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DISCLAIMER

This paper was prepared as the result of work by members of the staff of 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 paper; nor does any party
represent that the uses of this information will not infringe upon privately owned rights.
This paper 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 paper.



Acknowledgements
J. Largier (UC Davis) and E. McPhee-Shaw (Moss Landing Marine Laboratories)
reviewed and contributed to the discussion of cumulative impacts. S. Beck (MBC

Applied Environmental Sciences) provided comments on a partial draft of the
paper.



Table of Contents

ACKNOWIEAGEMENLES .........oiiiiiiiiiiiiiiiiie bbb i
Table of CONENtS ... ii
Executive SUMMArY ... 1
Goals Of The Staff REPOIt ........uuiiie e 3
Recommendations And POliCy OPtiONS...........uuuuiiiiiiiiiiiiiiiiiiiiiiieeeee 4
Chapter 1:Introduction .............co e 7
The State Of The OCEAN...... oo 7
The Status Of California’s Coastal Waters ..............oiiiiiiiiiiiii e 7
Real And Potential Impacts Of California’s Coastal Power Plants............................ 9
Chapter 2:Overview Of Once-Through Cooling Systems And Their Impacts........ 10
AN S e 10
CO0lING SYSEEIM. ... 10
ENtrainmeEnt ... e eeeenaaes 11
IMPINGEMENT ...ttt ettt e e e e e e e e e e eeeees 19
Thermal And Other Impacts Of The Discharge............cooovvviiiiiiiiiiiiiiiiiiiiiiiiiiiiieeee 19
Cumulative IMPACES ......ooeeeeeee e 20
Chapter 3 - Assessing IMpPacts........cceuuiiiiiiiiiiinic s 21
AN S e 21
Standardize Impact Assessments Based On Sound Science..............ccccovveeeeeenn. 21
Chapter 4 - Environmental Impacts Of Once-Through Cooling In California......... 22
AN S e 22
Coastal Power Plants Withdraw Billions Of Gallons Of Seawater Per Day............. 22
Only Adequate Studies Will Assess Ecological Effects Of Seawater Use For
00 NG et 24
Thermal Impacts Are Site SPeCIfiC........coovi i 25
Impingement And Entrainment Impacts Equal The Loss Of Biological
Productivity Of Thousands Of Acres Of Habitat...............ccccciiiiiiiiiiiiiie 26
The Assessment Of The Cumulative Impacts Of Entrainment From California
Coastal Power Plants Is In Its INfanCy ... 30

Cumulative Impacts From Impingement At Southern California Coastal Power
Plants May Be 8 To 30 Percent Of The Fish Caught In The Southern California

Recreational FISNEIY......... . e e i 31
The Cumulative Impacts Of Entrainment, Impingement And Other Factors Is
1O g T Yo PRSPPI 31
Once-Through Cooling Systems Affect Special Status Species............ceeevveevnnnnnnn. 32
Chapter 5:The Regulatory Environment In California........cccccccceeiiiiiiimmiieccciiiiiinnns 33
AN S e 33
Laws Applicable To Once-Through Cooling Systems..............ccccciiiiiiiiiiiiiiiiiiiins 33
California’s Existing Legal Framework Is Complex And Poorly Integrated ............. 38
Chapter 6:Mitigating, Reducing And Eliminating Impacts Of Once-Through
0o o 1 T 40



AN S e 40
Alternative Cooling Systems That Can Eliminate Most If Not All Once-Through

(@70 To] 19T I 1n 1] 7= Lo £ 0O 41
Chapter 7:Economic Costs Of Once-Through Cooling Impacts.............cccceeviiinenn. 53
AN S e 53
Placing A Value On Ecological Losses To Once-Through Cooling.............ccc......... 53
Recent Studies Have Used Different Approaches To Estimate The Economic
Value Of Resources Lost To Once-Through Cooling.........cccevvvviiiiiiiiiiiiiiiiiiiiieennne. 56
Examples Of Economic Analysis Of Once-Through Cooling Impacts..................... 56
REFEIENCES ... .. e e e e e e e enaees 67
Y o T 0 =Y Lo 1T o= 74
Y o] o= o o [ 1 PSP 74

