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Benefits Analysis for the Final 316(b) Existing Facilities Rule Chapter 1: Introduction

1 Introduction

EPA is issuing the final rule implementing section 316(b) of the Clean Water Act (CWA) to address the
environmental impacts of cooling water intake structures (CWIS). The withdrawal of cooling water from
streams, rivers, estuaries and coastal marine waters by CWIS causes adverse environmental impacts

(AEI) to aquatic biota and communities in these waterbodies. These impacts are caused through several
means, including impingement mortality (where fish and other aquatic life are trapped on equipment at
the entrance to the CWIS and entrainment (where aquatic organisms, including eggs and larvae, are
pulled into the cooling system, passed through the heat exchanger, then discharged back into the source
body). Additional adverse effects are often associated with CWIS operation, including nonlethal effects of
impingement, thermal discharges, chemical effluents, flow modifications caused by these facilities, and
other impacts of variable and unknown magnitudes.

The final rule would establish national performance requirements for the location, design, construction,
and capacity of CWIS. It is designed to minimize the AEI caused by CWIS through reduction of volume,
frequency, and/or seasonality of water withdrawals. The final rule will significantly reduce impingement
mortality and entrainment (IM&E), as well as reduce the magnitude of other impacts (i.e., thermal,
chemical, and flow alteration) on aquatic ecosystems. Thus, changes in CWIS design or operation
resulting from the final rule are likely to result in enhanced ecosystem function and increased ecological
services provided by affected waterbodies.

The two broad categories of regulated facilities include: (1) electric generators and (2) manufacturers.
These facilities include existing electric generators and manufacturers with a design intake flow (DIF) of
at least 2 million gallons per day (mgd) that use at least 25 percent of the water (measured on an average
annual basis for each calendar year) exclusively for cooling purposes.

EPA is required to conduct a benefit-cost analysis under Executive Orders 12866 and 13563 for
economically significant rules. This report presents the methods EPA used for the environmental
assessment and benefits analysis of the regulatory options. EPA had three main objectives: (1) to develop
a national estimate of the baseline magnitude of IM&E at regulated facilities; (2) to estimate changes in
IM&E of fish and invertebrates as a result of the rule; and (3) to estimate the national economic benefits
of reduced IM&E.

This report describes the regulatory options that EPA considered, and identifies the types of economic
benefits that are likely to be generated by improved ecosystem functioning under different regulatory
options. The report also presents the basic concepts involved in analyzing these economic benefits—
including benefit categories and benefit taxonomies associated with market and nonmarket goods and
changes in ecological services likely to result from reduced IM&E. Specific chapters of the report detail
the methods used to estimate values for reductions in IM&E. The organization of this analysis is
described in Section 1.3.

The analysis conducted in support of the final rule and discussed in this report is based on data generated
or obtained in accordance with EPA’s Quality Policy and Information Quality Guidelines. EPA’s quality
assurance (QA) and quality control (QC) activities for this rulemaking include the development, approval
and implementation of Quality Assurance Project Plans for the use of environmental data generated or
collected from all sampling and analyses, existing databases and literature searches, and for the
development of any models which used environmental data. Unless otherwise stated within this
document, the data used and associated data analyses were evaluated as described in these quality
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Benefits Analysis for the Final 316(b) Existing Facilities Rule Chapter 1: Introduction

assurance documents to ensure they are of known and documented quality, meet EPA's requirements for
objectivity, integrity and utility, and are appropriate for the intended use.

1.1 Summary of the Final Rule and Other Options Considered

EPA considered regulatory options for existing units and new units at existing facilities. The options
apply only to existing facilities with a DIF for cooling water of 2 mgd or greater. EPA considered three
options for the existing units based on two technologies:

» Proposal Option 4: IM for Facilities > 50 mgd. Establish impingement mortality controls at all
existing facilities that withdraw over 50 mgd; determine entrainment controls for facilities greater
than 2 mgd DIF on a site-specific basis.

» Final Rule — Existing Units: IM Everywhere. Establish impingement mortality controls at all
existing facilities that withdraw over 2 mgd; determine entrainment controls for facilities greater
than 2 mgd DIF on a site-specific basis.

» Proposal Option 2: IM Everywhere and E for Facilities > 125 mgd. Establish impingement
mortality controls at all existing facilities that withdraw over 2 mgd DIF; require flow reduction
commensurate with closed-cycle recirculating systems for entrainment control by facilities
greater than 125 mgd DIF.

Proposal Options 4 and Proposal Option 2 above correspond to Options 4 and 2 from EPA’s analysis for
the proposed rule (USEPA 2011) with some modifications. The final rule is Option 1 from the proposed
rule with the same modifications. The final rule will establish entrainment controls for facility greater
than 2 mgd DIF on a site-specific basis, as would Proposal Option 4. Findings presented in this document
assume that facilities with impoundments will qualify as having closed-cycle recirculating systems in the
baseline. As a result, EPA estimated zero IM&E reductions for these facilities under the final rule and
other options considered; however, these facilities remain subject to today’s rule and are assigned
administrative costs. To the extent that some of these facilities do not qualify as having closed-cycle
recirculating systems in the baseline, the monetized benefits reported in this document may be
underestimates.!

EPA considered four regulatory options for new units at existing facilities. Stand-alone new units are
newly built units adjacent to existing units and repowered units are existing units that have been wholly or
partially demolished and rebuilt or upgraded on the same site.

» Option A: Entrainment performance requirements for all standalone new units and all types of
repowered units.

» Option B: Entrainment performance requirements for all stand-alone new units, and replaced or
repowered units in which turbine or condenser are newly built or replaced.

» Option C: Entrainment performance requirements for all stand-alone new units, and repowered
new units where the turbine and condenser are newly built or replaced, but excluding high
efficiency systems.

» Final Rule — Option D: Entrainment performance requirements for all stand-alone new units
only.

EPA notes that the vast majority of these facilities occur in the Inland benefits region. Any underestimation in monetized
benefits due to the treatment of facilities with impoundments is likely to be minor because commercial fishing benefits and
nonuse benefits are not estimated for the Inland region.
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Refer to Section VI of the preamble for a more complete description of the final rule and other options
considered for existing and new units.

This report presents EPA’s analysis of environmental and economic benefits for the final rule and the
other options considered described above. EPA also presents monetized values for baseline IM&E losses
at existing facilities. The associated benefits estimates equivalent to benefits if all baseline IM&E losses
were to be eliminated. EPA emphasizes that this not a regulatory option and that it presents baseline
values for illustration purposes only.

EPA discounted and annualized benefits for the final rule and other options considered following three
steps. First, EPA developed a time profile of benefits to show when benefits occur. Second, the Agency
calculated the total discounted present value of the benefits as of the year 2013. Finally, EPA annualized
the benefits of the final rule and other options considered, over a 51-year time span. Refer to Appendix D
for additional detail regarding discounting and annualization.

1.2 Study Design

EPA’s analysis of the regulatory options examined CWIS impacts and regulatory benefits in seven study
regions. EPA defined the study regions on the basis of ecological similarities within regions (e.g.,
freshwater versus marine, similar communities of aquatic species), and on characteristics of commercial
and recreational fishing activities. The seven study regions are: California?, North Atlantic, Mid Atlantic,
South Atlantic, Gulf of Mexico, Great Lakes, and Inland. The Great Lakes region includes all facilities
located on the Great Lakes, the Inland region includes all other freshwater facilities, and the remaining
five regions include coastal and estuarine facilities. Sections 1.2.1, 1.2.2, and 1.2.3 provide additional
detail regarding the definition of each region. National estimates are the sum of regional estimates. Table
1-1 presents the number of regulated facilities that participated in the Section 316(b) Industry Surveys and
their total actual intake flow by study region. EPA excluded facilities that it classifies as baseline closures
from all totals and figures presented throughout this document, including Table 1-1. Baselines closures
are also excluded from all totals and figures presented throughout this document. EPA classifies an
electric generating facility as a baseline closure if it has retired all steam operations since the 316(b)
survey was conducted or if EPA expects that it will retire its steam capacity by 2021, according the 2011
EIA-860 Database published by the Energy Information Administration (EIA) and U.S. Department of
Energy (DOE). For manufacturers, baseline closures are facilities showing materially inadequate financial
performance in the baseline. Refer to Appendix H of the Economic Analysis (EA) for additional detail
regarding baseline closures.

The facility universe includes facilities that are subject to state regulations for CWIS in California and
New York. The California state regulation requires closed-cycle recirculating systems for coastal electric
generating facilities while the New York state regulation requires closed-cycle recirculating systems for
all in-state facilities with DIF greater than or equal to 20 mgd. Fourteen surveyed facilities fall within the
scope of the California state regulation and 32 surveyed facilities fall within the scope of the New York
state regulation.® EPA determined that the state regulations are at least as stringent as the final rule and
other options considered. Facilities within the scope of the state regulations would be subject to the
requirements of the final rule, but they may not be required to install additional technologies to reduce
IM&E under the final rule. Within the benefits analysis for the 316(b) rule, EPA assigns these facilities
baseline levels of IM&E that are commensurate with compliance with the state regulations. These

2 Includes four regulated facilities in Hawaii.

3 These counts exclude 6 California facilities and 5 New York facilities which EPA classifies as baseline closures.
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facilities do not influence the occurrence and magnitude of benefits under the final rule, similar to other
facilities which already meet the requirements of the final rule.

EPA has determined that 280 surveyed facilities currently satisfy the IM performance standard
established by the final rule or use one of several compliant technologies to achieve this goal, including
all facilities that are subject to the California and New York state regulations described above. Although
these 280 facilities are subject to the requirements of the final rule, they may not be required to install
technologies in order to comply with the final rule. Thus, these facilities have not been factored into the
benefits analysis for the final rule.

Table 1-1: Number of Facilities and Total Mean Operational Flow, by Region""’b

Flow
Region Number o_f_S_urveyed (billions of gallons per day)
Facilities Non-Recirculating Recirculating
- L Total Flow
Facilities Facilities
California® 21 10.65 0.00 10.65
Great Lakes 50 16.24 0.24 16.47
Inland® 566 107.56 18.06 125.62
Mid-Atlantic 46 24.69 0.07 24.76
Gulf of Mexico 22 10.14 0.05 10.18
North Atlantic 21 5.93 0.00 5.93
South Atlantic 12 5.91 0.05 5.96
All Regions 738 181.12 18.46 199.58

# This table presents counts of unweighted facility counts and flow for surveyed facilities (excluding baseline closures). The regional
study design for the benefits analysis weights based on flow rather than facility counts. EPA did not developed weighted facility
counts by benefits region. The “All Regions” total of 738 surveyed facilities includes 532 electric generating facilities and 206
manufacturing facilities, excluding baseline closures. The total (weighted) estimated universe of facilities, excluding baseline
closures, is 1,065 facilities.

® The facility counts and flow presented in this table include facilities which are subject to state regulations for CWIS in California
and New York. Within the benefits analysis for the 316(b) rule, EPA assigns these facilities baseline levels of IM&E that are
commensurate with compliance with the state regulations.

¢ Recirculating facilities are facilities with closed-cycle recirculating systems or impoundments that qualify as closed-cycle
recirculating systems. Non-recirculating facilities includes facilities with CWIS classified as once-through.

9 The California region includes four facilities in Hawaii. There are no coastal facilities in Oregon and one costal facility in
Washington is classified as a baseline closure.

¢ A facility in Texas has intakes located in both the Inland and Gulf of Mexico regions. It is included within the Inland region within
in the table to prevent the double counting of facilities.

Source: U.S. EPA analysis for this report.

1.2.1 Coastal Regions

The five coastal regions (California, North Atlantic, Mid-Atlantic, South Atlantic, and Gulf of Mexico)
correspond to regions defined by the National Oceanic and Atmospheric Administration’s (NOAA)
National Marine Fisheries Service (NMFS). These regions include facilities that withdraw cooling water
from estuaries, tidal rivers and ocean facilities within the NMFS regions.

