ASSESSING POWER PLANT
COOLING WATER INTAKE SYSTEM
ENTRAINMENT IMPACTS

Prepared For:

California Energy Commission

Prepared By:

JOHN STEINBECK, Tenera
Environmental Inc.

JOHN HEDGEPETH, Tenera
Environmental Inc.

PETER RAIMONDI, Department of
Ecology and Evolutionary Biology,
University of California, Center for
Ocean Health, Long Marine Lab

GREGOR CAILLIET, Moss Landing
Marine Laboratories

DAVID MAYER, Tenera Environmental
Inc.

CONSULTANT REPORT

OCTOBER 2007
CEC-700-2007-010






Prepared By:

Tenera Environmental Inc.
John Steinbeck

San Luis Obispo, California
Contract No. 700-05-002

Prepared For:

CALIFORNIA ENERGY
COMMISSION

Rick York
Project Manager

Paul Richins
Manager
ENVIRONMENTAL OFFICE

Terrence O'Brien
Deputy Director
ENERGY FACILITIES SITING DIVISION

B. B. Blevins
Executive Director

DISCLAIMER

This report was prepared as the result of work sponsored by the
California Energy Commission. It does not necessarily represent
the views of the Energy Commission, its employees, or the State
of California. The Energy Commission, the State of California, its
employees, contractors, and subcontractors make no warrant,
express or implied, and assume no legal liability for the
information in this report; nor does any party represent that the
uses of this information will not infringe upon privately owned
rights. This report has not been approved or disapproved by the
California Energy Commission nor has the California Energy
Commission passed upon the accuracy or adequacy of the
information in this report.







ACKNOWLEDGEMENTS

It should be obvious that large studies like these require the coordinated work of many
people. We would first like to thank the California Energy Commission, especially Rick
York and Dick Anderson, for funding this study and recognizing the importance of
publishing this work so it could be used by other researchers and decision makers.
Thanks also to Duke Energy and Pacific Gas and Electric Company (PG&E) for the use
of the data from the Duke Energy South Bay and Morro Bay power plants and the PG&E
Diablo Canyon Power Plant. Special thanks go to James White and Brian Waters from
Duke Energy, and Kathy Jones, Anne Jackson, Jim Kelly, and Bryan Cunningham from
PG&E. We also want to thank Michael Thomas from the Central Coast Regional Water
Quality Control Board who organized the Technical Workgroup that provided input on
the Diablo Canyon and Morro Bay studies, which provided a model of cooperative
science used in other studies throughout the state. More special thanks go to the
Technical Workgroup members from various state and federal resource agencies and
academia who provided valuable input on all three studies. Dr. John Skalski helped
develop the models used in the assessments, and Drs. Roger Nisbet, Allen Stewart-
Oaten, Alec MacCall, and others provided valuable input on various aspects of the
studies. We want to thank Chris Ehrler and Jay Carroll from Tenera Environmental and
Rick York and Joanna Grebel from the California Energy Commission for their editorial
assistance with the report. We also received helpful comments on the final draft from
Larry Barnthouse, Shane Beck, Kathleen Jones, Erika McPhee-Shaw, Roger Nisbet, and
Pat Tenant. Finally we want to thank all of the scientists and technicians at Tenera
Environmental who collected all of these data and processed the hundreds of samples
collected from the three studies.






ABSTRACT

Steam electric power plants and other industrial facilities that withdraw cooling water
from surface water bodies are regulated in the United States under Section 316(b) of the
Clean Water Act of 1972. Of the industries regulated under Section 316(b), steam electric
power plants represent the largest cooling water volumes with some large plant
withdrawals exceeding 2 billion gallons per day. Environmental effects of cooling water
withdrawal result from the impingement of larger organisms on screens that block
material from entering the cooling water system and the entrainment of smaller
organisms into and through the system. This paper focuses on methods for assessing
entrainment effects (not impingement), and specifically, entrainment effects on
ichthyoplankton. This report describes three studies that assessed entrainment at coastal
power plants in California and discusses some of the considerations for the proper
design and analysis of entrainment studies.
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EXECUTIVE SUMMARY

Steam electric power plants and other industries that withdraw cooling water from
surface water bodies are regulated in the United States under Section 316(b) of the Clean
Water Act of 1972. Of the industries regulated under Section 316(b), steam electric power
plants have the largest cooling water volumes with some large plants exceeding 2 billion
gallons per day. Environmental effects of cooling water withdrawal result from
impingement of larger organisms on screens that block material from entering the
cooling water system and the entrainment of smaller organisms into and through the
system.