An Assessment Of The Studies Used to Detect Impacts to Marine Environments
by California’s Coastal Power Plants Using Once-Through Cooling (Draft

Consultant Report by Dr. Michael FOSter)........oooooiii 74
Appendix 1 Addendum: Author Responses to Reviewer's Comments on
Y o] o= o o [ 1 SRR 74

Appendix 2: Summary of Assumptions, Methods, and Analyses Used In Recent
Studies To Assess The Impacts of Power Plants That Use Seawater For Once-
Through Cooling, and Conceptual and Research Approaches To Improve

Assessment of Entrainment and Cumulative Impacts..............iiiii s 74

Appendix 3: Research Recommendations From The Energy Commission Pier

L AT T AT 2 o RS 74

Appendix 4: Economic Costs of Once-Through Cooling Impacts ........................... 74

ENANOTES ... .o e eeeeennaes 75
TABLES

Table 1 Entrainment Impacts of California Power Plants Data from AEG (2002) and Foster (2005)

unless otherwise noted ND = no data or no accurate data available * = fished species ............. 15

Table 2 Discharge environments, impacts, and mitigation for thermal discharges from California

coastal power plants with once-through cooling. (Impacts and mitigation from Foster (2005)
UNIESS OthEIWISE NOTEA)....cciiiiiiiitii et sb e b bbb sreesreesree s 27

Table 3 Annualized Average Cost Ranges in 2002 Dollars for Fish Protection Technologies Based

(0] oToT o I 1] (o] (o D - | - SRR 45

Table 4 Summary of Economic Analyses of the Environmental Impacts of Impingement and

ENtrainmeEnt iN CalifOrNIa .........uueiiieieeiieieiiieeieeeeeeeeeeeeeeeeeeeeeesesssasesesssassssasssssssssssssssssssssssssssssssssssssnnnnns 58



EXECUTIVE SUMMARY

The purpose of this California Energy Commission (Energy Commission) staff report
is to assess issues associated with once-through cooling impacts in the context of
growing scientific and public policy concerns about the viability of California’s coastal
bay and estuarine ecosystems. California marine and estuarine environments are in
decline and the once-through cooling systems of coastal power plants are
contributing to the degradation of our coastal waters. Over the past several years,
the Energy Commission has reviewed five coastal power plant applications and
been faced with the challenge of how to determine the impacts of proposed new or
repowered power plants that use once-through cooling and what should be done to
mitigate the impacts. Given the widespread public and government agency
concerns about the impacts to coastal ecosystems from California’s coastal power
plants that use once-through cooling and the difficulty in determining the economic
and ecological costs of these systems, the Energy Commission may want to
consider potential policy options to address these issues.

The biological resources of the world’s oceans and California’s coast in particular
are in serious decline. Up to 30 percent of fish stocks are overexploited, the size
and water quality of estuaries have been greatly reduced, toxins and plastic wastes
have become ubiquitous constituents of the world’s oceans, harmful algal blooms
appear to be more frequent, increased shipping has led to increases in invasive
species, and nutrient runoff from land has led to coastal eutrophication and ocean
dead zones. In California, 60 percent of the fish species for which landings are
reported appear to have declined since the early 1970s. California’s Ocean Action
Plan recognized the evolution in understanding that the marine environment has
been overexploited to the point that its biological integrity and the viability of
economies that depend on it are threatened. Reflecting recent national and State
reports and Acts, this ocean protection strategy and the establishment of the
California Ocean Protection Council is further recognition of the acute need to
develop policies that restore the marine environments of the State, and “increase the
abundance and diversity of aquatic life in California’s ocean, bays, estuaries, and
coastal wetlands.”

California’s coastal power plants are partly responsible for ocean degradation.
Recent studies required by the California Energy Commission and other State
agencies have shown that coastal power plants that use seawater for once-through
cooling are contributing to declining fisheries and the degradation of estuaries, bay
and coastal waters. These power plants indiscriminately ‘fish’ the water in these
habitats by killing the eggs, larvae, and adults when water drawn from the natural
environment flows through the plant (entrainment impacts) and by killing large adult
fish and invertebrates that are trapped on intake screens (impingement impacts).
These facilities also affect the coastal environment by discharging heated water
back into natural environments. Most impacts are to early life stages of fish and
shellfish. It is difficult to understand the magnitude of the impact of once-through



cooling systems because of a lack of adequate and standardized studies of
entrainment. It also is difficult to put an economic value on these ecological losses.

