many as 820 households would be displaced, with 233 households 
needing short term shelter. For a 500-year event, there would be as many as 5,895 households 
displaced, with 1,606 households needing short-term shelter. 
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TABLE 13-9. 
EARTHQUAKE BUILDING LOSS POTENTIAL 

 Estimated Earthquake Losses by Occupancy Class ($) 
 100- Year Probabilistic Earthquake 500- Year Probabilistic Earthquake 

Jurisdiction Structural Non-Structural Total Structural Non-Structural Total 

Arcata 18,969,830 141,374,690 160,344,520 75,948,130 453,873,790 529,821,920
Blue Lake 589,230 3,722,450 4,311,680 3,917,670 21,293,120 25,210,790
Eureka 25,008,060 176,530,287 201,538,347 130,619,480 784,174,360 914,793,840
Ferndale 1,348,770 8,808,160 10,156,930 4,224,260 24,408,170 28,632,430
Fortuna 8,011,640 49,376,280 57,387,920 34,623,100 191,534,650 226,157,750
Rio Dell 1,441,090 8,919,220 10,360,310 5,357,110 28,654,370 34,011,480
Trinidad 165,970 1,046,540 1,212,510 1,449,520 7,935,990 9,385,510
Tribes 855,739 5,436,461 6,292,200 5,069,742 29,418,298 34,488,040
Unincorporated 
County 

60,476,341 348,560,122 409,036,463 210,088,348 1,187,860,702 1,397,949,050

Total 116,866,670 743,774,210 860,640,880 471,297,360 2,729,153,450 3,200,450,810

 

14.6.3 Critical Facilities 
Critical facilities were categorized into the following levels of vulnerability to earthquake: no damage, 
slight damage, moderate damage, extensive damage, or complete damage. HAZUS-MH calculates the 
probability of damage under each of these categories for the 100-year and 500-year events, as shown in 
Tables 13-10 and 13-11.  

 

TABLE 13-10. 
CRITICAL FACILITY INFRASTRUCTURE AT RISK FROM A 100-YEAR EARTHQUAKE EVENT 

Category 
No 

Damage 
Slight 

Damage 
Moderate 
Damage 

Extensive 
damage 

Complete 
damage Total

Medical and Health 3 0 33 0 0 36 
Government 
Functions 

3 1 38 0 0 42 

Protective 
Functions 

18 4 65 0 0 87 

Schools 8 0 72 0 0 80 
Societal Functions 6 1 124 0 0 131 
Hazmat 0 0 18 0 0 18 
Other Critical 
Functions 

1 0 37 0 0 38 

Total 39 6 387 0 0 432 
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TABLE 13-11. 
CRITICAL FACILITY INFRASTRUCTURE AT RISK FROM A 500-YEAR EARTHQUAKE EVENT 

Category 
No 

Damage 
Slight 

Damage 
Moderate 
Damage 

Extensive 
damage 

Complete 
damage Total

Medical and Health 0 0 1 5 30 36 
Government 
Functions 0 0 2 5 35 42 

Protective 
Functions 0 5 13 26 43 87 

Schools 0 0 1 7 72 80 
Societal Functions 0 0 1 5 125 131 
Hazmat 0 0 0 2 16 18 
Other Critical 
Functions 0 0 0 7 31 38 

Total 0 5 18 57 352 432 
 

Another analysis of critical facilities performed by HAZUS deals with the loss of function a critical 
facility and the estimated time to restore the facility to a functional use. HAZUS reflects this data in the 
form of percent probability of being functional at specified time increments post-event: 1, 3, 7, 14, 30 and 
90 days after the event occurs. If, for example, the HAZUS output estimates that a given facility will be 
will be 5 percent functional at Day 3, and 95 percent functional at Day 90, this means that the facility 
received significant damage for it to take up to 90 days to regain 95 percent of its functionality. This 
functionality analysis was performed for all identified critical facilities in the planning area for the 
100-year and 500-year earthquake events. This results are summarized in Tables 13-12 and 13-13. 