Coastal regions are defined as follows. The California region includes all coastal, estuarine or tidal
facilities in the state of California, plus four facilities in Hawaii. The North Atlantic region encompasses
coastal, estuarine, or tidal facilities in Maine, New Hampshire, Massachusetts, Rhode Island, and
Connecticut. The Mid-Atlantic region includes all coastal, estuarine or tidal facilities in New York, New
Jersey, Pennsylvania, Delaware, Maryland, the District of Columbia, and Virginia. The South Atlantic
region includes all coastal, estuarine or tidal facilities in North Carolina, South Carolina, Georgia, and the
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east coast of Florida. Finally, the Gulf of Mexico region includes coastal, estuarine or tidal facilities in
Texas, Louisiana, Mississippi, Alabama, and the west coast of Florida. Coastal regions include a total of
123 facilities.

1.2.2 Great Lakes Region

The Great Lakes region is defined in accordance with the CWA to include facilities withdrawing cooling
water from Lake Superior, Lake Michigan, Lake Huron (including Lake St. Clair), Lake Erie and Lake
Ontario, and the connecting channels (Saint Mary’s River, Saint Clair River, Detroit River, Niagara
River, and Saint Lawrence River to the Canadian border) (Great Lakes 1990). The Great Lakes region is
comprised of 50 facilities.

1.2.3 Inland Region

The Inland region includes all regulated facilities that withdraw water from all inland waterbodies such as
freshwater streams and rivers, lakes, reservoirs (excluding those included within the Great Lakes Region)
regardless of geographical location. There are 566 such facilities in 39 states (including states with both
coastal and inland facilities).

1.3  Organization of the Document

Chapter 2 provides information on the baseline conditions of the water bodies affected by regulated
facilities. To obtain regional IM&E estimates, EPA extrapolated loss rates from facilities for which IM&E
data are available (hereafter, model facilities), to all regulated facilities within the same region. EPA’s
extrapolation methods for, and results from, regional IM&E models are described in Chapter 3.

EPA provides an overview of all benefits (Chapter 4) and investigates several benefit categories in detail,
including: benefits from improved protection of threatened and endangered (T&E) species (Chapter 5),
commercial fishing benefits (Chapter 6), recreational fishing benefits (Chapter 7), and nonuse benefit
transfer (Chapter 8). Chapter 9 presents benefits estimates based on the social cost of carbon. Chapter 10
summarizes benefits for existing units estimated using the methodologies described in Chapters 5 through
9. EPA also used the preliminary results of a its 316(b) stated preference study to illustrate potential
willingness to pay (WTP) for aquatic ecosystem improvements (Chapter 11). Chapter 12 presents benefit
estimates for new units at existing facilities based on benefits methodologies described in Chapter 5
through 9. Chapter 13 summarizes total national benefits for existing and new units at regulated facilities.

Additional details regarding EPA’s benefits analysis are presented in Appendix A through Appendix I.
Appendix A presents the extrapolation methods used by EPA to analyze the benefits from reducing
IM&E at regulated facilities; Appendix B describes potential ecological effects due to thermal discharges;
Appendix C presents detailed output from IM&E models; Appendix D discusses economic discounting
and the expected timing of benefits; Appendix E presents a list of T&E species likely impacted by IM&E;
Appendix F provides details on the methodologies used to estimate the effects of IM&E on T&E species,
and the benefits from the section 316(b) rule; Appendix G presents EPA’s analysis of the potential for
IM&E reductions to impact the market price of commercially fished species; Appendix H presents details
of the benefits of IM&E on commercial fishing by region; and Appendix | presents detailed regional
results of the effects of IM&E on recreational fishing benefits.
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2 Baseline Impacts

2.1 Introduction

This chapter provides a brief summary of adverse environmental impacts from the IM&E of fish and
invertebrates in CWIS used by electric power and manufacturing facilities subject to the final rule under
section 316(b) of the CWA.

CWIS impacts do not occur in isolation from other ongoing physical, chemical, and biological stressors
on aquatic habitats and biota in the receiving waterbody. Additional anthropogenic stressors may include,
but are not limited to: degraded water and sediment quality, low dissolved oxygen (DO), eutrophication,
fishing pressure, channel or shoreline (habitat) modification, hydrologic regime changes, and invasive
species. For example, many aquatic organisms subject to the effects of cooling water withdrawals reside
in impaired (i.e., CWA 303(d) listed) waterbodies. Accordingly, they are potentially more vulnerable to
cumulative impacts from other anthropogenic stressors (USEPA 2006a). The effect of these
anthropogenic stressors on local biota may contribute to or compound the local impact of IM&E,
depending on the influence of location-specific factors. In addition to multiple stressors acting on biota
near a single CWIS, multiple facilities and CWIS located in close proximity along the same waterbody
may have additive or cumulative effects on aquatic communities (USEPA 2006a).

Although it is difficult to measure, an aquatic population's compensatory ability—the capacity for a
species to increase survival, growth, or reproduction rates in response to decreased population —is likely
compromised by IM&E and the cumulative impact of other stressors in the environment over extended
periods of time (USEPA 2006a). These cumulative impacts may lead to subtle, less-easily observed
changes in aguatic communities and ecosystem function. These secondary impacts are difficult to isolate
from background variability, partly because of the limited scope and inherent limitations of the data
available to characterize IM&E.

Since the aquatic habitat quality and health of the biotic community are shaped by the cumulative effect
of many factors, it is important to characterize the environmental context of baseline impacts. This will
permit comparisons between the relative influences of CWIS-related stressors and other factors, and result
in a more accurate estimate of the environmental impact of the final rule.

This chapter provides a qualitative description of baseline IM&E impacts and anthropogenic stressors
found in aquatic environments affected by CWIS.

2.2 Major Anthropogenic Stressors in Aquatic Ecosystems

All ecosystems and biota are subject to natural variability in environmental conditions (e.g., seasonal
perturbations), as well as periodic large-scale disturbances in environmental settings (e.g., drought, flood,
fire, disease). Indigenous aquatic species and communities are adapted to this natural variability, such that
large-scale events elicit a predictable loss, response and recovery cycle. Conversely, anthropogenic
stressors tend to be more chronic in nature and often do not lead to recognizable recovery phases. Instead
these stressors often lead to long-term environmental degradation associated with lowered biodiversity,
reduced primary and secondary production, and a lowered capacity or resiliency of the ecosystem to
recover to its original state in response to natural perturbations (Rapport and Whitford 1999).

Anthropogenic stressors are present to some degree in all major waterbodies of the United States, and are
the result of many different impacts (Table 2-1). Four of the more important stressors include: (i) habitat
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loss; (ii) degraded water quality and sediment contamination; (iii) extractive uses of aquatic resources;
and (iv) invasion by non-indigenous species (Rapport and Whitford 1999). CWIS-related impacts are
listed here as a separate, fifth category of anthropogenic stress, one with many apparent similarities to
overharvesting. Other large-scale stressors, such as change in watershed land use and engineering
diversions, may be present. Thus, the true impact of CWIS on an aquatic community may be partly
masked, or difficult to detect, due to the influence of other stressors on the receiving water.

The remainder of this section summarizes effects of these four anthropogenic stressors on the waterbodies
affected by regulated facilities. CWIS impacts on the aquatic ecosystems are summarized in Section 2.3.

Table 2-1: Anthropogenic Stressors Impacting Aquatic Ecosystems Potentially Affected, Both
Directly and Indirectly, by the Final Rule and Options Considered
Impacted by the Rule
Anthropogenic Stressor Poﬁ?ggﬂ Final Rule Por;)'[?gsazl Scale of Stressor
CWIS Yes: Direct Yes: Direct Yes: Direct Local/Regional/National
Habitat loss
Development No No No Local
Eutrophication Yes: Indirect Yes: Indirect Yes: Indirect Local/Regional
Climate change No No No Regional/National/Global
Engineering diversions
Re-routing No No No Local/Regional
Eg:j/\;f?g;:sgrr]r;ents/removals/ No No Yes: Direct Local/Regional
Water impoundments/damming No No No Local/Regional
Water quality
Eutrophication Yes: Indirect Yes: Indirect Yes: Indirect Local/Regional
Loss of riparian buffer zones No No No Local/Regional
Sedimentation No No Yes: Direct Local/Regional
ﬁhemlcal pollution (organics, No No Yes: Direct Local/Regional
eavy metals, etc.)
Non-native / invasive species Yes: Indirect Yes: Indirect Yes: Indirect Local/Regional
Extractive uses (e.g. fishing) Yes: Indirect Yes: Indirect Yes: Indirect Local/Regional
Source: U.S. EPA analysis for this report

2.2.1 Habitat Loss

Structural aquatic habitat is generally recognized as the most significant determinant of the nature and
composition of aquatic communities. Human occupation and restructuring of shorelines; construction and
maintenance of harbors; installation of dams, canals, and other navigational infrastructure; draining of
wetlands for agriculture and residential uses; and degradation of critical fish habitats have all taken a
heavy toll on the numbers and composition of local fish and shellfisheries. Most regulated facilities have
been built on shoreline locations where power-generation buildings, roadways, CWIS, canals,
impoundments, and other water storage or conveyance structures have often been constructed at the cost
of natural habitat, including terrestrial, aquatic, and wetlands.

The loss of coastal and estuarine wetlands that serve as important fishery spawning and nursery areas is
particularly severe, with an estimated historical loss of 100 million acres of wetlands since the late 1700s
(Bromberg and Bertness 2005; USEPA 2010c). Critical fishery habitat loss is not restricted to nearshore
environments. Decades of fishing activities have degraded offshore bottom habitats (Auster and Langton
1999; Turner et al. 1999).
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The main impact of aquatic habitat loss is a reduction in the number of fish in the environment, a
reduction in fish spawning and nursery areas, shifts in species dominance based on available habitat, and
local extirpation of historical fish species. Habitat loss in adjacent shoreline areas exacerbates the effect of
CWIS losses, since many fish species affected by IM&E (e.g., bay anchovy, winter flounder) rely on
coastal wetlands as nursery areas.

In riverine environments, the effects of channelization and navigation can also lead to habitat loss. For
example, Tondreau et al. (1982) conducted a 10-year study of the aquatic ecosystem of the Missouri River
near the Neal Generating facility in Sioux City, IA. The investigators found that the combined effects of
channelization, heavy barge traffic, and high river flow rates had resulted in a significant loss of fish
habitat. As a result, reported IM&E is relatively minor, because local fish populations were already
greatly diminished.

2.2.2 Water Quality

Water quality is a major stressor of aquatic biota and habitats. Degraded surface water and sediment
contaminants reflect current and historical industrial, agricultural and residential land use as well as
discharges from wastewater treatment facilities. Poor water quality can limit the numbers, composition,
and distribution of fish and invertebrates; reduce spawning effort and growth rates; select for pollution-
tolerant species; cause periodic fish kills; or result in adverse effects to piscivorous wildlife.

CWA section 303(d) listings inventory, on a state-by-state basis, the locations of impaired waters not
meeting designated uses and the known or suspected source(s) of impairment. Figure 2-1 identifies
regulated facilities, those within two miles of a 303(d)-listed waterbody, and those impaired for
temperature, using a database of 303(d) waterbodies assembled in October, 2010. The map clearly shows
that facilities along the coasts, Great Lakes, and major waterways such as the Mississippi, Missouri, and
Ohio rivers are located in the vicinity of impaired waterbodies.

EPA’s analysis of regulated facilities demonstrated that the majority of facilities (74 percent) are within
two miles of a 303(d)-listed waterbody. Table 2-2 summarizes the number of regulated facilities on
waterbodies impaired by any cause, by region. These include impairment due to chemical, physical, and
biological factors, categorized into biological stressors, nutrients, organic enrichment/loading,
bioaccumulation, toxics, unknown causes, and general water quality impairment.
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The most common causes of impairment for waterbodies serving as 316(b) source waters are
polychlorinated biphenyls (PCBs), pathogens, mercury, as well as organic enrichment/oxygen
depletion and nutrients. The entire universe of all 303(d) water quality impairment causes is much
too diverse to cover fully in this section. However, below is a discussion of some of the more
common and important physico-chemical impairments in aquatic environment where regulated
facilities draw cooling water from, and discharge to, 303(d) listed waters.