Concerns regarding the environmental effects of entrainment result from the large
volume of cooling water potentially used by coastal power plants. In California, the 21
coastal power plants potentially withdraw up to 17 billion gallons of seawater per day.
This process results in the loss of billions of aquatic organisms, including fishes, fish
larvae and eggs, crustaceans, shellfish, and many other forms of aquatic life from
California’s coastal ecosystem each year. There has been increased focus on the effects of
power plant cooling water intake systems because the biological resources of the world’s
oceans, and California’s coast in particular, are in serious decline. Long-term declines,
which started in the early 1970s, have occurred in 60 percent of the fishes for which
landings are reported. Despite the potential contribution of cooling water withdrawal to
these declines, recent studies have only been completed at a few of the California power
plants (California Energy Commission 2005). Regulations for Section 316(b) of the Clean
Water Act published in July 2004 (USEPA 2004) will result in new studies on the
environmental effects of cooling water systems at many of the existing power plants in
California and throughout the country. The results of these studies will help determine
the environmental effects of cooling water withdrawal on biological communities.

While the assessment of impingement effects is relatively straightforward, the
assessment of entrainment effects requires thoughtful consideration of all aspects of the
study design. The difficulties in entrainment assessments arise from several factors. The
organisms entrained include planktonic larvae of fishes and invertebrates that are
difficult to sample and identify. The entrained larvae are also part of larger source water
populations that may extend over large areas or be confined to limited habitats, making
it difficult to determine the effects of entrainment losses. The early life histories of most
fishes on the Pacific Coast are also poorly described, limiting the usefulness of
demographic models for assessing entrainment effects. All of these factors make the
assessment of cooling water system entrainment difficult. This report will present, by
example, some of the considerations for the proper design and analysis of entrainment
studies.



This report describes three studies for assessing entrainment at coastal power plants in
California. They represent a range of marine and estuarine habitats: the South Bay
Power Plant in south San Diego Bay and the Morro Bay and Diablo Canyon power
plants in Central California. These studies used a multiple modeling approach for
assessing entrainment effects. When appropriate life history information was available
for a species, demographic modeling techniques were used to calculate the numbers of
adults represented by the losses of fish eggs and larvae due to entrainment. The primary
approach for assessment at these plants was the “Empirical Transport Model” (ETM),
originally developed for use with power plants entraining water from rivers, and then
adapted for use on the open coast and in estuaries in Southern California. The Empirical
Transport Model uses the same principles as fishery management to estimate effects of
fishing mortality on the sustainability of a stock. Just as fishery managers use catch and
population size to estimate fishery mortality, the Empirical Transport Model requires
estimates of both entrainment and source water larval populations. The source water
population is the abundance of organisms at risk of entrainment as determined by
biological and hydrodynamic/oceanographic data. The process of defining the source
water and obtaining an estimate of its population varied among the three plants and
also among species within studies. This paper will present the multiple modeling
approaches used for power plant entrainment assessments, with the main focus being a
comparison of the processes used to define the source water populations used in the
Empirical Transport Modeling from the three power plants.

The results showed that standard demographic models were generally not usable with
species found along the California coast due to the absence of life history information for
most of them. The results for the Empirical Transport Model ranged from very small
levels (<1.0 percent) of proportional mortality due to entrainment for wide ranging
pelagic species such as northern anchovy to levels as high as 50 percent for fishes with
more limited habitat that were spawned near power plant intake structures. The results
of the Empirical Transport Model were generally consistent with the biology and habitat
distributions of the fishes analyzed.

Based on experiences with these and other studies, the authors believe that a
prescriptive approach to the design of entrainment assessments is not possible, and
therefore, some general considerations are provided that might be helpful in the design,
sampling, and analysis of entrainment impact assessments. These include ensuring that
organisms that could be affected by entrainment are effectively sampled and that the
sampling will account for any endangered, threatened, or other listed species that could
be affected by entrainment. In addition to identifying species potentially affected, it is
critical to determine the source water areas potentially affected, including the
distribution of habitats that might be differentially affected by cooling water intake
system (CWIS) entrainment. The sampling plan also needs to account for the design,