 

TABLE 13-12. 
FUNCTIONALITY OF CRITICAL FACILITIES; 100-YEAR EARTHQUAKE 

 # of Critical Probability of Being Functional (%) 
Jurisdiction Facilities at Day 1 at Day 3 at Day 7 at Day 14 at Day 30 at Day 90 

Arcata 39 27 28 41 41 66 84 
Blue Lake 7 16 17 32 32 61 81 
Eureka 110 12 13 27 27 56 79 
Ferndale 4 15 16 33 34 62 80 
Fortuna 25 16 17 29 29 57 78 
Rio Dell 7 38 40 50 50 69 84 
Trinidad 6 31 32 52 53 78 90 
Unincorporated 
County 

234 39 41 54 54 74 87 

Total Average 432 24 26 40 40 65 83 
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TABLE 13-13. 
FUNCTIONALITY OF CRITICAL FACILITIES; 500-YEAR EARTHQUAKE 

 # of Critical Probability of Being Functional (%) 
Jurisdiction Facilities at Day 1 at Day 3 at Day 7 at Day 14 at Day 30 at Day 90 

Arcata 39 13 15 19 19 32 53 
Blue Lake 7 5 6 9 9 22 42 
Eureka 110 4 4 7 8 20 43 
Ferndale 4 4 4 17 17 42 63 
Fortuna 25 6 7 10 10 23 42 
Rio Dell 7 27 30 35 35 49 67 
Trinidad 6 8 9 17 17 34 52 
Unincorporated 
County 

234 21 24 29 29 43 61 

Total Average 432 11 12 18 18 33 53 

 

13.7 FUTURE TRENDS IN DEVELOPMENT 
Humboldt County has experienced relatively low growth in past years (less than 1 percent per year). 
Considering these historical trends and future population projections produced by the state, anticipated 
development trends for the planning area are considered low, consisting primarily of residential 
development with the exception of the Eureka and Fortuna areas. Higher rates of growth tend to increase 
demand for new development. It is assumed that development/redevelopment trends in Humboldt County 
are not such that there will be extensive new development exposed to the earthquake hazard. Moreover, 
new development will be constructed to current building codes for seismic protection and will therefore 
be less vulnerable to the earthquake hazard.  

13.8 SCENARIO 
Based on history and geology, the Humboldt County planning area will be frequently impacted by 
earthquakes. The degree and magnitude of these impacts are difficult to predict, but some areas in the 
County are more susceptible to damage than other areas due to soil stability. The damage potential from 
earthquakes is greater on areas with softer soils. There is also a large inventory of structures that were 
built under less stringent building codes than are currently being applied, and this older building stock 
would be at higher risk.  

The worst case scenario in the planning area is a higher magnitude (5.0 or higher) event with an epicenter 
within 50 miles of Humboldt County. The higher degree of damage would be to older structures located 
on soft soils. Bridges and utilities that cross these poor soils would likely fail, causing loss of critical 
infrastructure and utilities. River valley and coastal hydraulic-fill sediment areas are also vulnerable to 
slope failure, often as a result of loss of cohesion in clay-rich soils. Soil liquefaction would occur in 
water-saturated sands, silts or gravelly soils. Building and road foundations would lose load-bearing 
strength. Injuries could occur from debris, such as parapets and chimneys that could topple or be shaken 
loose and fall on those walking or driving below. An earthquake may also cause minor landslides along 
unstable slopes. This would be even more likely if the earthquake occurred during the wet winter and 
early spring months. 
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13.9 ISSUES 
Many secondary effects could be caused by an earthquake in Humboldt County. These include but are not 
limited to the following: 

• Isolation of neighborhoods and communities. Several vulnerable populations are on NEHRP 
C, CD and D soils. 

• Conflagration of wooden homes, collapse of essential buildings such as fire stations, dam 
failure and isolation due to bridge collapse. 

• 73 percent of the planning area’s building stock was built prior to 1975, when seismic 
provisions became uniformly applied through building code applications. 

• Landslides and tsunamis are major natural secondary hazards that could have a widespread 
effect on cities and the County. 

• There is concern about major infrastructure such as roads, bridges and railroads that cross 
vulnerable soils. 

• A high number of critical facilities in the planning area are at risk and would have a fairly 
significant amount of functional downtime post-event. This not only creates a need for 
mitigation but a need for continuity of operations planning to develop procedures for 
providing services without access to essential facilities. 
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ATTACHMENT 2 
Repair Cost Support 

  