> An oversupply of nutrients can result in excessive algal production, reduced light clarity,
more frequent outbreaks of harmful algal blooms (HABS), high internal loads of
biochemical oxygen demand (BOD), and spatial and temporally variable DO levels. In
addition, eutrophication can reduce or eliminate habitat-formers such as coral reefs and
submerged aquatic vegetation (SAV), and create other adverse ecological effects.
Thermal discharges from regulated facilities can increase receiving water temperature,
which may favor formation of blue-green algal blooms.

» Low levels of dissolved oxygen (hypoxia) may be present in many estuaries and coastal
waters (IWG 2010), in the hypolimnia of eutrophic lakes, and in areas of high organic
loading (e.g., below wastewater treatment plant outfalls). DO concentrations may be
further decreased in or downstream of thermal plumes arising from cooling water return
discharges from regulated facilities. Low DO can limit the distribution of fish and
macroinvertebrates, reduce growth rates, and alter nutrient and carbon recycling.

» Persistent, bioaccumulative and toxic substances (PBTs) such as mercury or PCBs may
be present in waterbodies near regulated facilities, due to atmospheric deposition of local
air emissions or from historical uses of PCBs in electrical transformer units, in addition to
other urban or industrial sources. These PBTs can impair water uses by regulatory
restrictions or advisories regarding acceptable ingestion of fish consumption (see below),
as well as affecting higher trophic level predators in the food chain.

» Toxic pollutants, such as metals, polycyclic aromatic hydrocarbons (PAHS), pesticides,
biofouling chemicals, or chlorine may be present in the discharge of regulated facilities.
This could lead to local extirpation of sensitive species, or to greatly altered biological
communities due to chronic impacts on viability, growth, reproduction, and resistance to
other stressors.

In addition to the 303(d) listings, many of the waterbodies in which the CWIS are located are
subject to fish advisories. Fish advisories are issued by States to protect their citizens from the
risk of eating contaminated fish or wildlife (USEPA 2009a). Fish advisories are recommendations
and do not carry regulatory authority, but they indicate the presence of bioaccumulative
chemicals which may pose risk for humans and piscivorous wildlife, and which may also
interfere with the reproduction and survival of taxa in lower trophic levels.*

*  Although fish advisories do not themselves carry regulatory authority, waterbodies may be included on 303(d)

lists because of persistent fish advisories resulting from the bioaccumulation of specified and unspecified toxics.
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Table 2-2: Number of Regulated Facilities on 303(d)-listed Waterbodies, by Impairment

and Region®

Impairment Calfornia | iies | 101209 | atanic | Mexico | Atantic| tantis| T
Regulated Facilities 21 50 566 46 22 21 12 738
Biological Stressors
Noxious Aquatic Plants 1 1
Nuisance Exotic Species 3 3 6
Pathogens 6 9 85 5 1 9 4 119
Nutrients
Algal Growth 1 1
Nutrients 9 37 3 1 2 6 58
Organic Enrichment / Loading
82%72 t||i> rl?nrlchment, Oxygen 2 6 43 1 5 3 6 66
Sediment 2 3 15 2 22
Persistent, Bioaccumulative, Toxic (PBTSs)
Dioxins 2 13 12 2 29
Fish Consumption Adviso
Pollutant Uns%ecified > 3 ! 1 1
Mercury 3 24 85 3 2 2 119
PCBs 9 45 122 10 2 1 189
Pesticides 10 11 15 36
Physical Alterations
Flow Alteration 4 4
Habitat Alteration 1 7 8
Temperature 6 3 9
Turbidity 21 1 2 24
Toxics
Ammonia 1 1 2
Chlorine 1 1
Metals (Other Than Mercury) 5 4 37 6 1 53
Total Toxicity 7 4 2 1 14
Toxic Inorganics 1 1 2
Toxic Organics 3 8 2 13
Unknown / Other Causes
Cause Unknown 8 8
Cause Unknown - Fish Kills 1 1
(B:?gtsae Unknown - Impaired 2 2 12 2 18
Other Cause 3 1 4
Water Quality Use Impairments (General)
Oil And Grease 4 3 7
pH 3 7 10
Salinity, TDS, Sulfates
Chlori()jl’es l ’ ! ! 6 8
Taste, Color And Odor 3 1 4
All Impairment Categories
One or More Impairments 18 46 [ 398 | 38 | 12 [ 20 [ 11 [ 543
# Waterbodies may be listed for multiple impairments and facilities may be counted in more than one row.
Source: U.S. EPA analysis for this report
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EPA’s 2008 National Listing of Fish Advisories (NLFA) database indicates that 97 percent of the
advisories are due (in order of importance) to: mercury, PCBs, chlordane, dioxins, and DDT
(USEPA 2009a). Fish advisories have been issued for 39 percent of the total river miles
(approximately 1.4 million river miles) and 100 percent of the Great Lakes and connecting
waterways (USEPA 2009a). Fish advisories have been steadily increasing over the NLFA period
of record (1993-2008), but these increases are interpreted to reflect the increase in the number of
waterbodies being monitored by States and advances in analytical methods rather than increasing
levels of these problematic chemicals.

The water quality impacts arising from the combination of operations and/or discharges of
regulated facilities and other anthropogenic sources (as indicted by the presence of widespread
fish advisories) could result in highly degraded or altered aquatic communities that may be
further reduced by IM&E.

2.2.3 Overharvesting

Overharvesting is a general term which describes the exploitation of an aquatic population (e.g.,
fish, shellfish, and kelp) in an unsustainable fashion to the point of reducing or even eliminating
much of the population. Stocks of commercial and recreationally important species are reduced as
a result of fishing, but such fish catches may be sustainable if sufficient recruitment of juveniles
into the fishery can replace population losses from fishing and other stressors.”> Unfortunately for
many aquatic species, overharvesting has a long history and in many instances has preceded
impacts by other competing anthropogenic stressors by several centuries (Jackson et al. 2001).

Many species (and fishery stocks) subject to IM&E are also subject to overharvesting. For
example, the 2011 NMFS stock status report indicated that 14 percent of federally monitored fish
stocks were being fished at rates above the maximum sustainable yield (“overfishing”), while 21
percent of species are considered over-exploited (“overfished”) (NMFS 2012c); many of these
fish stocks are also subject to IM&E. Table 2-3 lists 10 groups of species subject to IM&E that
are overfished or subject to overfishing. Additional detail regarding the status of stocks is
provided in Chapter 6 on commercial fishing benefits. Notably, this assessment does not include
many important fishery species not subject to federal regulation that may be subject to high
IM&E, nor does this assessment consider threatened and endangered (T&E) species.

Severe overfishing can drive species to ecological insignificance, where the overfished
populations no longer interact meaningfully in the food web with other species in the community,
or even to extinction (Jackson et al. 2001). The collapse of the Great Lakes whitefish fisheries has
been shown to be principally due to overfishing, although habitat alteration and introduction of a
non-indigenous (exotic) invader (sea lamprey) were also contributory (Rapport and Whitford
1999).

® Recruitment is the number of young fish that enter into a population.
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Table 2-3: Depleted Commercial Fish Stocks Subject to IM&E

Stock or Stock Complex

Status of Stock?

Stock Region

Surfperches Overfished but not subject to overfishing® California

Atlantic Cod Overfished or subject to overfishing North Atlantic
Windowpane Overfished but not subject to overfishing North Atlantic
Winter Flounder Overfished but not subject to overfishing North Atlantic
Flounders Overfished or subject to overfishing North Atlantic

Atlantic Menhaden

Subject to overfishing but not overfished

North Atlantic/South Atlantic

American Shad

Overfished

North Atlantic/Mid-Atlantic

Weakfish Overfished but not subject to overfishing North Atlantic/Mid-
Atlantic/South Atlantic

Alewife Overfished Mid-Atlantic

Tautog Overfished and subject to overfishing Mid-Atlantic

# Species group may consist of many individual component species with conflicting stock statuses. The most common stock
status among the component species was designated the Status of Stock for the species group.

b"Perch" species were used as a proxy for Surfperch.

Source: NMFS 2012¢ and U.S. EPA analysis for this report

224

Invasive Species

Non-indigenous, invasive species (NIS) are a significant and increasingly prevalent stressor in
both freshwater and marine environments (Cohen and Carlton 1998; Ruiz et al. 1999).
Approximately 300 NIS are established in marine and estuarine habitats of the continental United
States, and that rate of invasion is rapidly increasing (Ruiz et al. 2000). Aquatic NIS are
taxonomically diverse and include plants, fish, crabs, snails, clams, mussels, bryozoans, and
nudibranchs. Analysis of freshwater NIS indicated that between 10 to 15 percent are nuisance
species with undesirable effects (Ruiz et al. 1999). The adverse implications of marine and
coastal NIS are generally not as well-characterized as those in freshwater settings.

Interactions between NIS and other anthropogenic stressors are likely to affect the colonization
and distribution of native species subject to CWIS impacts. Thermal discharges from regulated
facilities may extend the seasonal duration of non-resident organisms, allowing transient summer
species to become permanently established in geographic areas beyond their historical range. For
example, in Mount Hope Bay, increased water temperature due to the Brayton Point Station
facility led to an increase in abundance of the predacious ctenophore Mneimiopsis leidyi as well
as increased overwintering in the Bay for this formerly seasonal resident (USEPA 2002b).

2.3 CWIS Impacts on Aquatic Ecosystems

EPA has determined that multiple types of adverse environmental impacts may be associated with
CWIS operations at regulated facilities, depending on site-specific conditions at an individual
facility. Many of these facilities employ once-through cooling water systems that impinge fish
and other aquatic organisms on intake screens if the intake velocity exceeds these organisms’
locomotive ability to move away. Impinged organisms may be killed, injured or weakened,
depending on the nature and capacity of the plant’s filter screen configuration, cleaning and
backwashing operations, and fish return system used to return organisms to the source water. In
addition, early life stage fish or planktonic organisms can be entrained by the CWIS and
subjected to death or injury due to high velocity and pressure, increased temperature, and
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chemical anti-biofouling agents in the system. This IM&E can act in concert with the other
stressors identified above.

The magnitude and regional importance of IM&E is generally a function of the operational intake
volumes and the characteristics of the aquatic community in the region (see Chapter 3 for details).
IM&E can contribute to: impacts to T&E species (Chapter 4); reductions in ecologically critical
aquatic organisms, including important elements of an ecosystem’s food chain; diminishment of
organism populations’ compensatory reserves; population declines, including reductions of
indigenous species population levels, commercial fisheries (Chapter 6), and recreational fisheries
(Chapter 7); and stresses to overall communities and ecosystems, as evidenced by reductions in
diversity or other changes in ecosystem structure or function. In addition, fish and other species
affected directly and indirectly by CWIS can provide other valuable ecosystem goods and
services, including nutrient cycling and ecosystem stability.

The impacts of IM&E occur at many levels of ecological organization and across a wide range of
environmental scales. Table 2-4 presents a summary of direct and indirect impacts of CWIS and
IM&E. The effects are identified as direct, indirect, or a combination. This table also indicates the
relative scale (local, regional, national) of the particular effect. In most cases, EPA was unable to
estimate the magnitude of these effects due to a lack of data. This section discusses a subset of
these effects.

2.3.1 Losses of Fish from IM&E

The most visible direct impact of IM&E is the loss of large numbers of aquatic organisms,
distributed non-uniformly among fish, benthic invertebrates, phytoplankton, zooplankton, and
other susceptible aquatic taxa (e.g., sea turtles). This has immediate and direct effects on the
population size and age distribution of affected species, and may cascade through food webs.

Populations of aquatic organisms decline when recruitment rates are lower than mortality rates.
Natural sources of mortality for fish species include predation, food availability, injury, climatic
factors and disease. Anthropogenic sources of fish mortality, both proximate and ultimate,
include fishing, habitat modification, pollution, and IM&E at CWIS. Reducing IM&E will
contribute to the health and sustainability of fish populations by lowering the total mortality rate
for these populations.