location, and hydrodynamics of the power plant intake structure. The sampling
frequency should accommodate important species that might have short spawning
seasons. This may require that the sampling frequency be seasonally adjusted based on
presence of certain species. The relative effects of entrainment estimated by the ETM
model should be much less subject to interannual variation than absolute estimates
using “fecundity hindcasting” (FH), “adult equivalent loss” (AEL), or other
demographic models. Therefore, if source water sampling is done along with
entrainment sampling, then one year is a reasonable period of sampling for these
studies. The size of the source water sampling area should be based on the
hydrodynamics of the system. In a closed system, this may be the entire source water. In
an open system, ocean or tidal currents and dispersion should be used to determine the
appropriate sampling area for estimating daily entrainment mortality (PE) for the larger
source water population.

Some practical considerations for sample collection and processing include adjusting the
sample volume for the larval concentrations in the source waters. This is best done using
preliminary sampling with the gear proposed for the study. Age of larvae are best
determined using analysis of otoliths, but if this is not possible, be sure that length
frequencies measured from the entrainment samples are realistic based on available life
history and account for egg stages that would be subject to entrainment if fish eggs are
not sorted and identified from the samples. This is easily accommodated in the
Empirical Transport Model approach by adding the duration of the planktonic egg stage
to the larval duration calculated from the otolith or length data.

Although the authors believe that the Empirical Transport Model is best approach for
assessment, results from multiple models provide additional information for verifying
results and for determining effects at the adult population level. One approach for
assessment at the adult population level is through converting Empirical Transport
Model results into an estimate of the habitat necessary to replace the production lost due
to entrainment (“area of production foregone” [APF]). The area of production foregone
is calculated by multiplying the area of habitat present within the estimated source
water by the proportional entrainment mortality estimated from Empirical Transport
Model. This approach may be useful for scaling restoration projects to help offset losses
due to entrainment. The ETM can also be used to estimate the number of equivalent
adults lost by entrainment by applying the mortality estimate to a survey of the standing
stock. This can be compared with estimates from Fecundity Hindcast and Adult
Equivalent Loss. When making these types of comparisons, it is important to hindcast or
extrapolate the Fecundity Hindcast and Adult Equivalent Loss model estimates to the
same age. This may not necessarily result in the same estimates from both models unless
the data used in the two models are derived from a life table assuming a stable age
distribution. The USEPA (2002) used Adult Equivalent Loss and another demographic



modeling approach, production foregone, to estimate the number of age-1 individuals
lost due to power plant impingement and entrainment. The accuracy of estimates from
any of these demographic models is subject to the underlying uncertainty in aging,
survival, and fecundity estimates and population regulatory, behavioral, or
environmental factors that may be operating on the subject populations at the time the
life history data were collected.

Uncertainty associated with the Empirical Transport Model is primarily derived from
sampling error that can be controlled by careful design using some of the guidelines
provided in this report. With a good sampling design, the Empirical Transport Model
provides a site-specific, empirically based approach to entrainment assessment that is a
major improvement over demographic modeling approaches. In addition, the results
can be used to estimate entrainment effects on other planktonic organisms, in estimating
cumulative effects of multiple power plants and other sources of mortality, and in
scaling restoration efforts to offset losses due to entrainment. The authors hope that the
information in this report will assist others in the design and analysis of cooling water
intake system assessments that will be required as a result of the recent publication of
new rules for Section 316(b) of the Clean Water Act (USEPA 2004).



CHAPTER 1: INTRODUCTION

Steam electric power plants and other industries (for example, pulp and paper, iron and
steel, chemical, manufacturing, petroleum refineries, and oil and gas production) use
water from coastal areas for cooling resulting in impacts to the marine organisms
occupying the affected water bodies. Industries that withdraw cooling water from
surface water bodies are regulated in the United States under Section 316(b) of the Clean
Water Act of 1972 [33 U.S. Code Section 1326(b)]. Section 316(b) requires “...that the
location, design, construction, and capacity of cooling water intake structures reflect the
best technology available for minimizing adverse environmental impacts.” Of the
industries regulated under section 316(b), steam electric power plants have the largest
cooling water volumes ranging from tens of thousands to millions of cubic meters per
day (m3 d-1) (Veil et al. 2003). A survey in 1996 reported that 44 percent of the power
plants in the United States used a steam electric process involving once-through cooling
(Veil 2000). Electricity is generated at these plants by heating purified water to create
high-pressure steam, which is expanded in turbines that drive generators and produce
electricity (Figure 1). After leaving the turbines, steam passes through a condenser
where high volume cooling water flow cools and condenses the steam, which is then
recirculated back through the system.