Item No Item Description Quantity Unit Unit Cost Total

Address Beam Break and Pipe Replacement

1 Emergency HBMWD Mobilization and Demobilization 1 LS $12,000 $12,000

2 Repair Support Structures (Lumber) 1 LS $7,800 $7,800

3 Furnish and Install 14-Inch Ductile Iron Water Line 10 LF $180 $1,800

4 Furnish and Install 14-Inch Water Line Clamps 2 EA $2,500 $5,000

Follow up Repair to Pipe Supports

5 Clearing and Grubbing 1 LS $1,200 $1,200

6 Erosion and Sediment Control 1 LS $2,700 $2,700

7 Temporary Construction Access Improvements 1 LS $5,000 $5,000

8 Excavation for Footings 1 LS $800 $800

9 Structural Concrete (Concrete Footings 3 ft diameter by 4 ft) 1 CY $1,500 $1,500

10 Revegetation 1 LS $1,200 $1,200

$39,000

Engineering Design for Pipe Support Fittings $2,500

Environmental Permitting for Pipe Support Fittings $5,000

Construction Management 

FINAL DESIGN AND CONSTRUCTION MANAGEMENT TOTAL: $7,500

OPINION OF PROBABLE PROJECT COST: $46,500

EVENT 1: PARTIAL FAILURE OF TRESTLES (6.0<M<5.0), ONE BEAM BREAK, REPLACE 10 LF AND 

REPAIR SUPPORTS

 OPINION OF PROBABLE CONSTRUCTION COST :



Item No Item Description Quantity Unit Unit Cost Total

Address Beam Break and Pipe Replacement

1 Emergency HBMWD Mobilization and Demobilization 1 LS $19,400 $19,400

2 Repair Support Structures (Lumber) 1 LS $22,000 $22,000

3 Furnish and Install 14-Inch Ductile Iron Water Line 20 LF $180 $3,600

4 Furnish and Install 14-Inch Water Line Clamps 4 EA $2,500 $10,000

Follow up Repair to Pipe Supports

4 Clearing and Grubbing 1 LS $1,500 $1,500

5 Erosion and Sediment Control 1 LS $2,700 $2,700

6 Temporary Construction Access Improvements 1 LS $5,000 $5,000

7 Excavation for Footings 1 LS $800 $800

8 Structural Concrete (Concrete Footings 3 ft diameter by 4 ft) 1 CY $1,500 $1,500

9 Revegetation 1 LS $1,500 $1,500

$68,000

Engineering Design for Pipe Support Fittings $2,500

Environmental Permitting for Pipe Support Fittings $5,000

Construction Management 

FINAL DESIGN AND CONSTRUCTION MANAGEMENT TOTAL: $7,500

OPINION OF PROBABLE PROJECT COST: $75,500

EVENT 2: PARTIAL FAILURE OF TRESTLES (7.0>M>6.0), TWO BEAM BREAKS, REPLACE 20 LF AND 

REPAIR/REPLACE SUPPORTS

 OPINION OF PROBABLE CONSTRUCTION COST :



Item No Item Description Quantity Unit Unit Cost Total

Address Beam Break and Pipe Replacement

1 Emergency HBMWD Mobilization and Demobilization 1 LS $40,000 $40,000

2 Replace Approach/Support Structures (Lumber) 1 LS $100,000 $100,000

3 Furnish and Install 14-Inch Ductile Iron Water Line 250 LF $180 $45,000

4 Furnish and Install 14-Inch Water Line Clamps 8 EA $2,500 $20,000

5 Temporary Construction Access Improvements 1 LS $80,000 $80,000

Follow up Repair to Pipe Supports

6 Clearing and Grubbing 1 LS $10,000 $10,000

7 Erosion and Sediment Control 1 LS $10,000 $10,000

8 Excavation for Footings 1 LS $10,000 $10,000

9 Structural Concrete (Concrete Footings) 20 CY $1,500 $30,000

10 Revegetation 1 LS $5,000 $5,000

$350,000

Geotechnical Investigation : $20,000

Engineering Design @ 10%: $35,000

Environmental Permitting @ 5%: $18,000

Construction Management @ 10%: $35,000

FINAL DESIGN AND CONSTRUCTION MANAGEMENT TOTAL: $108,000

OPINION OF PROBABLE PROJECT COST: $458,000

 OPINION OF PROBABLE CONSTRUCTION COST :

EVENT 3: COMPLETE FAILURE OF TRESTLES (8.0>M>7.0), REBUILD TRESTLES TO SUPPORT PIPELINE 

AND INSTALL 250 LF PIPE
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ATTACHMENT 3 
FLEX-TEND Data support 

 
 



Force Balanced
FLEX-TEND®

Force Balanced Flexible Expansion Joint

1109-J Copyright © 2005 All Rights Reserved

Features and Applications:
• Sizes 4 inch through 24 inch

• For Ductile Iron, Steel, PVC or HDPE pipe

• Rated at 250 PSI Working Water Pressure

• Expansion unit will NOT impart a thrust force while 
under internal pressure

• Designed to give Deflection and or Expansion/
Contraction needs to protect pipeline systems 
from shear. Refer to submittal drawings for 
“offset” capability

• Constructed of ASTM A536 Ductile Iron

• Up to 25° Deflection per ball

• Each unit tested to rated working pressure prior to 
shipment

• Due to the design of the seals, no periodic 
maintenance is required

• End connections: 
Flanged; 4 inch through 24 inch
Mechanical Joint; 14 inch through 24 inch

• Flange outlets conform to the dimensional 
requirements of ANSI/AWWA C110/A21.10 (class 
150) with the addition of an O-ring gasket which 
is provided to ensure a watertight seal (4 inch 
through 12 inch units do not have O-rings). 