In some cases, IM&E has been shown to be a significant source of anthropogenic mortality to
depleted stocks of commercially targeted species. For example, IM&E [expressed as age-one
equivalents (A1E)] equal approximately 10 percent of the average annual recruitment to the
Southern New England/Massachusetts stock of winter flounder (Pseudopleuronectes americanus)
(IM&E values from Chapter 3; recruitment data from Terceiro (2008)).
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Table 2-4: CWIS Effects on Ecosystem Functions/Cumulative Impacts Potentially
Affected, Both Directly and Indirectly, by the 316(b) Rule

Category

Direct/Indirect

Local/Regional/
National

A. Impingement and Entrainment (direct and indirect effects)

Effects on Individuals

stationary eggs)

Loss of individuals (direct effects) Direct Local/Regional/National
Phytoplankton Direct Local/Regional/National
Zooplankton (excluding fish larvae/eggs) Direct Local/Regional/National
Invertebrates Direct Local/Regional/National
Fish Direct Local/Regional/National
Non-fish vertebrates Direct Local/Regional/National

Species and Population-Level Effects

Alteration.of phenology of system (function of % water Direct Local/Regional/National

reduction in stream)

Altered distribution of populations Direct Local

Altered niche space Direct Local/Regional

Altered stable age distributions of populations Direct Regional

Loss of keystone species Direct Local

Loss of T&E species Direct Regional

Novel selection pressure (e.g., negatively buoyant or Direct & Indirect | Local

Reduced/altered genetic diversity

Direct & Indirect

Regional/National

Reduced lifetime ecological function of individuals

Direct

Local/Regional

Community and Trophic Relationships

Altered competitive interactions

Direct & Indirect

Local

Disrupted trophic relationships

Direct & Indirect

Local

Disrupted control of disease-harboring insects (e.g., mosquito

Indirect & Direct

Local/Regional

larvae, etc.)

Increased quantity of detritivores Indirect Local

Loss of ecosystem engineers (due to trophic interactions) Indirect & Direct | Local

Reduced potential for energy flows (e.g. trophic transfers) Indirect Local/Regional

Species diversity and richness

Direct & Indirect

Local/Regional/National

Trophic cascades

Indirect & Direct

Local/Regional

Ecosystem Function

Altered ecosystem succession

Indirect & Direct

Local/Regional

(algae, macrophytes)

Decreased ability of ecosystem to control nuisance species

Indirect

Local

Disrupted cross-ecosystem nutrient exchange (e.g.,
up/downstream, aquatic/terrestrial)

Indirect

Regional

Disrupted nutrient cycling

Indirect & Direct

Local/Regional

stress (resilience)

Reduced compensatory ability to deal with environmental

Direct & Indirect

Regional

Reduced ecosystem resistance Indirect Local/Regional
Reduced ecosystem stability (alternate states) Indirect Local/Regional
Sediment regulation Indirect Local/Regional
Substrate regulation Indirect Local

B. Thermal Effects (direct and indirect)

breeding, etc.)

Novel selection pressure (e.g., thermal optima, location of

Direct & Indirect

Regional/National

Altered phenology Direct Local/Regional
Links between temperature and metabolism
Dissolved oxygen (physical) Direct Local
Dissolved oxygen (bacterial, respiratory rates) Indirect Local
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Table 2-4: CWIS Effects on Ecosystem Functions/Cumulative Impacts Potentially
Affected, Both Directly and Indirectly, by the 316(b) Rule

Local/Regional/

Category Direct/Indirect National
Ecological energetic demands Indirect Local/Regional
Ecological nutrient demands Indirect Local/Regional

Altered algal productivity

Direct & Indirect

Local/Regional

Shifted nutrient cycling

Indirect & Direct

Local/Regional

C. Chemical Effects (anti-foulants, etc.)

Altered survival/growth/production

Indirect & Direct

Local

Altered food web dynamics

Indirect

Local

D. Altered Flow Regimes (local and system-wide)

Altered flow velocity

Direct & Indirect

Local/Regional

Altered turbulence regime

Direct & Indirect

Local/Regional

E. Cumulative Impacts (as a concentrated number of facilities)

May push systems over the edge of nonlinearities in the
system

Direct/Indirect

Local/Regional

Intensified CWIS effects (as above, Section B.)

Direct/Indirect

Local/Regional

Intensified thermal effects (as above, Section B.)

Direct/Indirect

Local/Regional

Source: U.S. EPA analysis for this report

In addition to its impact on stocks of marine commercial fish species, IM&E increases the
pressure on native freshwater species, such as lake whitefish (Coregonus clupeaformi) and yellow
perch (Perca flavescens), whose populations have seen dramatic declines in recent years (USDOI
2008; Wisconsin DNR 2003). Although recovery of these species is greatly affected by fisheries
policy (e.g., NEFSC 2008), IM&E represent an additional source of mortality to fish populations
being harvested at unsustainable levels.

Overall, IM&E is likely to contribute to reduction in the population sizes of species targeted by
commercial and recreational fishers, particularly for stocks that are undergoing rebuilding.
Although these reductions may be small in magnitude compared to fishing pressure (Lorda et al.
2000), and often difficult to measure due to the low statistical power of fisheries surveys, a
reduction in mortality rates on overfished populations is likely to increase the rate of stock
recovery. Although researchers know less about the population biology of forage fish not targeted
by fishers, similar benefits are likely to accrue for these species. Overall, reducing IM&E may
lead to more-rapid stock recovery, a long-term increase in commercial fish catches, increased
population stability following periods of poor recruitment and, as a consequence of increased
resource utilization, an increased ability to minimize the invasion of exotic species (Shea and
Chesson 2002; Stachowicz and Byrnes 2006).

For many fish species, IM&E may not lead to measurable reductions in adult populations. These
losses, however, are likely to reduce the compensatory ability of populations to respond to
environmental variability, including temperature extremes, heavy predation, disease, or years
with low recruitment. Additionally, because predation rates are often directly related to the
concentration of available prey, IM&E may lead to indirect population effects, whereby
reductions in a prey fish may indirectly result in reductions to predator species or increases to
species in apparent competition (Holt 1977).

Moreover, IM&E represents a novel selective pressure for fish populations. Consequently,
populations may be selected for resistance to IM&E (through behavioral or physiological
changes) at the expense of other, more “natural” evolutionary pressures. Although this may help
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sustain populations in the short term, it may reduce genetic diversity and population stability in
the long-term.

2.3.2 IM&E Effects on T&E species

T&E species are species vulnerable to future extinction or at risk of extinction in the near future,
respectively. Due to low population sizes, IM&E from CWIS may represent a substantial portion
of the annual reproduction of T&E species. Consequently, IM&E may either lengthen population
recovery time, or hasten the demise of these species. For these reasons, the population-level and
social values of T&E losses are likely to be more important than the absolute number of losses
that occur.

Adverse effects on T&E species due to water withdrawals by CWIS may occur in several ways:
> Populations of T&E species may suffer increased mortality as a consequence of IM&E.

» T&E species may suffer indirect harm if the CWIS substantially alters the food web in
which these species interact.

» T&E species may suffer indirect harm if the CWIS substantially alters habitat that is
critical to their long-term survival.

Chapter 5 provides detail on CWIS impacts on T&E species.

2.3.3 Thermal Effects

Once-through cooling water systems release heated effluent as a byproduct. Concerns about the
impacts of heated effluents are addressed by provisions of CWA section 316(a) rule. Most of the
facilities subject to 316(b) IM&E concerns have also been required to address the impact of
thermal pollution in the discharge-receiving waters (Abt Associates 2010b).

Thermal pollution has long been recognized as having effects upon the structure and function of
ecosystems (Abt Associates 2009). Numerous studies have shown that thermal discharges may
substantially alter the structure of the aquatic community by modifying photosynthetic (Bulthuis
1987; Chuang et al. 2009; Martinez-Arroyo et al. 2000; Poornima et al. 2005), metabolic, and
growth rates (Leffler 1972), and reducing levels of DO. Thermal pollution may also alter the
location and timing of fish behavior including spawning (Bartholow et al. 2004), aggregation, and
migration (USEPA 2002b), and may result in thermal shock-induced mortality for some species
(Ash et al. 1974; Deacutis 1978; Smythe and Sawyko 2000). Thus, thermal pollution is likely to
alter the ecological services provided by ecosystems surrounding facilities returning heated
cooling water into nearby waterbodies.

Adverse temperature effects may also be more pronounced in aquatic ecosystems that are already
subject to other environmental stressors such as high biochemical oxygen demand (BOD) levels,
sediment contamination, or pathogens. Thermal discharges may have indirect effects on fish and
other vertebrate populations through increasing pathogen growth and infection rates. Langford
(1990) reviewed several studies on disease incidence and temperature, and while he found no
simple, causal relationship between the two, he did note that it was clear that warmer water
enhances the growth rates and survival of pathogens, and that infection rates tended to be lower in
cooler waters.
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The magnitude of thermal effects on ecosystem services is related to facility-specific factors,
including the volume of the waterbody from which cooling water is withdrawn and returned,
other heat loads, the rate of water exchange, the presence of nearby refugia, and the assemblage
of nearby fish species. In addition to reducing total IM&E, cooling towers reduce thermal
pollution. Consequently, the installation of closed-system cooling towers could have
geographically variable effects on ecosystems, ranging from comprehensive changes in
community structure and habitat type (Schiel et al. 2004), to localized changes in the relative
proportion of species adapted to warm and cold water (Millstone Environmental Laboratory
2009). Further information on thermal discharges is provided in Appendix B.

2.3.4 Chemical Effects

One of the environmental impacts associated with operation of electric generators is the release of
chemicals in the discharge of once-through cooling water. These chemicals include metals from
internal corrosion of pipes, valves and pumps (e.g., chromium, copper, iron, nickel, and zinc),
additives (anti-fouling, anti-corrosion, and anti-scaling agents) and their byproducts, and
materials from boiler blowdown and cleaning cycles.

EPA used the Discharge Monitoring Report Pollutant Loading Tool (DMR-PLT)® to obtain
estimated annual pollutant loadings for regulated facilities. EPA extracted data for all regulated
facilities (excluding those designated as baseline closures) by querying on a facility’s NPDES
permit identification number. Of the 739 regulated facilities (excluding baseline closures), 569
have annual loading estimates in DMR-PLT; of these, nearly 75 percent are electric power
generators. Table 2-5 lists the top 20 pollutants discharged by regulated facilities in 2011, sorted
by mass. These chemicals represent pollutants generated by the operation and maintenance of the
facility and other location-specific activities. The most common pollutants include: total
dissolved solids, calcium carbonate, sulfate, chloride and fecal coliform.

In addition to these pollutants, facilities also discharge anti-fouling agents. Biofouling is a serious
operational concern for facilities. Microbial biofouling on surfaces in cooling water systems can
accelerate metal corrosion, increase resistance to heat transfer energy, and increase fluid frictional
resistance (Cloete et al. 1998). Sessile macrofouling-organisms such as algae, insects, hydroids,
polychaetes, barnacles, mussels and tunicates can colonize intake pipes, bulkheads, and filter
screens, and may clog pipes and reduce intake flows or filter-screen effectiveness. Further, some
of these infestations produce larvae, which can colonize downstream equipment including
pipelines, valves, and heat exchangers. Severe macrofouling-associated problems can include
intake flow reduction, increased pressure drop across heat exchangers, and equipment breakdown.