Regulatory guidance for complying with Section 316(b) that was first proposed by the
U.S. Environmental Protection Agency (EPA) in 1976 was successfully challenged in the
courts by a group of 58 utility companies in 1977 and never implemented (Bulleit 2000).
As a result, Section 316(b) was implemented by the states using a broad range of
approaches; some states developed fairly comprehensive programs while others never
adopted any formal regulations (Veil et al. 2003). The EPA has recently published new
regulations for 316(b) compliance (USEPA 2004) as part of the settlement of a lawsuit
against the EPA by environmental groups headed by the Hudson Riverkeeper (Nagle
and Morgan 2000). As a result of these new regulations, power plants throughout the
United States are now required to reduce the environmental effects of their cooling
water intake systems (CWIS).

The withdrawal of water by once-through cooling water systems has two major impacts
on the biological organisms in the source water body: impingement and entrainment
(Figure 1). Almost all power plants with once-through cooling employ some type of
screening device to block large objects from entering the cooling water system
(impingement). Fishes and other aquatic organisms large enough to be blocked by the
screens may become impinged if the intake velocity exceeds their ability to move away.
These organisms will remain impinged against the screens until intake velocity is
reduced such that organisms can move away or the screen is backwashed to remove
them. Some organisms are killed, injured, or weakened by impingement. Small



planktonic organisms or early life stages of larger organisms that pass through the
screen mesh are entrained in the cooling water flow. These organisms are exposed to
high velocity and pressure due to the cooling water pumps, increased temperatures and,
in some cases, chemical treatments added to the cooling water flow to reduce biofouling.

Turbine

Low Pressure Steam T

Rotating Screens
(screen mesh 3/8 x 3/8in. or 1/8 x 1/2in.)

Condenser Tubes
Impingement
(macroinvertebrates,
fishes, drift eelgrass)

Condensate

~Z Circulating

\Water Pumps

Entrained Organisms

Fish Return
Trough

Entrainment .
(small planktonic L H ae
organisms, including N Lk\)/
larval fishes and invertebrates)

Thermal
Discharge

Figure 1. Conceptual diagram of power plant cooling water systems at
South Bay, Morro Bay, and Diablo Canyon Power Plants, and
relationship of impingement and entrainment processes to circulating
water system. A fish return trough is present only at the South Bay
Power Plant.

Most impingement and entrainment (316[b]) studies on CWIS effects at power plants
were completed in the late 1970s and early 1980s using draft guidance issued by the EPA
(USEPA 1977). More recently, many power plants throughout the country began to
upgrade and expand their generating capacities due to increased demands for power.
The California Energy Commission (Energy Commission), which had regulatory
authority for these projects in California, required utility companies to determine the
impacts of these CWIS changes. Although existing CWIS are regulated in California
through National Pollution Discharge Eliminations System (NPDES) permits issued by
the nine Regional Water Quality Control Boards (RWQCB) in the state, the projects done
under the regulatory authority of the Energy Commission also required coastal zone
permits under the California Coastal Act and therefore were conducted in compliance



with the California Environmental Quality Act (CEQA). The Energy Commission and
the RWQCBs required new studies in anticipation of the publication of new EPA
regulations, but also because data on CWIS impacts were not available for some of the
plants and studies at other plants were usually over 20 years old. As a result, the authors
had the opportunity in California to develop approaches to assessing CWIS impacts that
might prove useful to researchers at power plants throughout the United States. These
studies involved regulatory agency staff, scientists, consultants, and industry
representatives, usually meeting and working under the heading of Technical
Workgroups. This collaborative process was first used for studies at the Pacific Gas &
Electric Company Diablo Canyon Power Plant and was initiated and directed by
Michael Thomas at the Central Coast Regional Water Quality Control Board
(CCRWQCB) (Ehrler et al. 2003). This process was also used on studies for plant
repowering projects under Energy Commission and RWQCB review at the Moss
Landing, Morro Bay, Potrero and Huntington Beach power plants.