• Mechanical Joint end connections conform to the 
dimensional requirements of either ANSI/AWWA 
C111/A21.11 or ANSI/AWWA C153/A21.53 
depending on size.

• FLEX-TEND assemblies are suitable for direct 
burial. Polyethylene wrap is provided with each 
unit. If installed in a vault, the design must be 
such that movement is not impeded. Refer to 
Connections FT-2 found at www.ebaa.com.

• All “wetted” parts are coated with a fusion bonded 
epoxy.

For use on water or wastewater pipelines subject to 
hydrostatic pressure and tested in accordance with 
either AWWA C600, C605, or ASTM D2774.

Force Balanced FLEX-TEND; Series 4418M20B, 18 inch Double Ball with 
Mechanical Joint Ends

Image depicts direct burial application (Polyethylene wrap not depicted). 
Refer to “Connections” FT-2 for more details.

Image depicts 8 inch Force Balanced FLEX-TEND



DETAIL  B
SCALE 1.25 : 1

D5 GROOVE RADIUS
D1

D2

D3 D4

B

Size D1 D2 D3 D4 D5
O-ring Diam-

eter
O-ring

Part Number
14 16.200 15.00 0.300 0.600 0.0625 0.5 983014
16 18.500 16.900 0.400 0.800 0.1250 0.625 983016
18 20.700 19.100 0.400 0.800 0.1250 0.625 983018
20 23.000 21.400 0.400 0.800 0.1250 0.625 983020
24 27.200 25.600 0.400 0.800 0.1250 0.625 983024

FLEX-TEND, EX-TEND, and FLEX-900 O-ring Groove

Sample Specification

1. Flexible expansion joints shall be installed in the locations indicated on the drawings and shall be manufactured of ductile iron conforming 
to the material requirements of ASTM A536 and ANSI/AWWA C153/A21.53. Foundry certification of material shall be readily available upon 
request.

2. Each flexible expansion joint shall be pressure tested prior to shipment against it’s own restraint to a minimum of 250 PSI. A minimum 2:1 
safety factor, determined from the published pressure rating, shall apply.

3. Each flexible expansion joint shall consist of an expansion joint designed and cast as an integral part of a ball and socket type flexible joint, 
having a minimum per ball deflection of: 25º, 4” -  8”; 20º, 10” - 12”; 15º, 14+” and 6-inches minimum expansion. The flexible expansion 
fitting shall not expand or exert an axial imparting thrust under internal water pressure. The flexible expansion fitting shall not increase or 
decrease the internal water volume as the unit expands or contracts.

4. All internal surfaces (wetted parts) shall be lined with a minimum of 15 mils of fusion bonded epoxy conforming to the applicable 
requirements of ANSI/AWWA C213. Sealing gaskets shall be constructed of EPDM. The coating and gaskets shall meet ANSI/NSF-61.

5. Exterior surfaces shall be coated with a minimum of 6 mils of fusion bonded epoxy conforming to the applicable requirements of ANSI/AWWA 
C116/A21.16.

6. Polyethylene sleeves, meeting ANSI/AWWA C105/A21.5, shall be included for direct buried applications.

7. Manufacturer’s certification of compliance to the above standards and requirements shall be readily available upon request. The purchaser 
(or owner) shall reserve the right to inspect the manufacturer’s facility for compliance. All flexible expansion joints shall be The Force 
Balanced FLEX-TEND as manufactured by EBAA Iron, Inc. Eastland, TX., U.S.A.