The Discharge Monitoring Report (DMR) Pollutant Loading Tool calculates pollutant loadings from EPA’s
Permit Compliance System (PCS) and Integrated Compliance Information System for the National Pollutant
Discharge Elimination System (ICIS-NPDES) as well as wastewater pollutant discharge data from EPA’s Toxics
Release Inventory (TRI). Data is currently available for the years 2007 through 2011.
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Table 2-5: Top 20 Pollutants Discharged by Regulated Facilities, by
Total Annual Loadings (2011)
Parameter Numpe_r of To_ta_l Loading
facilities (million Ibs/yr)
1 Solids, total dissolved 42 18,508.3
2 Hardness, total (as CaCO3) 31 1,5485
3 Solids, total suspended 487 651.0
4 Coliform, fecal general 82 535.3
5 Residue, total filterable (dried at 105 C) 8 524.3
6 Sulfate, total (as SO4) 52 485.1
7 Chloride (as Cl) 53 440.3
8 Nickel, total recoverable 41 395.4
9 Selenium, total recoverable 51 262.6
10 Lead, total recoverable 47 251.2
11 Chromium, total recoverable 27 224.7
12 Chromium, trivalent total recoverable 4 217.7
13 Sulfate 11 178.6
14 Cadmium, total recoverable 32 165.6
15 Solids, total dissolved- 180 deg. C 7 127.7
16 Calcium Chloride 1 106.9
17 Chemical Oxygen Demand (COD) 35 105.9
18 Solids, total dissolved (TDS) 3 102.1
19 Chromium, hexavalent dissolved (as Cr) 14 97.4
20 Antimony, total (as Sb) 12 81.9
Source: Discharge Monitoring Report Pollutant Loading Tool (DMR-PLT)

These anti-fouling and cleaning chemicals potentially pose a risk to organisms downstream of the
CWIS discharge. Adverse effects to aquatic organisms may include acute and residual effects of
biocides used as anti-fouling agents in condenser tubes, or from chemicals resulting from
corrosion or use in cleaning of either stream or cooling cycles (Kelso and Milburn 1979). A
typical biofouling procedure is continuous low-level chlorination at chronic toxicity levels with
an occasional high (“shock’) dose. The use of oxidants (chlorine, bromide) can give rise to
residuals and/or disinfection byproducts (DBPs) such as trihalomethanes, haloacetic acid,
bromoform, and others (Taylor 2006). Concentrations of released chemicals are variable among
facilities, and are a function of treatment dose, CWIS design, rates of degradation, and the
volume and flushing rate of the receiving water.

With the exception of chlorination impacts (Taylor 2006), the potential effects of chemicals in
facilities’ cooling water discharges on local aquatic ecosystems are not well-characterized. In
most cases, chemical effects are considered, along with thermal and mechanical effects, as a
component of the cumulative stress of entrainment on organisms. Little information is available
on the chronic or low-level effects of these discharge chemicals on local ecosystems or in concert
with other anthropogenic stressors.

Review of the effects of chemical treatment and discharge into the environment suggests that
direct ecotoxicity in discharge plumes is relatively rare beyond the point of discharge or mixing
zone near the pipe outlet (Poornima et al. 2005; Taylor 2006). However, concentrations of these
chemicals may be additive to low-level chronic adverse effect with other anthropogenic stressors
identified above.
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2.3.5 Effects of Flow Alteration

The operation of CWIS and discharge returns significantly alter patterns of flow within receiving
waters both in the immediate area of the CWIS intake and discharge pipe, and in mainstream
waterbodies, particularly in inland riverine settings. In ecosystems with strongly delineated
boundaries (i.e., rivers, lakes, enclosed bays, etc.), CWIS may withdraw and subsequently return
a substantial proportion of water available to the ecosystem. For example, of the 435 facilities
that are located on freshwater streams or rivers, 30 percent (132) of these facilities have average
actual intake flow that is greater than 5 percent of the mean annual flow of the source waters.’
Even in situations where the volume of water downstream of regulated facilities changes
relatively little, the flow characteristics of the waterbody, including turbulence and water
velocity, may be significantly altered. This is particularly true in locations with multiple CWIS
located close to each other.

Altered flow velocities and turbulence may lead to several changes in the physical environment,
including sediment deposition (Hoyal et al. 1995), sediment transport (Bennett and Best 1995),
and turbidity (Sumer et al. 1996), each of which play a role in the physical structuring of
ecosystems. Biologically, flow velocity is a dominant controlling factor in aquatic ecosystems.
Flow has been shown to alter feeding rates, settlement and recruitment rates (Abelson and Denny
1997), bioturbation activity (Biles et al. 2003), growth rates (Eckman and Duggins 1993), and
population dynamics (Sanford et al. 1994).

In addition to flow rates, turbulence plays an important role in the ecology of small organisms,
including fish eggs and larvae, phytoplankton, and zooplankton. In many cases, the turbulence of
a waterbody directly affects the behavior of aquatic organisms, including fish, with respect to
swimming speed (Lupandin 2005), location preference with a waterbody (Liao 2007), predator-
prey interactions (Caparroy et al. 1998; MacKenzie and Kiorboe 2000), recruitment rates
(MacKenzie 2000; Mullineaux and Garland 1993), and the metabolic costs of locomotion (Enders
et al. 2003). The sum of these effects may result in changes to the food web or the location of
used habitat, and thereby substantially alter the aquatic environment.

Climate change is predicted to have variable effects on future river discharge in different regions
of the United States, with some rivers expected to have large increases in flood flows while other
basins will experience water stress. For example, Palmer et al. (2008) predict that mean annual
river discharge is expected to increase by about 20 percent in the Potomac and Hudson River
basins but to decrease by about 20 percent in Oregon's Klamath River and California's
Sacramento River. Thus, the adverse effects of flow alteration may increase or decrease over
longer periods for larger rivers, depending on their geographic location.

24 Community-level or Indirect Effects of CWIS

In addition to the direct effects of CWIS, IM&E may alter a wide range of aquatic ecosystem
functions and services at the community-level (Table 2-4). Most of these impacts on aquatic
community function and service are poorly characterized, given the limited scope of IM&E
studies and an incomplete knowledge of baseline or pre-operational conditions within affected
waters.

" Facility counts exclude baseline closures.
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For example, fish are essential for energy transfer in aquatic food webs (Summers 1989), and for
the regulation of food web structure. Fish play important roles in nutrient cycling (Wilson et al.
2009) and sediment processes, and are known to play key roles in the maintenance of aquatic
biodiversity (Holmlund and Hammer 1999; Peterson and Lubchenco 1997; Postel and Carpenter
1997; Wilson and Carpenter 1999).

While IM&E of commercially or recreationally important fish species can be quantified and
monetized (Chapters 6 and 7), the accompanying loss of other aquatic organisms may be poorly
characterized (e.g., lumped into broad taxa such as “forage fish” or “other”) or simply not
reported. In addition, IM&E on species of lower concern may create unrealized ripples of
ecological effect within the aquatic community. Species may respond to altered ecological
circumstances such as reduced predation, altered food concentrations, or slower nutrient
recycling, etc. Therefore, the removal of selected fish species or considerable biomass by IM&E
may substantially affect these processes.

Several examples of ecological services indirectly affected by IM&E are described below,
although others listed in Table 2-4 may be of equal importance for individual ecosystems.

241 Altered Community Structure and Patchy Distribution of Species

The role of some aquatic species may be more critical in shaping the structure and composition of
the community than that of others. These keystone species are species that have an effect on
community structure disproportionate to their population (Paine 1966; Paine 1969).
Consequently, the loss or reduction of keystone species may lead to substantial changes in aquatic
food webs, and decrease overall ecosystem stability. Thus, the potential for ecosystem impacts
resulting from, for example, the loss of an important predator fish due to IM&E may not be
strictly proportional to the number or biomass of lost fish or foregone fish production.

The operation of CWIS by generating facilities can lead to localized areas of depressed fish and
shellfish abundance. Facilities (and the intake volume they represent) are distributed in a non-
uniform manner along coastlines and rivers, and may be clustered (Section 2.5), such that IM&E
and the populations they affect are geographically heterogeneous. This can result in a highly
localized and patchy distribution of aquatic organisms in regional areas. A secondary effect is
increased probability of colonization and establishment by NIS due to niche space availability
caused by a local reduction in the density of native organisms (Byrnes et al. 2007; Ovaskainen
and Cornell 2006).

2.4.2 Altered Food Webs

Sources of mortality, including IM&E, may disrupt established predator-prey relationships and
the niche space available to species through direct pathways (i.e., mortality of the organism) or
indirectly (i.e., alterations to the food web). The loss of young-of-year (YOY) predators (e.g.,
striped bass) or important forage fish (e.g., menhaden and bay anchovy) is likely to affect trophic
relationships and alter food webs. These changes may alter the realized species niche and life
history traits due to alterations in inter- and intra-specific interactions (e.g., predator-prey,
competition, mate selection, etc.) (Fortier and Harris 1989; Hixon and Jones 2005; Jirotkul 1999).
These alterations in trophic interactions and food webs, combined with other CWIS-related
impacts such as thermal pollution (Section 2.2.3) or flow alteration (Section 2.3.5), may lead to
rapid changes in life history strategies as a consequence of facultative (Ball and Baker 1996) or
evolutionary changes (Hairston et al. 2005; Reznick and Endler 1982).
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2.4.3 Reduced Taxa and Genetic Diversity

IM&E may lead to reductions in local community biodiversity (due to destruction of selected
species) or in a loss of genetic diversity in individual fish populations. IM&E represents a novel
selective pressure on early life stages that may reduce the genetic diversity of resident fish and
prevent the recovery of depleted stocks (Stockwell et al. 2003; Swain et al. 2007; Walsh et al.
2006). Because many populations stocks are differentiated by oceanic region and/or timing of
migratory movements, IM&E could alter the seasonal timing and movement (i.e., phenology) of
overall fish populations, which could have ramifications for predator species.

2.4.4 Nutrient Cycling Effects

IM&E impacts may alter the pace of nutrient cycling, and energy transfer through food webs.
Fish species have been shown to have substantial effects on nitrogen, phosphorous, and carbon
cycling due to storage effects (i.e., large quantities of nutrients are found within fish biomass) and
translocation effects (i.e., fish migrate, moving large quantities of nutrients to new ecosystems)
(Kitchell et al. 1979; Vanni et al. 1997). These alterations in nutrient cycling could lead to
redirection of nutrient flows to other components of the ecosystem including water column
phytoplankton, benthic macroalgae and attached epiphytes, with subsequent changes to the
condition of critical ecosystem habitats, such as submerged aquatic vegetation. Juvenile Atlantic
menhaden (Brevoortia tyrannus) are capable of significantly grazing down plankton
concentrations in Chesapeake Bay, leading to more-rapid regeneration of nutrients and enhanced
primary production. Removal of juvenile menhaden by IM&E would lead to reduced grazing and
turnover of nutrients and increased algal density in the water column (Gottlieb 1998). The amount
of nitrogen and phosphorus regenerated in facility discharge water due to nutrient recycling of
IM&E biota might also lead to areas of localized nutrient enrichment near outfalls (Abt
Associates 2010a). Additionally, the preferential removal of upper water column species by
IM&E could increase energy flow to benthic organisms, and thereby increase the relative
importance of detritivores in bottom communities.

2.4.5 Reduced Ecological Resistance

The effect of long-term or chronic IM&E may lead to a decrease in ecosystem resistance and
resilience (i.e., ability to resist and recover from disturbance including invasive species) (Folke et
al. 2004; Gunderson 2000). That is, IM&E is likely to reduce the ability of ecosystems to
withstand and recover from adverse environmental impacts, whether those impacts are due to
anthropogenic effects or natural variability.

2.5 Cumulative Impacts of Multiple Facilities

Cumulative effects of CWIS are likely to occur if multiple facilities are located in close proximity
such that they impinge or entrain aquatic organisms within the same source waterbody, watershed
system, or along a migratory pathway of a specific species (e.g., striped bass in the Hudson River)
(USEPA 2004a). The cumulative impacts of CWIS may be exacerbated by the presence of other
anthropogenic stressors discussed above (Section 2.2).

EPA analyses suggest that approximately 20 percent of all regulated facilities are located on
waterbodies with multiple CWIS (USEPA 2004a). Inspection of geographic locations of
regulated facilities (approximated by CWIS latitude and longitude) indicates that facilities in
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inland settings are clustered around rivers to a greater extent than marine and estuarine facilities
(see Figure 2-1).

2.5.1 Clustering of Facilities and CWIS on Major Rivers

To illustrate the potential for cumulative impacts, EPA reviewed data from five major U.S. rivers
with clustered concentrations of facilities. Table 2-6 summarizes average annual river flow and
facility DIF and actual intake flow (AIF). Based on the non-uniform distribution of facilities,
locations were noted where the potential for cumulative impacts is high (Abt Associates 2010b).