The 21 California coastal power plants (generating capacity 23,910 megawatts
(MW)) that use once-through seawater for cooling occur along the entire length of
the State from Humboldt Bay to San Diego Bay, with the majority (13) south of Point
Conception in Southern California. Together they are permitted by Regional Water
Quality Control Boards, and some also by the Energy Commission, to use nearly 17
billion gallons per day (BGD) of coastal and estuarine water for cooling. Except the
Potrero Unit 7 project, which was withdrawn, all of the coastal power plants that
have come before the Energy Commission to date have been re-licensed to use
their once-through cooling system. The seawater that is used in the once-through
cooling systems of these power plants is not just water. It is habitat and contains an
entire ecosystem of phytoplankton, fishes, and invertebrates.

Withdrawal of cooling water removes billions of aquatic organisms, including fishes,
fish larvae and eggs, crustaceans, shellfish and many other forms of aquatic life
from California water each year. Most impacts are to early life stages of fish and
shellfish. A lack of adequate and standardized impact studies of entrainment makes
it difficult to understand the magnitude of the impact of once-through cooling
systems. Appendix 1 contains an analysis of the studies used to detect impacts to
the marine environment by California’s coastal power plants that use once-through
cooling. Only seven of the 21 coastal power plants have recent studies of
entrainment impacts that meet current scientific standards; all of these recent
studies have found adverse impacts of entrainment. Entrainment losses quantified in
these studies are equivalent to the loss of productivity of thousands of acres of
coastal habitat. Impingement impacts add to the entrainment losses because often
the same species that lose early life stages to entrainment lose adults and larger
juveniles to impingement. Thermal impacts tend to be site specific and may be
significant for some power plants and insignificant for others.

The cumulative ecological effects of coastal power plant entrainment and
impingement relative to all impacts to coastal waters, while likely to be of concern,
are difficult to quantitatively estimate given the number of different impacts, the large
spatial scales over which they occur, difficulties in attributing changes in populations
to any particular impact, and lack of knowledge about impact interactions.

The legal and regulatory framework regarding once-through cooling systems for
power plants in California consists of a multi-layered assortment of federal, state,
regional and local laws that are neither fully integrated nor consistently applied
throughout the state. Various laws and policies related to once-through cooling are
administered by different agencies that have not always worked together in a
consistent manner to address the impacts of once-through cooling on California’s
coastal ecosystems. Recently, in September 2004 the U.S. Environmental
Protection Agency released a new federal rule under Section 316(b) of the Clean



Water Act to reduce impingement and entrainment from existing power plants that
use once-through cooling.

Use of alternative cooling technology, such as recirculating cooling (cooling towers)
or air cooled condensers (dry cooling) have the potential to either greatly reduce the
impacts of once-through cooling or eliminate the impacts entirely. In fact, 95 percent
of the power plants licensed in California since 1996 have used alternative cooling
technology rather than once-through cooling. Flow reduction options are operational
approaches to reduce the volume of cooling water used on a seasonal or daily basis.
Other approaches to reducing entrainment and impingement can be grouped into
location and design. Location options refer to actually moving the location of the
intake to reduce entrainment or impingement while design options include
reconfiguration of the intake structure through the addition or modification of intake
screens and fish handling/return systems.

Methods to reduce impingement and entrainment that do not involve alternative
cooling or flow reduction have not been found to be feasible and/or effective at most
California coastal power plants. Because changing to an alternative cooling method
or retrofitting an existing intake may be costly or technically challenging, mitigation
for the impacts of once-through cooling systems often takes the form of habitat
restoration.