Expansion / Contraction Joint

Ball 
Joint

Ball 
Joint

Laying Length (L)

Center Line (CL)

Total Length (TL)

Center Line (CL)

Offset
(S)

Laying Length (L)

Outside
Diameter
(OD)

Flange by Flange Mechanical Joint by Mechanical Joint

Flange by Flange Mechanical Joint by Mechanical Joint
Nominal
Pipe Size OD D* E** CL S

Series
Number L

Weight
(lbs)

Series
Number L TL

Weight
(lbs)

3 7.50 27° 8 40.6 15.0 4403F20B 51.2(-3,+5) 130 ~ ~ ~ ~

4 9.37 27° 8 41.0 19.7 4404F20B 51.2(-3,+5) 167 ~ ~ ~ ~

6 11.0 25° 8 42.5 19.8 4406F20B 54.3(-3,+5) 275 ~ ~ ~ ~

8 13.5 25° 8 43.7 20.3 4408F20B 56.3(-3,+5) 377 ~ ~ ~ ~

10 16.8 20° 8 55.6 20.2 4410F20B 68.9(-2,+6) 594 ~ ~ ~ ~

12 19.6 20° 8 57.1 21.0 4412F20B 72.8(-2,+6) 786 ~ ~ ~ ~

14 26.5 15° 10 65.3 17.5 4414F20B 91.5 (±5) 1846 4414M20B 84.6 (±5) 91.5 (±5) 1768

16 26.5 15° 10 65.3 17.5 4416F20B 88.6 (±5) 1779 4416M20B 86.0 (±5) 93.0 (±5) 1709

18 29.8 15° 10 69.5 18.6 4418F20B 95.4 (±5) 2573 4418M20B 87.6 (±5) 94.6 (±5) 2431

20 33.1 15° 10 75.0 20.1 4420F20B 95.3 (±6) 2885 4420M20B 95.7 (±6) 102.7 (±6) 2897

24 39.1 15° 12 81.7 20.6 4424F20B 110.9 (±6) 4394 4424M20B 109.0 (±6) 116.0 (±6) 4340

NOTE: Dimensions are in inches, and are subject to change without notice.
End connection combinations available (14 inch - 24 inch).

*Deflection Angle is per ball.
**Maximum expansion.

FLEX-TEND Force Balanced Submittal Drawing
E

B
A
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Force Balanced FLEX-TENDS

     Flexible expansion joints have been used for 
many years with great success. They protect pipelines 
while crossing shear plains such as seismic faults or 
protection of a structure’s pipeline system from either 
a seismic event or from gradual soil subsidence. They 
have however one drawback; they generate an axial 
imparting force while under pressure.  While this 
imparting force or thrust is easy to accommodate with 
a pipeline that stretches across a rural landscape, 
it becomes cumbersome and costly in municipal 
settings to engineer and build a restraint system that 
can isolate these imparting thrusts without interfering 
with the purpose of the unit, which is to protect the 
pipeline from sudden or gradual movement generated 
by the environment and not the imparting thrust.

     The Force Balanced FLEX-TEND® Flexible 
Expansion Joint can accommodate pressure induced 
thrust forces by utilizing an additional water chamber 
piston that acts in the equal and opposite direction 
of the imparting thrust and hence neutralizes the 
thrust forces. This neutralization of the pressure 
thrust allows designers to use flexible expansion 
joints in applications were bulky cumbersome thrust 
blocks or other means of force restricting devices are 
not applicable. Finally, a flexible expansion joint can 
now be placed into a system as easily as putting in a 
spool piece of pipe, rather than having to either dig 
out large areas for a thrust retaining walls and blocks, 
or by engineering costly lateral bracing that must 
be supported by structures that may not have been 
designed to take these forces. 

     Another concern is the addition of a needed 
flexible expansion joint to protect a pipeline system 
that serves a structure or uses a structure to make a 
crossing of some type. Most structures, such as water 
storage tanks, base isolated buildings, and bridges, 
were not designed to restrain the imparting thrust of 
a typical expansion joint, thus adding considerable 
cost in developing a restraint that can isolate the 
thrust without hampering the unit’s ability to move as 
needed to protect the pipeline. The Force Balanced 
FLEX-TEND solves all these problems while giving 
the designer and owner the security of knowing his 
pipeline systems were protected from shear. 

     Additionally and just as important, as the unit 
expands and contracts to accommodate the needs of 
the pipeline system, the volume inside the unit never 
changes unlike traditional expansion joints. This is 

exceptionally important when protecting base isolated 
structures such as buildings. A normal expansion unit 
will increase its volume of water during the expansion 
stroke, and then reduce that volume during the 
contraction stroke, in essence creating a ‘pumping’ 
action drawing water through the distribution pipe 
system, through the back flow preventers and forcing 
it into the structure, possibly causing water damage.