Table 2-6: U.S. Rivers with Largest Withdrawals by Regulated Facilities

[0)
River Avg. Annual® Facilities Cumulative DIF as % Avg. Cumulative ACIF:r?nﬁ)al

Flow (mgd) DIF (mgd) | Annual Flow | AIF (mgd) g'FIOW

Mississippi 383,266 57 22,436 5.9 13,170 34
Ohio 181,615 47 19,315 10.6 13,384 7.4
Missouri 49,249 23 10,718 21.8 6,598 134
llinois 8,079 11 6,259 77.5 1,605 19.9
Delaware 7,562 11 3,585 47.4 1,485 19.6
Sources: USGS 1990 and U.S. EPA analysis for this report

For example, the Mississippi River provides source water for cooling water for 57 facilities along
its length,® with 27 facilities located in Louisiana upstream of the Mississippi River delta. Using
facility intake coordinates as location markers, the relative distances between facilities were
estimated (Abt Associates 2010b). In upper Louisiana, facilities are typically separated by tens of
miles; inter-facility distance decreases downstream of Baton Rouge, LA. Several locations along

the Mississippi River have clusters of facilities:
» Between Ascension and St. James Parishes, a 13-mile span of the river hosts six

manufacturing facilities, three of which have intakes located within the same mile. These
facilities have a combined DIF of nearly 270 mgd.

» Fifteen miles downstream, near Garyville, LA, there is a cluster of three facilities within
six miles of the river stretch.
» Seven miles further downstream near Laplace, LA, six facilities are located on a six-mile

stretch of the river. Four of these facilities, with a combined DIF exceeding 5 billion
gallons per day (bgd) (three generators and one manufacturer), are located withina 1.7

mile section of river.

» Further downstream in Chalmette, LA (just east of New Orleans), three manufacturers,
capable of withdrawing up to 457 mgd, are clustered within four river miles.

Therefore, the potential for cumulative impacts is high, and investigating ecosystem effects by
extrapolating results on a per facility basis is likely to underestimate the true effects.

8 This total excludes one facility that EPA projects as baseline closure.
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2.5.2 Implications of Clustered Facilities for Cumulative Impacts

The cumulative impact of clustered facilities may be significant, due to the concentrated IM&E,
combined intake flows, and the potential for other impacts such as thermal discharges. It should
also be noted that power generation demand and cooling intake water volume are typically at
their annual maximum during mid-late summer, which is also a period of seasonal low flows and
highest in-stream temperatures. The effect of cumulative impacts may be greater in inland or
Great Lakes waters due to the following factors:

» The majority of national AIF is associated with freshwater CWIS.

» Freshwater facilities use a greater relative volume of available fish habitat than marine or
estuarine counterparts.

» Seasonal variation in power demand and river flow may increase entrainment potential
during low-flow periods of the year (NETL 2009). Although low flows are traditionally
in late summer to early fall, drought conditions and manipulations of water levels may
lead to low flow during other periods. This may be locally significant if periods of low
flow overlap with seasonal concentrations of eggs, developing YOY, and migrating
juveniles.

» Freshwater facilities are more likely to be clustered along a waterbody, and pose a greater
risk of cumulative impacts. This is exacerbated by the presence of numerous
impoundments associated with navigational lock and dam structures located on larger
rivers (e.g., Mississippi, Missouri, Ohio, etc). These impoundments result in slow or
slack water conditions with a lower effective volume than free-flowing reaches or periods
of higher flow.

2.6 Case Studies of Facility IM&E Impacts

While the information provided in this chapter provides a broad overview of potential impacts
associated with CWIS, it is highly informative to evaluate these impacts in the context of actual
facilities to see how and to what extent these impacts and IM&E are realized, how site-specific
factors come into play, the effects of cumulative impacts, and what has been learned with regard
to community-level effects. Case studies provide useful, detailed information for evaluating
IM&E and major stressors in the context of a specific waterbody or region.

As part of the Phase Il regulations, review and analyses of IM&E data and environmental
information were presented in comprehensive case studies in EPA’s 2002 Case Study Analysis
for the Proposed Section 316(b) Phase Il Existing Facilities Rule (USEPA 2002a). The document
provided detailed analyses of CWIS impacts in major regional waterbodies throughout the United
States. These cases studies included:

» Delaware Estuary Watershed: a regional assessment of the impacts of 7 generating and 6
manufacturing facilities in the transition zone of the Delaware River Estuary. The
estuary’s transition zone was chosen due to its biological, recreational, and economic
importance, and because of the high concentration of CWIS.

» Ohio River Watershed: a detailed assessment of the impacts of 9 (of 29) facilities in a
500-mile stretch of the Ohio River between the McAlpine and New Cumberland pools,
this case study is representative of a large industrial river.
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» Tampa Bay Watershed: highlighted as a representative of the Southeast Atlantic and Gulf
coasts, this case study included four of eight facilities in watersheds draining into Tampa
Bay.

» San Francisco Bay/Delta Estuary: included as representative of an urban estuary, and a
waterbody containing several T&E species, this case study highlighted the effects of two
large generating facilities.

> Brayton Point Facility: a case study of a single facility and its impacts on a confined
waterbody.

» Seabrook and Pilgrim Facilities: with a pair of facilities located in the same ecological
region, but with very different CWIS placements, this case study highlights the potential
effects of CWIS location of IM&E impacts.

» J.R. Whiting Facility: an assessment of the before and after effects of the installation of a
deterrent net on IM&E for a representative facility on the Great Lakes.

» Monroe Facility: located nearby the J.R. Whiting facility (above), the Monroe facility
case study provides an estimate of the effects of IM&E on Great Lakes facilities.

These regional case studies provide a set of information describing the variety of CWIS impacts
under marine, coastal, and riverine environmental settings. The following sections present three
additional case studies to provide examples of facility-specific CWIS impacts in settings
including freshwater coastal (Bay Shore, Oregon, OH), estuarine (Indian Point, Buchanan, NY),
and estuarine-coastal (Indian River, Sussex County, DE) environments. These brief case studies
also illustrate the quantitative levels of IM&E, the indirect effects of IM&E on local aquatic
ecosystems, and the cumulative effects of combined effects (IM&E and thermal).

2.6.1 Bay Shore Power Station

The Bay Shore power station is a 631 megawatt (MW) facility located on the south shore of Lake
Erie near the confluence of the Maumee River and Maumee Bay, OH. Cooling water for the four
coal-fired steam-electric units is withdrawn from Maumee River/Maumee Bay via an open intake
channel of approximately 3,700 ft in length, and enters the facility via a shoreline surface CWIS.
Approximately 749 million gallons per day (mgd) are withdrawn, including once-through cooling
water and sluice water used for transporting bottom ash from the boilers to ash settling ponds
(OEPA 2010). Major environmental concerns for the facility include IM&E and thermal impacts.

Bay Shore Power Station IM&E: Medium-sized Plant with Large-Scale Impacts:

A comprehensive demonstration study, conducted in 2005-2006, estimated annual impingement
at greater than 46 million fish per year, the majority of which were forage fish species—emerald
shiner and gizzard shad. Annual estimates for entrainment were equally impressive—209 million
fish eggs, 2,247 million fish larvae, and 14 million juvenile fish (OEPA 2010). As noted on the
NDPES fact sheet, “It is likely that Bay Shore Station impinges and entrains more fish than all
other power stations in Ohio combined.” Notably, the facility does not currently employ
technologies to reduce IM&E (OEPA 2010).

In addition to IM&E effects, concerns have also been raised regarding the size and impact of the
thermal discharge plume—a focus of concern for local residents and commercial fishermen.
Depending on wind patterns and hydrological factors, the thermal plume extends to the south
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shore of Maumee Bay (over 1 mile from the facility). The Ohio Environmental Protection
Agency (OEPA) assessed the results from a 2002 thermal mixing zone study, and concluded that
the thermal discharge exceeded Ohio water quality standards for temperature within the thermal
plume (>85°F in Maumee Bay), but that the impacts on aquatic life and designated uses in
Maumee River/Bay did not justify reduction of the thermal mixing zone. However, it did find that
the thermal activity could restrict recreational activities in certain areas of the facility and
required the facility owners to conduct a two-year study of the benthic community within the
mixing zone (OEPA 2010).

2.6.2 Indian Point Nuclear Power Plant

The Indian Point nuclear power plant is a 2,045 MW facility located in Buchanan, Westchester
County, New York, on the east shoreline of the Hudson River. Cooling water (up to 2,500 mgd)
for the two nuclear-fired steam-electric units (Units 2 and 3) is withdrawn from the estuarine
portion of the Hudson River through three intake structures on the shoreline (NYSDEC 2003a).
The heated non-contact cooling water is discharged through sub-surface diffuser ports in a
discharge canal located downstream of the intake structures.

Concerns regarding impact to fish, particularly anadromous striped bass populations, as well as a
high level of involvement and litigation from local stakeholder groups, have made the Indian
Point power generation plant (along with other Hudson River facilities) particularly well-
characterized in terms of IM&E impacts. Accordingly, the Hudson River aguatic community has
been sampled and studied over many decades, with detailed investigation starting in the 1970s.

Results suggest that IM&E impacts to the local and transient anadramous fish species are
substantial. For example, studies of fish entrainment in 1980 predicted fish class reductions
ranging from 6 to 79 percent, depending on fish species (Boreman and Goodyear 1988).
Subsequent sampling work predicted year-class reductions due to IM&E of 20 percent for striped
bass, 25 percent for bay anchovy, and 43 percent for Atlantic tomcod. The Final Environmental
Impact Statement (FEIS) prepared by the New York State Department of Environmental
Conservation (NYSDEC) concluded these levels of mortality “could seriously deplete any
resilience or compensatory capacity of the species needed to survive unfavorable environmental
conditions” (USEPA 20063).

Indian Point Final Environmental Impact Statement (FEIS) details cumulative effects:

The FEIS estimated, from samples collected between 1981 and 1987 for three facilities (Indian
Point, Roseton, Bowline Point), that average annual entrainment included 16.9 million American
shad, 303.4 million striped bass, 409.6 million bay anchovy, 468 million white perch, and 826.2
million river herring (NYSDEC 2003b). The loss of such large numbers of forage fish species and
the potential impact on higher level piscivores is of high concern. The FEIS also viewed the
overall effect of the CWIS impacts on the aquatic community as analogous to habitat degradation
rather than overfishing. This judgment was based on evidence that the entire aquatic community
was affected rather than only specimens of higher trophic level species.

The FEIS considered the role of other major environmental factors currently or historically
present in the Hudson River. These factors have the capacity to affect fish populations either
positively (enhancements) or negatively (stressors). Relevant factors include, but are not limited
to: improvements to water quality due to upgrades to sewage treatment facilities, invasions by
exotic species (e.g., zebra mussel), chemical contamination by toxins (e.g., PCBs and heavy
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metals), global climate shifts such as increases in annual mean temperatures and higher
frequencies of extreme weather events (e.g., the EI Nino-Southern Oscillation), and stricter
management of individual species stocks such as striped bass (USEPA 2006a).

In April 2010, the NYSDEC denied a request by Indian Point for a CWA section 401Water
Quality Certificate. The CWA requires that, prior to any federal agency issuing a license or
permit for a particular project (in this case, the approval of the State Discharges Permit
Elimination System [SPDES] permit), it must certify that the project meets State water quality
standards. The NYSDEC denial letter cited, among other concerns, continuing concerns over
IM&E including potential impacts to two species protected under the Endangered Species Act
(ESA) —the Shortnose Sturgeon (endangered) and the Atlantic Sturgeon (endangered).

2.6.3 Indian River Power Plant

The Indian River Generating Station (IRGS) is a 784 MW facility located in Sussex County,
Delaware, on the south shore of the Indian River. Cooling water for three of the IRGS’s four
coal-fired steam-electric units is withdrawn upstream from the freshwater portion of Indian River
via an intake canal at a maximum rate of 411 mgd, or 21 times the average flow rate of Indian
River. Heated return water is discharged via a canal into the upper reaches of Island Creek, a
small tributary of Indian River, entering at Ward Cove. Island Creek and Ward Cove are part of a
large estuarine stretch (approximately 150 acres) of Indian River that provides important fish and
crab habitat. Its lower salinity and location in the estuary make it attractive to important species
such as bay anchovy, spot, menhaden larvae, and young blue crabs.