This paper focuses on methods for assessing only entrainment effects (not impingement)
and, specifically, entrainment effects on ichthyoplankton. Entrainment affects all types
of planktonic organisms, but most studies do not assess holoplankton (phytoplankton
and zooplankton that are planktonic for their entire life) because their broad geographic
distributions and short generation times reduce the effects of entrainment on their
populations. In contrast, the potential for localized effects on certain fish populations is
much greater, especially for power plants located in riverine or estuarine areas where a
large percentage of the local population may be at risk of entrainment (Barnthouse et al.
1988, Barnthouse 2000). Although the potential for similar effects exists for certain
invertebrate meroplankton (for example, crab and clam larvae), taxonomy of early larval
stages of many invertebrates is not sufficiently advanced to allow for assessments at the
species level. The different larval stages of many invertebrates may also require different
mesh sizes and sampling techniques that increase the costs and complexity of a study. In
contrast, as a result of programs such as the California Coastal Oceanographic Fisheries
Investigations (CalCOFI) program, operating since 1950, ichthyoplankton of the West
Coast have been well described, and long-term data sets exist on the abundances of
many larval fishes (Moser 1996).

The best-documented and most extensive 316(b) studies from the period of the late 1970s
and early 1980s were from the Hudson River power plants (Barnthouse et al. 1988,
Barnthouse 2000). Impacts of cooling water withdrawals from three plants were
extensively studied using long-term, riverwide sampling and analyzed using
mathematical models designed to predict the effects on striped bass and other fish
populations. After many years of debate surrounding a lawsuit, the case was settled out
of court. Two of the most important factors in laying the groundwork for the settlement
were the converging estimates of the effects from different researchers and the



development of models that estimated conditional mortality from empirical data that
reflected the “complex interactions of a host of factors” and helped identify the “relative
importance of each component of the analysis” (Englert and Boreman 1988).

Numerous demographic modeling approaches have been proposed and used for
projecting losses from CWIS impacts (Dey 2003). Equivalent adult (Horst 1975,
Goodyear 1978), production foregone (Rago 1984), and variations of these approaches
and models (Dey 2003) translate entrainment losses of egg and larval stages into
equivalent units (adult fishes, biomass, and so forth) that otherwise would not have
been lost to the population. Although these models are the most commonly used
methods for CWIS assessment and were used by the EPA to support the new 316(b)
regulations (USEPA 2004), there can be problems with their application and
interpretation. The models require life history parameters (larval duration, survival,
fecundity, and so forth) that are available for only a limited number of species, generally
those managed for commercial or recreational fishing. Our experience has shown that on
the California coast, taxa (the term “taxa’ [‘taxon’ singular] is used to refer to individual
species or broader taxonomic categories that cannot be identified to species) that are
usually entrained in highest numbers are small, forage fishes that have very limited life
history information available.

However, these models are attractive because their interpretation appears to be
straightforward since they convert larval forms into “equivalent units” that are more
easily understood by the public, regulators, and managers. The estimates of numbers or
biomass of fish from the models can also be added to losses from impingement and
compared with commercial or recreational fishery data to provide cost estimates of the
losses. Unfortunately, these interpretations are available for only a few taxa, there is
usually no scale for determining the significance of the losses to the source water
populations, and the studies are only done for a one- to two-year period, not accounting
for inter-annual variation in larval abundances. The source water population is the
abundance of organisms at risk of entrainment as determined by biological and
hydrodynamic/oceanographic data.

Our assessments included a modified version of the Empirical Transport Model (ETM)
(Boreman et al. 1978, 1981), which circumvented the problems with existing
demographic modeling. This model was first developed for use with power plants
entraining water from rivers, but MacCall et al. (1983) used the same general approach
for entrainment assessments at power plants on the open coast and in estuaries in
Southern California. In contrast to demographic models, it does not require detailed life
history information. The ETM provides an estimate of the mortality caused by
entrainment to a source water population independent of any other sources of mortality,
such as conditional mortality (Ricker 1975). Inherent in this approach is the requirement



for an estimate of the source water population of larvae affected by entrainment. The
ETM is based on the same principles used in fishery management to estimate effects of
fishing mortality on a source water population or stock (Boreman et al. 1981, MacCall et
al. 1983). Although not specifically required for calculating estimated losses, an estimate
of the source water population is also required to provide a context for the losses
estimated by demographic models.

The process of defining the source water and obtaining an estimate of its population
varies among studies and among taxa within studies. This paper will present the
multiple modeling approaches used for power plant entrainment assessments, with the
main focus being a comparison of the processes used to define the source water
populations used in the ETM modeling from three power plants in California, South Bay
Power Plant (SBPP), Morro Bay Power Plant (MBPP), and Diablo Canyon Power Plant
(DCPP), which represent a range of marine and estuarine habitats (Figure 2). This
comparison allows us to compare the approaches and assess the influence of the source
water on the proportional mortality of affected fish and invertebrate larval taxa.