     Municipalities are also experiencing a common 
theme in their maintenance and expansion programs 
for their water and wastewater needs: Congestion. The 
shear amount of buried utilities is already staggering 
and the future only holds more as cities grow and not 
only add more buried utilities but increase the size of 
the existing water and wastewater pipeline systems. 
In this existing and anticipated congestion, the Force 
Balanced FLEX-TEND Flexible Expansion Joint can 
not only protect pipeline systems from movement as 
any other flexible expansion joint, it can do so with a 
smaller and overall less expensive footprint, allowing 
room for the existing or future utilities that may one 
day join it.

Additional information can be found in Connections Bulletin FT-4

Additional FLEX-TEND Family Products
FLEX-TEND Standard Flexible Expansion Joint
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• Diagram of Assembly: U3 Assembly  

• Sustainable Forests Demonstration Project on Usal Redwood Forest: Preliminary Plan   



Biomass Demonstration Project on Usal Redwood Forest: 
 
I. PROPOSAL:  
 
Use timberland located on the Usal Redwood Forest to set up a small‐scale 
demonstration biomass facility that will show how woody biomass utilization can 
help improve forest conditions, create jobs and revenue. The demonstration will last 
between one and three years‐ the biomass unit must be easily installed and 
removed from the forest. Any excess revenue derived from the demonstration will 
be funneled through RFFI to other restoration efforts on the Usal Redwood Forest.  
 
The demonstration project will meet multiple RFFI management objectives: 
 
• If the unit is fed by underbrush from a potential firebreak area, it can help offset 

the cost of catastrophic fire prevention.  
• If the facility is used to clear underneath large oak species, the demonstration 

project could create an acorn orchard that fulfills the cultural needs of local 
tribes.  

• If the unit is located in an area overpopulated with tanoak, then converting this 
waste wood into energy serves as an alternative to using herbicides.  

• The demonstration project can be used as an education tool showing how 
biomass utilization can improve forest health and offset the cost of restoration.  

• Tours of the area where biomass removal takes place will create positive 
publicity for RFFI, showing that they are willing to integrate the community’s 
ideas into innovative forest management practices.  

 
The “potential benefits” section below explains these in other benefits in more 
detail.  
 
 
II. FUNDING:  
 
The WBWG needs to raise approximately $250,000 to completely pay for the capital 
costs of the project. According to our currently cost vs. revenue figures, if we are 
able to sell the bio‐char at the current market price ($1/ lb.) then the project should 
payback the capital costs with in 3 years. The fact that revenue is being created 
opens up funding sources to include private as well as public investment. There are 
several options for obtaining these funds: 
 

1) Secure funds through a grant  
2) Seek out private financing  
3) Use a cooperative community investment model  
4) Use a loan for the upfront costs  
5) Approach the manufacturer to use our region as a test site 

 



III. LOCATION: 
 
We are currently looking at several locations on the Usal Redwood Forest to locate 
the bio‐char facility. We will need enough space to store a year’s supply of biomass 
(equivalent to 300,000 board feet) if we want to allow substantial drying time for 
the material (this will lower the variable cost of creating bio‐char). Several sites on 
the Usal Redwood Forest have adequate space. The main variables that influence 
site selection are: 
 

‐ Cost of transporting biomass to the landing 
‐ Cost of transporting the end product to the market place 
‐ Cost of energy for operating the machine  
‐ Cost of leasing the area  
‐ Availability of water for personal consumption/ safety  
‐ Do we want to bring the machine to the landing of the biomass to the 

machine? 
 
IV. PRODUCTION: 
 
The bio‐char machine has the capacity to input 3 BDT and output 1,500 lbs. of bio‐
char per day. There are several elements required to completely convert the 
biomass into bio‐char that is ready for market.  
 
‐Transporting biomass to landing  
‐ Storing Biomass  
‐Chipping  
‐Drying 
‐Biomass Input 
‐Bio‐char output 
‐Cooling 
‐Packaging  
‐ Storing Bio‐char 
‐ Loading  
‐ Transporting bio‐char to the market 
 
V. MARKETING: 
 
One of the biggest obstacles in making the economics of this project work is 
ensuring that we will be able to sell the bio‐char that is produced.  Bio‐char is 
currently used as a soil amendment, adding carbon back into depleted soils. This 
application is very appropriate for our local agricultural economy. Bio‐char could be 
sold to winery owners, as an amendment to compost or for personal gardens. In 
addition, burying bio‐char is sequestering carbon. The carbon in one metric ton of 
bio‐char is equal to about 3 metric tons of CO2. Selling carbon to “green” farmers 



can help them meet their carbon footprint goals. Marketing should begin now with 
the following steps: 
 