Indian River Power Plant has impact on important local species:

The 2003 316(b) Comprehensive Demonstration Study for the Indian River Power Plant reported
IM&E for a number of important species (Entrix 2003, as described in Bason 2008). This IM&E
has been recalculated by a local stakeholder group as ALE for bay anchovy (1.6 million), blue
crab (300,000), croaker (270,000), and menhaden (60,000) (Bason 2008).

Due to the size of the heated discharge relative to the receiving water, thermal effects of the
facility were also investigated. Based upon monitoring data collected from 1998 to 1999, the
316(a) report assessed the effects of elevated water temperatures on ecosystem communities with
a focus on eight important fish species: bay anchovy, menhaden, winter and summer flounder,
croaker, spot, striped bass, and weakfish. This report determined that juvenile and adult target
species, although able to avoid areas of high water temperature, were not permanently restricted
from most stretches of the Indian River, nor did they suffer loss of habitat services associated
with these segments. The study concluded an overall condition of no adverse effect, or no
appreciable harm, on the fish and shellfish populations in the Indian River and Delaware Bay
(Entrix 2001).

Despite the overall conclusion of no adverse effect, the report documented localized thermal
impacts of consequence. For example, during warmer months, the thermal discharge reached
potential adverse levels in Island Creek, often extending downstream to Ware Cove (Entrix
2001). The mortality associated with sub-adult stages of fish and crabs and the avoidance of the
area by sub-adult and adult fish were substantial issues. In addition to direct thermal impacts to
biota, temperature-related reductions in DO were observable (mean reduction = 0.6 mg/l) in the
discharge canal. These reductions contributed to the amplitude of the day-night (diel) cycle of DO
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concentrations, already widely fluctuating due to cumulative effects of eutrophication in the river
(Bason 2008).

2.7 Conclusions

Considerable information is available on the direct effects of CWIS and IM&E (Chapter 3) on
commercially (Chapter 6) and recreationally important (Chapter 7) species derived from the
accumulated data from facility-specific basis 316(b) studies and investigations. This information
allowed EPA to monetize the potential commercial and recreational fishing benefits for the final
rule and other options EPA considered. However, as demonstrated in this section, much less
information and high uncertainty exist regarding the magnitude and importance of indirect and/or
cumulative impacts of CWIS, particularly effects on lower trophic organisms or ecosystem
functions. This condition is due to the limitations of 316(b) sampling programs, as well as the
failure of permitting process to consider the additive or cumulative effects of other major
anthropogenic stressors. While EPA can identify and hypothesize regarding the direction and
relative importance of impacts of CWIS on the totality of the aquatic ecosystem (i.e., not just
focused on selected higher trophic level predator species and common prey), EPA is currently
unable to connect these effects with quantifiable environmental benefits. Thus, it is highly likely
that the total environmental and monetary impacts of CWIS are significantly underestimated, and
that characterization of the fuller spectrum of benefits arising from reducing or eliminating IM&E
will await future, targeted research efforts.
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3 Assessment of Impingement and Entrainment Mortality

3.1 Introduction

This chapter discusses the methods EPA used to convert results from IM&E sampling studies into metrics
suitable as inputs for EPA’s section 316(b) benefits analysis.” Section 3.2 provides a brief overview of
IM&E metrics, and outlines how they were used in the benefits analysis. Section 3.3 presents IM&E, by
region, under baseline conditions, and the reductions in these losses under alternative regulatory options.
Section 3.4 discusses limitations and uncertainties in the IM&E analysis.

EPA’s IM&E assessment methods are discussed in detail in Chapter A-1 of the Regional Benefits
Analysis for the Final Section 316(b) Phase Il Existing Facilities Rule (Regional Benefits Analysis)
(USEPA 2006b). Changes in methodology since EPA’s Phase III analysis include: (1) the addition of new
IM&E data for several California facilities, (2) engineering reductions for power generators were
estimated for sample facilities that received the detailed questionnaire rather than for all regulated
generators, and (3) estimated changes in the proportionate reduction in IM&E under the final rule and
Proposal Options 2 and 4. Other modifications are identified in relevant portions of Section 3.2.

3.2 Methods

3.2.1 Objectives of IM&E Analysis
EPA’s evaluation of IM&E data had four main objectives:
> To develop regional and national estimates of the magnitude of IM&E;

» To standardize IM&E using common biological metrics that allow comparison across species,
years, facilities, and geographical regions;

» To provide IM&E metrics suitable for use in national economic benefits analysis; and,

» To estimate changes in metrics as a result of estimated reductions in IM&E under the final rule
and Proposal Options 2 and 4.

EPA’s use of these methods for national rulemaking does not imply that these methods are the best or
most suitable for studies of single facilities. In many cases, site-specific details on local fish populations
and waterbody conditions may make other assessment approaches, such as population or ecosystem
modeling, possible.

3.2.2 IM&E Loss Metrics

Three loss metrics were derived from facility IM&E monitoring data available to EPA: (1) age-one
equivalents (A1E), (2) forgone fishery yield, and (3) production forgone. These metrics are described

For the purposes of its national analysis, EPA assumed 100 percent entrainment mortality. This assumption is discussed at
length in Chapter A7 of the Regional Analysis Document for the Final Section 316(b) Existing Facilities Rule (USEPA
2004a). Briefly, EPA assessed 37 entrainment survival studies and found them variable, unpredictable, unreliable, and not
defensible. As such, these studies support an assumption of 0 percent survival for entrained organisms in benefits
assessments.
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briefly below. Equations used to calculate metrics and other details are provided in Chapter A-1 of EPA’s
Regional Benefits Analysis (USEPA 2006b).

3.2.2.1 Age-One Equivalents

The Equivalent Adult Model (EAM) is a method for converting organisms of different ages (life stages)
into an equivalent number of individuals in any single age (Goodyear 1978; Horst 1975). For its 316(b)
analyses, EPA standardized all IM&E into equivalent numbers of 1-year-old fish, a value referred to as
AlEs. This conversion allows losses to be compared among species, years, facilities, and regions.

To conduct EAM calculations requires a life history schedule, for each species, incorporating age-specific
mortality rates. Using these species-specific survival tables, a conversion rate between all life history
stages and age 1 is calculated. For life history stages younger than 1 year of age, the conversion rate is
calculated as the product of all stage-specific survival rates between the stage at which IM&E occurs and
age 1. Consequently, the loss of an individual younger than age 1 results in a conversion rate less than 1.
For individuals older than 1 year, the conversion rate is calculated as the quotient of all stage-specific
survival rates between the stage at which IM&E occurs and age 1. Consequently, the loss of an individual
older than age 1 results in a conversion rate greater than 1.

Additional details on the EAM calculation are provided in Chapter A-1 of EPA’s Regional Benefits
Analysis (USEPA 2006b). For the results presented in this chapter, the treatment of early life stages in
this calculation considers all larval life stages reported in the original IM&E studies.

3.2.2.2 Forgone Fishery Yield of Commercial and Recreational Species

Fishery yield is a measure of the biomass harvested from a cohort of fish.'° EPA expressed IM&E of
harvested species in terms of forgone (lost) fishery yield. To convert losses to forgone fishery yield, EPA
used the Thompson-Bell equilibrium yield model (Ricker 1975) with the assumptions that 1) IM&E
reduce the future yield of harvested adults, and 2) reductions in IM&E will lead to an increase in
harvested biomass.

The Thompson-Bell model is based on the principles used to estimate the expected yield in any harvested
fish population (Hilborn and Walters 1992; Quinn and Deriso 1999). The general procedure involves
multiplying age-specific harvest rates by age-specific weights to calculate an age-specific expected yield.
The lifetime expected yield for a cohort of fish is the sum of all age-specific expected yields. Details of
these calculations are provided in Chapter A-1 of EPA’s Regional Benefits Analysis (USEPA 2006b).

3.2.2.3 Production Forgone for All Species

Production forgone is an estimate of the biomass that would have been produced had individuals not been
impinged or entrained (Rago 1984). It is calculated for all forage species from species- and age-specific
growth rates and survival probabilities. This forgone biomass represents a decrease in prey availability for
predator species, and is calculated because IM&E for forage species are not included in the forgone
fishery yield calculations. Additional details regarding the calculation of production forgone are provided
in Chapter A-1 of EPA’s Regional Benefits Analysis (USEPA 2006b).

3.2.3 Valuation Approach

EPA’s benefits analysis focused on increased commercial and recreational fishery harvests estimated
from projected reductions in IM&E. For consistency with reported harvest data, commercial harvest is

10 A cohort of fish refers to fish produced in the same year, also referred to as a year-class of fish.
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reported in pounds and recreational harvest is reported in numbers of fish. To project changes in fishery
harvests, EPA integrated two components of fishery yield that change as a consequence of IM&E: direct
contributions of commercially and recreationally harvested species (hereafter fishery species), and
indirect contributions of forage species consumed by fishery species (Figure 3-1). The direct contribution
of fishery species to yield (left side of Figure 3-1) is calculated by converting ALE mortality to forgone
yield as described in Section 3.2.2. The contribution of forage species to fishery yield is measured as a
biotic transfer of mass through the food web to fishery species that are subsequently harvested (right side
of Figure 3-1). EPA used a simple trophic transfer model for this purpose (discussed in Chapter A-1 of
EPA’s Regional Benefits Analysis (USEPA 2006b), assuming a trophic transfer efficiency of 0.10 (Pauly
and Christensen 1995)."* Trophic transfer efficiency represents the fraction of forage species biomass
incorporated into predator (fishery) species biomass. EPA estimated total changes to commercial and
recreational harvest yield as the sum of the contributions of fishery and forage species. For benefits
analysis, total yield was separated into commercial and recreational fractions based on the proportion of
harvest occurring within each type of fishery, and benefits were calculated for harvestable adult fish.
Details of the commercial and recreational fishing benefits analysis are provided in Chapters 6 and 7 of
this report, respectively.

3.2.4 Rationale for EPA’s Approach to Valuation of IM&E

EPA’s approach to estimating changes in fish harvest assumed that IM&E result in a reduction in the
number of harvestable adults, and that IM&E reductions result in increases to future fish harvests. This
approach estimates incremental fishery yield forgone because of IM&E and does not require knowledge
of population size or total yield of a fishery.

EPA’s forgone fishery yield analysis requires species- and stage-specific schedules of natural mortality
(M), fishing mortality (F), and weight-at-age. The yield model assumes that these key parameters (F, M,
and weight-at-age) are independent of IM&E for all species. EPA recognizes that this assumption does
not fully reflect the dynamic nature of fish populations. However, by conducting benefits analysis using
estimates of forgone yield, EPA was able to use a simple and direct measure of the potential economic
value associated with each IM&E-related death. Used of this approach was warranted given: (1) the scope
and objectives of its analysis of harvested species, (2) data availability, and (3) difficulties in
distinguishing the causes of population changes. Each of these factors is discussed below.

3.2.4.1 Scope and Objectives of EPA’s Analysis of Harvest Species

EPA’s overall objective was to develop regional- and national-scale estimates of the magnitude of IM&E
at hundreds of facilities subject to the final rule. As a consequence of the large geographic scope and
multiple ecosystems involved, EPA modeled fishery yield using a relatively simplified approach to
estimate the vulnerability of dozens of species to IM&E on a national scale. Although sufficient data may
exist to model the effects of IM&E on population and community-level impacts, sufficient data do not
exist at the national scale to make such studies feasible.