Placing an economic value on ecological losses would be useful to make
appropriate decisions regarding requirements to retrofit intakes or employ other
technologies to reduce once-through cooling impacts; however, doing so is difficult.
While placing dollar values on changes in the natural environment can be
controversial, economic analyses, when carefully developed and clearly presented,
can provide important information for the public, corporate decision-makers, public
policymakers, and regulators (for example, helping the public understand the relative
magnitude of economic benefits relative to the costs of facility modifications required
to achieve such benefits). Different methods have been used to estimate the value
of ecological losses to once-through cooling systems in recent power plant studies,
and in most cases the ecological losses were estimated to be millions of dollars
although market losses of commercially and recreationally important species
generally were much less.

Goals of the Staff Report

Given the health of California’s estuarine and coastal water and the impacts of once-
through cooling, do the environmental costs exceed their economic benefits?
Energy Commission staff developed six specific goals for this staff report to address
this question.

* Place once-through cooling impacts within larger scientific and public
concerns about ocean resources.

* Quantify and interpret, to the extent allowable by available data, the water
uses and ecological effects of once-through cooling. Lack of sufficient



scientific information is a major issue in understanding the role and impacts of
once-through cooling systems in California. Data and knowledge from the five
recent coastal re-powering cases before the Energy Commission helped
inform this section of the paper, as did recent consultant reports on optimal
study designs, existing monitoring data, and supporting studies for each of
the 21 coastal power plants. This section also discusses impact assessment
and potential mitigation strategies based on results from the Energy
Commission’s Public Interest Energy Research program.

* Review impact assessment protocols being developed by state and federal
regulatory agencies as a result of new scientific knowledge and significant
changes to federal Clean Water Act Section 316(b) permit regulations.

* Discuss the manner in which State of California agencies with permit and
California Environmental Quality Act compliance authority interpret and
implement the new regulations and the growing body of scientific evidence
about once-through cooling effects will also be discussed.

* Examine costs and feasibility issues associated with alternative cooling
technologies and water sources that can eliminate once-through cooling
impacts at California coastal power plants.

* Present possible policy options for consideration by the Energy Commission.

Recommendations and Policy Options
Staff suggests that the Energy Commission consider doing the following:

California Ocean Protection Council

The Energy Commission has an opportunity through the new California Ocean
Protection Council (Council) to coordinate with other agencies, environmental
organizations and the concerned public to address once-through cooling issues.
Ocean protection and restoration is a major policy initiative for the Schwarzenegger
administration. The Council is charged with implementing the California Ocean
Protection Act of 2004 (SB 1319) and it would provide an appropriate forum for
agencies and concerned environmental groups to develop state-wide policies to
address the impacts of once-through cooling. The Energy Commission may want to
consider working through the Ocean Protection Council in developing methods to
educate responsible agencies, industry, and the public regarding the impacts of
once-through cooling and to develop and support statewide policies to address the
impacts of once-through cooling.

Develop A New Policy For Siting Cases

The Commission could develop a policy similar to the one adopted in 2003 for
conservation of freshwater sources. The new Commission policy could state “The
Energy Commission may approve once-through cooling by power plants it licenses,
or for licenses it amends related to cooling system modifications, only where
alternative water supply sources or alternative cooling technologies are shown to be



both environmentally undesirable and economically unsound.” The Commission
interprets “environmentally undesirable” to mean the same as having a significant
adverse environmental impact,” and “economically unsound” to mean “economically
or otherwise infeasible.”

Create Incentives to Promote the Use of Alternative Cooling

Costs have kept project owners from readily utilizing alternatives to once-through
cooling. The impetus created by requiring power plants to implement Phase Il
cooling water intake structure improvements by January 8, 2008, in accordance with
Section 316(b) of the Clean Water Act, may not be adequate financial incentive by
itself to encourage replacement of once-through cooling with alternative cooling
technologies. The Energy Commission could explore methods to create financial
incentives that would encourage project owners to adopt alternatives to once-
through cooling. Otherwise, older power plants will likely continue using once-
through cooling and thus continue coastal species and ecosystem impacts
indefinitely.