1) Create a brand and label 
2) Create a sales pitch that includes not only the benefits of bio‐char to the soil, 

but also benefits to the forest and our community of utilizing excess biomass 
3) Ask for help from our partners i.e. ask for someone from the U.C. extension to 

study two side by side garden plots or compost piles etc.  
4) Approach winery owners, farmers, nursery’s and compost businesses with 

our sales pitch 
5) Ask for written statements of interest from businesses that would be willing 

to carry our product  
6) Educate the public about the brand  
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• Detention Pond Data Sheet 

• Willow Creek Highway 96 Interceptor Conceptual Design 
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                        WinTR-55 Current Data Description

                         --- Identification Data ---

User:     TVCE                                   Date:        12/13/2010
Project:  WCCSD 96 Interceptor                   Units:       English
SubTitle:                                        Areal Units: Acres
State:    California
County:   Humboldt
Filename: Z:\TVCE\Projects\#209 - WCCSD\Highway 96 Interceptor\runoff_calcs\wintr55_rev0.w55

                             --- Sub-Area Data ---

Name           Description              Reach        Area(ac)     RCN     Tc  
------------------------------------------------------------------------------
one           commercial district      Outlet          200         33    0.1       

Total area: 200 (ac)

                             --- Storm Data  --

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
   3.94         .0          .0          .0          .0         7.94         .0      

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Historical Storm
Dimensionless Unit Hydrograph:  <standard>
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TVCE                         WCCSD 96 Interceptor
                                       
                         Humboldt County, California

                                  Storm Data

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
   3.94         .0          .0          .0          .0         7.94         .0      

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Historical Storm
Dimensionless Unit Hydrograph:  <standard>

WinTR-55, Version 1.00.08 Page  1 12/13/2010 8:53:42 AM 



TVCE                         WCCSD 96 Interceptor
                                       
                         Humboldt County, California

                             Watershed Peak Table

 Sub-Area           Peak Flow by Rainfall Return Period
 or Reach       2-Yr    100-Yr
Identifier     (cfs)     (cfs)
----------------------------------------------------------------------------------
SUBAREAS
one              .00     26.39

REACHES

OUTLET           .00     26.39

WinTR-55, Version 1.00.08 Page  1 12/13/2010 8:53:42 AM 



TVCE                         WCCSD 96 Interceptor
                                       
                         Humboldt County, California

                       Hydrograph Peak/Peak Time Table

 Sub-Area       Peak Flow and Peak Time (hr) by Rainfall Return Period
 or Reach       2-Yr    100-Yr
Identifier     (cfs)     (cfs)
            (hr)      (hr)      
----------------------------------------------------------------------------------
SUBAREAS
one              .00     26.39
             n/a     13.01

REACHES

OUTLET           .00     26.39
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TVCE                         WCCSD 96 Interceptor
                                       
                         Humboldt County, California

                            Sub-Area Summary Table

 Sub-Area   Drainage     Time of     Curve   Receiving     Sub-Area
Identifier    Area    Concentration  Number    Reach      Description
              (ac)        (hr)
--------------------------------------------------------------------------------
one            200.00     0.100        33     Outlet    commercial district      

Total Area:   200 (ac)
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TVCE                         WCCSD 96 Interceptor
                                       
                         Humboldt County, California

                    Sub-Area Time of Concentration Details

 Sub-Area      Flow            Mannings's    End     Wetted               Travel
Identifier/   Length    Slope      n        Area    Perimeter   Velocity   Time 
               (ft)    (ft/ft)             (sq ft)    (ft)      (ft/sec)   (hr)
--------------------------------------------------------------------------------
one       
  SHEET           60   0.0200     0.011                                    0.012
  SHALLOW        400   0.0200     0.025                                    0.039

                                                 Time of Concentration       0.1
                                                                        ========
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TVCE                         WCCSD 96 Interceptor
                                       
                         Humboldt County, California

                  Sub-Area Land Use and Curve Number Details

 Sub-Area                                           Hydrologic   Sub-Area   Curve
Identifier           Land Use                          Soil        Area     Number
                                                      Group        (ac)
--------------------------------------------------------------------------------
one       Open space; grass cover > 75%       (good)    A         12.55       39 
          Paved parking lots, roofs, driveways          A             4       98 
          Paved; curbs and storm sewers                 A             2       98 
          Paved; open ditches (w/right-of-way)          A           .95       83 
          Gravel (w/ right-of-way)                      A            .5       76 
          Woods                               (good)    A           180       30 

          Total Area / Weighted Curve Number                        200       33 
                                                                    ===       ==
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                        WinTR-55 Current Data Description