The source water population definitions for the three studies were based on the
hydrodynamic and biological characteristics of the water bodies where the facilities
were located. This is necessary to characterize the sources of the water that is drawn into
a power plant. This is fairly simple if the source of cooling water is a lake that is so well
mixed that the larval concentrations are uniform. In this case the only necessary
information to estimate the mortality on the larvae is the volume of the lake and the
plant cooling water volume. In this simple example, the mortality is the ratio of the
cooling water volume to the source water volume since the concentration of larvae
entrained will be equal to the concentration in the source water. In the case of SBPP,
samples were collected throughout the entire source water since the larval composition
in the habitats within the south part of San Diego Bay were potentially different even
though the source water volume for SBPP was treated as a closed system similar to the
lake in the above example. The source water for MBPP included both bay and ocean
components requiring biological sampling in both locations and calculations to include
the effects of tides on the source water. The effects of ocean currents affected the source
water potentially entrained for DCPP and the ocean component of the MBPP source
water. As a result, the source water potentially affected by entrainment was much larger
than the areas sampled for these two studies requiring additional measurements and
modifications to the model. The many factors that need to be considered in the design of
these kinds of studies can be examined by comparing the different approaches taken at
the three facilities.
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Figure 2. Locations of Morro Bay (MBPP), Diablo Canyon (DCPP), and
South Bay power plants (SBPP).

During the course of these studies, the authors have modified the assessment
approaches, and this process has continued as the authors have participated in
additional, more recent studies. Therefore, one of the additional purposes of this paper
is to present these more recent changes in assessment methods even though they may
differ from methods presented in the three example studies.

The experiences resulting from these studies are especially pertinent with the recent
publication of new rules for Section 316(b) of the Clean Water Act (USEPA 2004), and
Energy Commission and California Coastal Commission (CCC) requirements for
modernizing power plants in California. The new 316(b) rules require that information
on the source water body be submitted as part of 316(b) compliance (40 CFR
125.95[b][2]). Although not stated in the new rules, it seems appropriate that CWIS
impacts would be evaluated based on the source water body information. The Energy
Commission and CCC have required this in recent studies and most likely will continue
this practice. Hopefully the information in this paper will assist others in the design and
evaluation of CWIS assessments that will be required under the new rules.
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CHAPTER 2: METHODS

Power Plant Descriptions

The studies to be presented as examples were conducted at three power plants: SBPP,
MBPP, and DCPP (Figure 2). The CWIS for all three plants share several features:
shoreline intake structures with stationary trash racks that consist of vertical steel bars to
prevent larger objects and organisms from entering the system and traveling water
screens (TWS) located behind the bar racks that screen out smaller organisms and debris

from the system (Figure 1).

Entrainment occurs to organisms that pass through the smaller mesh of the TWS. These
organisms are exposed to increased temperatures and pressures as they pass through
CWS. The surfaces of the piping in the CWS can be covered with biofouling organisms
that feed on organisms that pass through the system. Although studies have shown that
there may be some survival after CWS passage (Mayhew et al. 2000), most of these
studies were conducted at power plants in rivers and estuaries on the East Coast or in
the Gulf of Mexico where biofouling was not recognized as a large problem compared
with coastal environments. In addition, these studies only examined survival after
passage through the system and did not include comparisons of intake and discharge
concentrations where losses due to cropping should be factored into CWS survival. For
example, during testing used to determine the appropriate entrainment sampling
location, losses between the intake and discharge at the Moss Landing Power Plant
sometimes exceeded 95 percent and were always greater than 50 percent (Pacific Gas
and Electric Co. 1983). For these reasons, our assessments of CWS effects have assumed
that entrained organisms experience 100 percent mortality.

The SBPP, operated by Duke Energy, is located on the southeastern shore of San Diego
Bay in the city of Chula Vista, California, approximately 16 km north of the U. S. —
Mexican border (Figure 3). The plant draws water from San Diego Bay for once-through
cooling of its four electric generating units, which can produce a maximum of 723 MW
(Table 1). With all pumps in operation, maximum water flow through the plant is 1,580
m3min-1 (2.3 million m3d-1).