Update the Energy Commission Data Adequacy Regulations

The Energy Commission is in the process of updating the Biological Resources 12-
month Data Adequacy Regulations to provide a much broader explanation of the
types of studies and data that needs to be provided as part of a complete application
to the Energy Commission for a power plant project proposing to use or currently
using once-through cooling. Updating these regulations would be consistent with
the language found in the 2005 MOA between the Energy Commission and the
Coastal Commission regarding the need for applicants to provide a discussion of the
project’s compliance with California Coastal Act section 31413(d) and the need for a
current and site-specific analysis of entrainment impacts.

Require Current Impact Studies For Licensing Analyses

The Energy Commission may want to adopt a policy that requires filing of a current
impacts study with an application for any power plant that proposes the use of once-
through cooling. The Energy Commission may also want to consider developing a
standardized impact analysis protocol for power plant siting cases. Staff has begun
to develop a standardized impact analyses protocol as described in Appendix 3 of
this paper. Without a valid assessment based on sound science, the Energy
Commission cannot meet its obligations and address those impacts, determine their
significance and what, if any, mitigation is necessary.

Obtain Current Impact Analyses For All California Coastal Power
Plants

Current impact analyses are lacking for approximately two-thirds of California’s
coastal power plants. None of the nine power plants in the Santa Monica Bay region
have current impact studies. The Energy Commission could work with other
concerned agencies through the Ocean Protection Council to develop site specific



and cumulative impact studies for all Santa Monica Bay power plants. As part of this
study, the Energy Commission could help investigate and identify local alternative
cooling water sources such as recycled water supplies from wastewater treatment
facilities. The Energy Commission Public Interest Energy Research program could
coordinate the impact studies under the current contract with Moss Landing Marine
Laboratories to help generate sufficient information to complete a sound cumulative
impacts analysis.

With Interested Stakeholders, Create Standardized Approaches To
Regulations and Policies

With the other responsible agencies, the Energy Commission could update the
current Memoranda-of-Understanding/Agreement with the State Water Quality
Control Board, Regional Water Quality Control Boards, and the California Coastal
Commission to develop a consistent regulatory approach to once-through cooling
power plants and Best Available Retrofit Technology to help minimize impacts. This
would create a clear, standardized approach to administering the regulations and
policies that relate to once-through cooling. Other state and federal agencies may
want to participate in the Memoranda-of-Understanding.



CHAPTER 1:INTRODUCTION

“Your report is a wake-up call that the oceans are in trouble and in need of help.”
Governor Arnold Schwarzenegger (in response to U. S. Commission on Ocean
Policy 2004 Report).

The State of the Ocean

It was once assumed that the marine environment was so vast that its habitats and
life within them were essentially limitless and its biological integrity immune to
abuse. The use of the environment as a resource would, therefore, have little
impact. Policies and regulations were crafted accordingly. We now know the
assumption was naive and the impacts of humankind are significant. The 1969
Stratton Report (USCMSER 1969), the first comprehensive review and
recommendations concerning U.S. ocean policy, was written at a time when ocean
fisheries were booming, concern centered on competition for ocean resources with
foreign fleets, and emerging technology could enable the U.S. to more completely
exploit this “last frontier.” While the report recognized potential environmental
problems from overexploitation, particularly in the coastal zone, the emphasis was
on increased use. In a similar review 25 years later, the U.S. Commission on Ocean
Policy (USCOP 2004) came to a very different conclusion: “Unfortunately, our use
and enjoyment of the ocean and its resources have come with costs, and we are
only now discovering the full extent of the consequences of our actions.” This was
also the conclusion of the recent review sponsored by The Pew Charitable Trusts
(POC 2003): up to 30 percent of fish stocks are overexploited, the size and water
quality of estuaries have been greatly reduced, toxins and plastic wastes have
become ubiquitous constituents of the world’s oceans, harmful algal blooms appear
to be more frequent, increased shipping has lead to increases in invasive species,
and nutrient runoff from land has led to coastal eutrophication and ocean dead
zones. The frontier is gone. The recommended federal policy is now sustainability,
stewardship, ecosystem based management, and preservation of biodiversity,
implemented by coordinated regulation and adaptive management based on the
best available science and information (USCOP 2004).