                         --- Identification Data ---

User:     TVCE                                   Date:        12/13/2010
Project:  WCCSD 96 Interceptor                   Units:       English
SubTitle:                                        Areal Units: Acres
State:    California
County:   Humboldt
Filename: Z:\TVCE\Projects\#209 - WCCSD\Highway 96 Interceptor\runoff_calcs\wintr55_rev0.w55

                             --- Sub-Area Data ---

Name           Description              Reach        Area(ac)     RCN     Tc  
------------------------------------------------------------------------------
one           commercial district      Outlet          200         33    0.1       

Total area: 200 (ac)

                             --- Storm Data  --

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
  12.24         .0         19.2       22.32       24.72        26.8         .0      

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Historical Storm
Dimensionless Unit Hydrograph:  <standard>
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TVCE                         WCCSD 96 Interceptor
                                       
                         Humboldt County, California

                                  Storm Data

                   Rainfall Depth by Rainfall Return Period

   2-Yr        5-Yr        10-Yr       25-Yr       50-Yr       100-Yr      1-Yr
   (in)        (in)        (in)        (in)        (in)        (in)        (in)
--------------------------------------------------------------------------------
  12.24         .0         19.2       22.32       24.72        26.8         .0      

Storm Data Source:              User-provided custom storm data
Rainfall Distribution Type:     Historical Storm
Dimensionless Unit Hydrograph:  <standard>

WinTR-55, Version 1.00.08 Page  1 12/13/2010 12:57:05 PM 



TVCE                         WCCSD 96 Interceptor
                                       
                         Humboldt County, California

                             Watershed Peak Table

 Sub-Area           Peak Flow by Rainfall Return Period
 or Reach       2-Yr     10-Yr     25-Yr     50-Yr    100-Yr
Identifier     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)
----------------------------------------------------------------------------------
SUBAREAS
one           103.89    264.76    344.21    407.08    462.46

REACHES

OUTLET        103.89    264.76    344.21    407.08    462.46
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TVCE                         WCCSD 96 Interceptor
                                       
                         Humboldt County, California

                       Hydrograph Peak/Peak Time Table

 Sub-Area       Peak Flow and Peak Time (hr) by Rainfall Return Period
 or Reach       2-Yr     10-Yr     25-Yr     50-Yr    100-Yr
Identifier     (cfs)     (cfs)     (cfs)     (cfs)     (cfs)
            (hr)      (hr)      (hr)      (hr)      (hr)      
----------------------------------------------------------------------------------
SUBAREAS
one           103.89    264.76    344.21    407.08    462.46
           13.00     13.00     13.00     13.01     13.00

REACHES

OUTLET        103.89    264.76    344.21    407.08    462.46
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TVCE                         WCCSD 96 Interceptor
                                       
                         Humboldt County, California

                            Sub-Area Summary Table

 Sub-Area   Drainage     Time of     Curve   Receiving     Sub-Area
Identifier    Area    Concentration  Number    Reach      Description
              (ac)        (hr)
--------------------------------------------------------------------------------
one            200.00     0.100        33     Outlet    commercial district      

Total Area:   200 (ac)

WinTR-55, Version 1.00.08 Page  1 12/13/2010 12:57:05 PM 



TVCE                         WCCSD 96 Interceptor
                                       
                         Humboldt County, California

                    Sub-Area Time of Concentration Details

 Sub-Area      Flow            Mannings's    End     Wetted               Travel
Identifier/   Length    Slope      n        Area    Perimeter   Velocity   Time 
               (ft)    (ft/ft)             (sq ft)    (ft)      (ft/sec)   (hr)
--------------------------------------------------------------------------------
one       
  SHEET           60   0.0200     0.011                                    0.007
  SHALLOW        400   0.0200     0.025                                    0.039

                                                 Time of Concentration       0.1
                                                                        ========
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TVCE                         WCCSD 96 Interceptor
                                       
                         Humboldt County, California

                  Sub-Area Land Use and Curve Number Details

 Sub-Area                                           Hydrologic   Sub-Area   Curve
Identifier           Land Use                          Soil        Area     Number
                                                      Group        (ac)
--------------------------------------------------------------------------------
one       Open space; grass cover > 75%       (good)    A         12.55       39 
          Paved parking lots, roofs, driveways          A             4       98 
          Paved; curbs and storm sewers                 A             2       98 
          Paved; open ditches (w/right-of-way)          A           .95       83 
          Gravel (w/ right-of-way)                      A            .5       76 
          Woods                               (good)    A           180       30 

          Total Area / Weighted Curve Number                        200       33 
                                                                    ===       ==
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