11
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Figure 3. Location of South Bay Power Plant entrainment (SB01) and
source water stations and detail of power plant intake area. Shaded
areas represent regions of the bay used in calculating bay volumes.

The MBPP, operated by Duke Energy, is located on the northeastern shoreline of Morro
Bay, which is approximately midway between San Francisco and Los Angeles,
California (Figure 4). The plant draws water from Morro Bay for once-through cooling
of its four electric generating units, which can produce a total of 1,002 MW (Table 1).
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With all pumps in operation, water flow through the plant is 1,756 m3min-1 (2.53
million m3d-1). Morro Bay studies were done as part of the permitting requirements for
an upgrade to the plant that result in a decrease in flow to 1,086 m3min-1 (1.56 million
m3d-1). Therefore, all of the entrainment estimates and modeling were calculated using
this flow rate.

Table 1. Characteristics of the South Bay (SBPP), Morro Bay (MBPP), and
Diablo Canyon (DCPP) power plants.

Number of
Power Total Maximum Number of
Generating Megawatt (MW) Circulating Total Maximum
Power Plant Units Electric Output Water Pumps Daily Flow (m?)
SBPP 4 723 8 (2/unit) 2.3x10°
MBPP 4 1,002 8 (2/unit) 2.5x10°
DCPP 2 2,200 4 (2/unit) 9.7x10°

The DCPP, operated by Pacific Gas and Electric Company, is located on the open coast
midway between the communities of Morro Bay and Avila Beach on the central
California coast in San Luis Obispo County (Figure 5). The intake structure for the plant
is located behind two breakwaters that protect it from waves and surge. The plant has
two nuclear-fueled generating units that can produce a total of 2,200 MW (Table 1). With
the main pumps and smaller auxiliary seawater system pumps in operation, total water
flow through the plant is 6,731 m3min-1 or (9.7 million m3d-1).

Source Water and Source Population Definitions

The concept of defining the source water potentially affected by CWS operation is
inherent in the assessment process but was not defined as a necessary component of a
316(b) assessment until the recent publication of the new 316(b) rules. The new rules
require all existing power plants with CWS capacities greater than 189,000 m3d-1 to
complete a Comprehensive Demonstration Study that includes a qualitative description
of the source water. A more detailed quantitative definition of source water is not
necessary for demographic modeling approaches but is required to place calculated
losses into context. The Empirical Transport Model (ETM) requires a more specific
definition since the model calculates the conditional mortality due to entrainment on an
estimate of the population of organisms in the source water that are potentially subject

to entrainment.
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14




Pacific

Ocean
Pacific
Ocean A
Intake
Montana oD
de Oro © S4 Current Meter !
State Park Entrainment *
0 01 02 0.4 Km Sampling
i — Locations

Depth Contours
20 Meters
40 Meters
60 Meters

San Luis
0 1 2 4 6 8 10 Kilometers

Figure 5. Locations of Diablo Canyon Power Plant (DCPP) entrainment
stations (A, B, C, D, in insert) and source water sampling grid.

15




Critical to properly defining the source water for these studies was physical data that
was collected either during the studies or from other sources to estimate the volume of
the areas sampled and the total size of the source water. At SBPP and MBPP,
hydrographic data collected for the study from several sources was used to estimate
volume of the two water bodies. That volume was used as the total source water volume
for SBPP. In addition to the volume of Morro Bay, current data from offshore and
information on tides was used to estimate the total source water volume that included
both bay and ocean components. Data from the same current meter used in the DCPP
study were used in the MBPP study to calculate an average current speed over the
period of January 1, 1996 — May 31, 1999. Current direction was ignored in calculating
the average speed. The current speed was used to estimate unidirectional displacement
over the period that the larvae in the sampling area offshore from Morro Bay were
exposed to entrainment (described below). At DCPP, hydrographic data from National
Oceanic and Atmospheric Administration was used to estimate the volumes of each of
the 64 nearshore sampling stations (described below). In addition, data on alongshore
and onshore current velocities were measured using an InterOceans 54 current meter
positioned approximately 1 km west of the DCPP intake at a depth of approximately 6
m (Figure 5). The direction in degrees true from north and speed in cm/s were estimated
for each hour of the nearshore study grid survey periods. These data were used to
estimate the size of the area that could have acted as a source for larvae in the nearshore
sampling area (described below).

South Bay Power Plant

The SBPP draws ocean water 