The Status of California’s Coastal Waters

A similar policy evolution has occurred in California. The 1971 California Department
of Fish and Game review, “California’s Living Marine Resources and Their
Utilization,” recommended greater utilization of fisheries resources and encouraged
the development of more effective fishing gear, markets and harvesting methods for
“‘underutilized marine resources” (Frey 1971). While potential problems with oil,
pesticide and sewage pollution were recognized, the outlook was for continued,
productive fisheries. A similar report in 1992 (Leet et al. 1992) noted that by this time
landings from California fisheries had declined from over 900 million pounds in 1976
to less than 400 million pounds. This was attributed primarily to changes in the tuna
fishing industry. Few policy changes were recommended. The report highlighted
new fisheries.



California’s Coastal Waters Are Ailing

The evidence for declining fisheries and better understanding of ecological
relationships between fisheries and the condition of the ecosystems that support
them continued to increase. These factors finally led to the California’s Marine Life
Management Act in 1998, Marine Life Protection Act in 1999, and Ocean Protection
Act in 2004. These Acts define new marine resource management policies for
California similar to those recommended for the nation in 2004 by the U.S.
Commission on Ocean Policy. The Ocean Protection Act established the California
Ocean Protection Council to make these policies more effective, efficient, and
coherent. In the California Department of Fish and Game’s 2001 review of
California’s living marine resources, the word “utilization” was absent from the title
(Leet et al. 2001). With its primary purpose still that of providing baseline information
on the status of California fisheries, the report noted concerns about sustainability of
nearshore fisheries and habitat degradation. The data in the report indicate that of
the species for which trends in landings were reported, 60 percent appear to have
declined since the early 1970s. These data are based on commercial fish catches
and can reflect changes in fishing practices and markets, not just changes in fish
populations. Independent data on the abundance of fished species, including data
from species killed on power plant intakes screens in Southern California (Herbinson
et al. 2001) indicate these are real population declines. There is no doubt that fish
populations may vary in abundance related to natural changes in oceanographic
conditions including short term El Nifios and longer term variation such as decadal
oscillations. Anthropogenic (human-caused) impacts, however, can magnify natural
declines. As Parrish and Tegner (2001) concluded in their review of the effects of
fisheries and oceanographic change on California’s fish populations, “It is clear that
over the next decade a major research effort will have to be made to better
understand the climatic connection and that fishery management will have to
consider policies to reduce exploitation rates when species are impacted by adverse
climatic factors.”

This evolution in understanding that the marine environment has been overexploited
to the point that its biological integrity and the viability of economies that depend on
it are threatened is most recently recognized in California’s Action Strategy
(CRA/USEPA 2004). Reflecting recent national and state reports and acts, this
ocean protection strategy and the establishment of the California Ocean Protection
Council is further recognition of the need to develop policies that restore the marine
environments of the state, and “increase the abundance and diversity of aquatic life
in California’s ocean, bays, estuaries, and coastal wetlands.” The actions listed
include focusing on ecosystems rather than species-by-species management,
facilitation of projects and programs that restore and protect coastal and nearshore
resources, habitats, and water quality and increasing the efficiency and
effectiveness of efforts to achieve these goals by reducing fragmentation of planning
and regulation among responsible agencies.



Real and Potential Impacts of California’s Coastal Power
Plants

Once-Through Cooling Systems Contribute to the Degradation of
California’s Coastal Waters

California’s coastal power plants are partly responsible for this ocean degradation.
Recent studies required by the California Energy Commission and other state
agencies, performed by environmental consulting firms, and assisted by technical
working groups that include outside experts in marine biology, ecology, and impact
assessment, have shown that coastal power plants that use once-through seawater
for cooling are contributing to declining fisheries and the degradation of estuaries,
bays and coastal waters. These power plants indiscriminately “fish” the water in
these habitats by killing the eggs, larvae, and adults when water drawn from the
natural environment flows through the plant (entrainment impacts), by killing large
adult fish and invertebrates that are trapped on intake screens (impingement
impacts), and by discharging heated water back into natural environments (thermal
impacts). The U.S. Environmental Protection Agency (USEPA), based in part on
recent studies at some California power plants, now concurs that this may be a
significant problem (USEPA 2004). There are currently 21 coastal power plants in
California totaling 23,910 megawatts of generation capacity. USEPA regulations,
administered by California Regional Water Quality Control Boards, permit the use of
nearly 17 billion gallons of estuarine, bay and coastal water each day for cooling.
Most of these power plants were constructed prior to 1980 when, as discussed
above, and there was little knowledge of once-through cooling impacts on the
marine environment. Thus, as with fishing, it was reasonable to assume that power
plant impacts would be negligible.



CHAPTER 2:OVERVIEW OF ONCE-THROUGH
COOLING SYSTEMS AND THEIR IMPACTS

Findings:

* Once-through cooling with seawater is an effective and relatively inexpensive
cooling method for coastal power plants.

* Withdrawal of sea water for once-through cooling systems kills marine
organisms by drawing them with the sea water through the power plant
(entrainment) and by pinning them against the intake screens (impingement).

* The sea water entrained by power plants is habitat with high biodiversity.
Millions of eggs and larvae of marine fishes and invertebrates are removed
with sea water used for cooling.

* Impingement results in the death of large fishes and invertebrates and its
impacts are similar to those of a fishery.

* The thermal impacts of particular plants have been large when discharges
occur in bays and estuaries with reduced mixing or into the open coast where
heated water quickly contacts rocky habitat.

* Each once-through cooling system may interact with other impacts to stress
coastal ecosystems in ways that are not well understood.

Cooling System

Once-Through Cooling Is Affordable and Effective, But It Kills
Marine Life

Once-through cooling with seawater is used in power generation because seawater
is free, abundant, and cold. Ignoring environmental damage, it is an effective and
relatively inexpensive method for re-condensing super-heated steam after it has
been used to generate power. There is a positive linear relationship between
electricity generated and volume of ocean water needed for cooling for most
California coastal power plants that use fossil fuels (Figure 1). Comparatively, the
nuclear power plants at San Onofre and Diablo Canyon use much more water per
amount of electricity generated, while the fossil fuel power plant at Moss Landing
uses less due to the recent addition of combined-cycle generators. Combined,
California coastal power plants are permitted by State Regional Water Quality
Control Boards to use nearly 17 billion gallons (~ 64 Mm?® or 52,000 acre-feet) of
seawater every day. For perspective, if San Francisco Bay had no water flowing into
it and this volume of water was removed from it, the Bay would be drained dry in
~100 days.

Seawater used for cooling is drawn through intakes by pumps, and passes through
traveling screens [generally 3/8” (0.95 cm) mesh] to remove large organisms and

10



debris before entering the plant. Organisms and debris pinned against the screens
(impinged) are removed and discarded (Figure 2). The water (and all organisms
smaller than 3/8”) are then drawn into the power plant (entrained) to absorb waste
heat to condense steam. The organisms are also subjected to mechanical stress,
pressure changes, and residual anti-fouling chemicals during entrainment. Some of
the entrained organisms may be consumed by animals that live attached to the
habitable parts of the cooling system. The temperature of the cooling water is
increased by ~ 20° F (11° C). The heated water is finally discharged back into the
environment in a location that minimizes re-entrainment of the heated water.

Entrainment

Impingement and entrainment are commonly called 316(b) impacts because they
are regulated by the USEPA under Section 316(b) of the Clean Water Act.

Sea Water Is Habitat, Not Just Water

What is killed during entrainment? The shallow, well mixed, well lit, and nutrient rich
estuarine and coastal marine waters are highly productive and diverse ocean
habitats. They contain a variety of small, photosynthetic plants (phytoplankton) and
numerous small animals (zooplankton; e.g., copepods) that reside entirely in the
water, and other zooplankton that are the young stages (eggs and larvae) of larger,
adult animals that live in the water or on the bottom — fishes, abalone, crabs,
lobsters, and clams, among many others (Figure 3). The larvae commonly depend
on phytoplankton and other zooplankton in the water for food as they grow. Coastal
waters are also habitat for gametes, spores and seeds of many types of seaweed,
sea grasses, and marsh plants, the adults of which live attached to intertidal and
shallow subtidal bottoms.

The great diversity and abundance of plants and animals that live in the water
entrained in coastal power plants in California is clear from Figure 3, but may be
underestimated. Phytoplankton data for California were not available in a suita<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>