11 EPA notes that its model of trophic transfer is a very simple and idealized representation of trophic dynamics; it is not

intended to capture the details of trophic transfer in actual aquatic ecosystems. In reality, food webs and trophic dynamics
are much more complex than EPA’s simple model implies, and include details that are specific to each particular aquatic
ecosystem. This complexity was beyond the scope of EPA’s analysis and the available data.
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Figure 3-1: General Approach Used to Evaluate IM&E as Forgone Fishery Yield

3.2.4.2 Data Availability and Uncertainties Related to Modeling Fish Harvest

Forgone fishery yield and production forgone models used by EPA required age-specific life history data
for all species analyzed. EPA acknowledges that many fish population models are available, and that
these models may produce more accurate population-level impacts of IM&E. EPA did not pursue the
development of species-specific population models for several reasons:

» Constructing population models requires a large set of parameters and numerous assumptions
about the nature of stock dynamics for each species, including current stock size, stock-
recruitment relationships, changes to growth and mortality rates as a function of stock size, and
the separation of certain species into geographically based stock units. Because of these
limitations, fewer than 40 percent of U.S.-managed commercially harvested fish stocks have been
fully assessed (NMFS 2009; NMFS 2010a). As such, the information necessary to build more-
complex population models is available only for a subset of harvested species, which represent a
minor fraction of IM&E.
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» Numerous difficulties exist in the definition of the size and spatial extent of fish stocks. As a
result, it is often unclear how IM&E at particular cooling water intake structures (CWIS) can be
related to specific stocks at a regional scale. For example, juvenile Atlantic menhaden
(Brevoortia tryannus) found in Delaware Bay recruit from both local and long distances (Light
and Able 2003). As a result, estimating the effects of local IM&E on recruitment rates would not
be sufficient to understand the stock-recruitment relationship for Delaware Bay menhaden.

Consequently, issues of data availability and difficulties estimating the effects of localized IM&E on
regional-scale fish stocks led EPA to determine that the construction of population models for all species
subject to IM&E was not feasible. The level of uncertainty that would accompany the construction of
such models (if constructing them were even possible) would be difficult to support with available data at
both the national and population level for many species.

3.2.4.3 Difficulties Distinguishing Causes of Population Changes

It is fundamentally difficult to demonstrate a causal relationship between a single stressor and changes in
fish population sizes. Fish populations are affected by multiple nonlinear stressors and are constantly in
flux. As such, determining whether changes to fish populations are the consequence of an identifiable
stressor due to natural fluctuation around an equilibrium stock size is difficult. Fish recruitment, the
number of young fish surviving early life stages (e.g., egg, larvae, juvenile) to join an adult population, is
a multidimensional process, and identifying and distinguishing the causes of variance in fish recruitment
remains a fundamental problem in fisheries science, stock management, and impact assessment (Boreman
2000; Hilborn and Walters 1992; Quinn and Deriso 1999). Consequently, resolving issues of population
fluctuation was beyond the scope and objectives of EPA’s section 316(b) benefits analysis.

3.2.5 Extrapolation of IM&E to Develop Regional Estimates

EPA examined IM&E and the economic benefits of reducing these losses at a regional scale. EPA then
aggregated estimated benefits across all regions to produce a national benefits estimate. Regions were
based on regions used by fisheries management agencies such as the National Marine Fisheries Service
(NMFS). The geographical scope of all regions is described in Chapter 1 (Section 1.2).

To obtain regional IM&E estimates, EPA extrapolated losses observed at 98 facilities with IM&E data
(hereafter model facilities) to all regulated facilities within the same region. Extrapolation of IM&E rates
was necessary because only a subset of all regulated facilities have conducted IM&E studies. To allow
extrapolation, EPA assumed that all facilities, regardless of size, have similar IM&E rates after
normalization by flow. IM&E data were extrapolated on the basis of operational flow, in millions of
gallons per day (mgd), where mgd is the average operational flow over the period 1996-1998 as reported
by facilities in response to EPA’s Section 316(b) Detailed Questionnaire and Short Technical
Questionnaire (USEPA 2000). Operational flow at all facilities was scaled using a multiplicative factor
that reflected the effectiveness of in-place technologies used to reduce IM&E. During the extrapolation
procedure, EPA also applied weighting factors to regulated facilities based on questionnaire results.
Weighting factors for the current analysis were based on results of the Detailed Questionnaire. Additional
details of EPA’s extrapolation methods are provided in Appendix A.

The assumption that IM&E is proportional to flow is consistent with other published IM&E studies and
models. Power facilities on the Great Lakes exhibit an increasing relationship (on a log-log scale)
between facility size (measured as electrical output) and IM&E rates (Kelso and Milburn 1979), and
Goodyear (1978) predicted entrainment on the basis of the ratio of cooling water flow to source water
flow. Additionally, the Spawning and Nursery Area of Consequence (SNAC) model, used as a screening
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tool for assessing potential IM&E impacts at Chesapeake Bay facilities, assumes that entrainment is
proportional to cooling water withdrawal rates (Polgar et al. 1979).

EPA recognizes that actual IM&E per mgd may vary substantially, resulting from a variety of time- and
facility-specific features, such as sampling date, location and type of intake structure, as well as from
ecological features that affect the abundance and species composition of fish in the vicinity of each
facility. Consequently, EPA’s extrapolation procedure relies heavily on the assumption that IM&E rates
recorded at model facilities are representative of IM&E rates at other facilities in the region. Although
this assumption may not be met in some cases, limiting the extrapolation procedure within regions
reduces the likelihood that model facilities are unrepresentative.

This method of extrapolation makes the best use of a limited amount of empirical data, and is the only
feasible approach for developing a national estimate of IM&E, and the associated benefits of IM&E
reduction. While acknowledging that extrapolation introduces uncertainty into IM&E estimates, EPA has
not identified information suggesting a systematic bias in regional loss estimates based upon
extrapolation.

3.3 IM&E by Region

3.3.1 California Region

Table 3-1 and Table 3-2 present estimated baseline IM&E and reductions in IM&E under the final rule
and other options considered. Estimated total baseline IM&E in the California region is 51.55 million
A1Es per year, of which 24.56 million (47.6 percent) are forage fish. Approximately 5.6 percent of total
baseline A1E mortality is assigned a direct use value from recreational or commercial fishing (Table 3-1).
Table 1 of Appendix C presents species-specific data on impingement and entrainment under the baseline
conditions and estimated reductions under all options. Among commercially and recreationally-harvested
species, the greatest losses occur in crabs, rockfishes, and sea basses (Appendix Table C-1).

The majority of IM&E in the California region occur due to entrainment (Appendix C Table 1). Because
the final rule and Proposal Option 4 do not reduce entrainment, they each reduce baseline ALE mortality
by only 1.4 percent (0.73/51.55) and 1.3 percent (0.68/51.55), respectively (Table 3-1). Conversely, by
requiring the installation of closed-cycle recirculating systems, which effectively reduce entrainment
mortality, Proposal Option 2 reduces AL1E mortality by 61.1 percent (31.52/51.55), providing more than
40 times the reduction in ALE mortality (Table 3-1).

Table 3-1: Summary of Baseline IM&E at All Regulated facilities (Manufacturing
and Generating) in California, and Reductions Under the Final Rule and Other
Options Considered

_ Reductions in Losses Baseline

IM&E Loss Metric (per year) Proposal Final Proposal Losses
Option 4 Rule Option 2

All Species (million ALE) 0.68 0.73 31.52 51.55
Forage Species (million ALE) 0.17 0.18 15.00 24.56
Commercial & Recreational Species (million ALE) 0.50 0.54 16.52 26.98
Commercial & Recreational Harvest (million fish) 0.05 0.06 1.76 2.88
A1E Losses with Direct Use Value (%) 8.0% 8.0% 5.6% 5.6%

Source: U.S. EPA analysis for this report
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Production forgone due to baseline IM&E is estimated to be 19.65 million pounds of fish, leading to a
decrease in fishery yield of 4.59 million pounds per year (Table 3-2). The final rule is estimated to result
in increased fishery yields of 0.02 million pounds per year. Increases in fishery yields under other options
considered range from 0.02 million pounds per year under Proposal Option 4 to 2.80 million pounds per
year under Proposal Option 2. Estimated increases in fishery yields under Proposal Option 2 are more
than 100 times greater than under the final rule and Proposal Option 4 (Table 3-2).

Table 3-2: Baseline Losses in Fishery Yield, Catch, and Production
Forgone as a Consequence of IM&E at All Regulated facilities
(Manufacturing and Generating) in California, and Reductions Under
the Final Rule and Other Options Considered

Reductions in Losses Baseline

IM&E Loss Metric (million per year) Proposal Final Proposal L
: : 0sses
Option 4 Rule Option 2

Forgone Fishery Yield (Ibs) 0.02 0.02 2.80 4.59
Forgone Commercial Catch (Ibs) <0.01 <0.01 1.18 1.93
Forgone Recreational Catch (fish) 0.04 0.04 0.88 1.43
Production Forgone (Ibs) 0.09 0.10 12.00 19.65

Source: U.S. EPA analysis for this report

Raw numbers of IM&E in California can be found in Appendix Table C-2.

3.3.2 North Atlantic Region

Table 3-3 and Table 3-4 present estimated baseline IM&E and reductions in IM&E under the final rule
and other options considered. Estimated total baseline IM&E in the North Atlantic region is 57.86 million
ALEs per year, 78.4 percent (45.34 million) of which are forage fish. Approximately 2.1 percent of total
baseline A1E mortality is assigned a direct use value from recreational or commercial fishing (Table 3-3).
Table 3 of Appendix C presents species-specific data on impingement and entrainment under the baseline
conditions and estimated reductions under all options. Briefly, the vast majority (99.0 percent) of all ALE
mortality in the North Atlantic occur as a consequence of entrainment mortality (Appendix Table C-3).
Notably, the combined IM&E of winter flounder, cunner, and sculpins account for 96.9 percent of all
IM&E of commercially and recreationally-harvested species.

Because the final rule and Proposal Option 4 do not reduce entrainment, they reduce baseline IM&E A1E
mortality by 1.6 percent (0.93/57.86) and 0.7 percent (0.40/57.86), respectively (Table 3-3). Conversely,
by requiring the installation of closed-cycle recirculating systems, which effectively reduce entrainment
mortality, Proposal Option 2 reduces A1E mortality by 76.7 percent (44.40/57.86) (Table 3-3).
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Final Rule and Other Options Considered

Table 3-3: Baseline IM&E and IM&E Reductions at All Regulated Facilities
(Manufacturing and Generating) in the North Atlantic, and Reductions Under the

. Reductions in Losses Baseline
IM&E Loss Metric (per year) Proposal Final Proposal | ) Jcces
Option 4 Rule Option 2
All Species (million ALE) 0.40 0.93 44.40 57.86
Forage Species (million ALE) 0.35 0.77 34.80 45.34
Commercial & Recreational Species (million ALE) 0.05 0.16 9.60 12.52
Commercial & Recreational Harvest (million fish) <0.01 0.02 0.91 1.19
A1E Losses with Direct Use Value (%) 1.5% 1.8% 2.1% 2.1%

Source: U.S. EPA analysis for this report

Production forgone due to baseline IM&E is estimated to be 26.03 million pounds of fish, leading to a
decrease in fishery yield of 0.98 million pounds per year (Table 3-4). The final rule will result in
increased fishery fields of 0.01 million pounds per year. Increases in fishery yields under other options
considered range from less than 0.01 million pounds under Proposal Option 4 to 0.75 million pounds
under Proposal Option 2. Estimated increases in fishery yields under Proposal Option 2 are more than 75
times greater than under the final rule and Proposal Option 4 (Table 3-4).

Table 3-4: Baseline Losses in Fishery Yield, Catch, and Production
Forgone as a Consequence of IM&E at All Regulated Facilities
(Manufacturing and Generating) in the North Atlantic, and Reductions
Under the Final Rule and Other Options Considered

Reductions in Losses n
IM&E Loss Metric (million per year) Proposal Final Proposal ste Ine
E r 0SSes
Option 4 Rule Option 2
Forgone Fishery Yield (Ibs) <0.01 0.01 0.75 0.98
Forgone Commercial Catch (Ibs) <0.01 <0.01 0.33 0.43
Forgone Recreational Catch (fish) <0.01 <0.01 0.56 0.73
Production Forgone (Ibs) 0.03 0.26 19.93 26.03

Source: U.S. EPA analysis for this report

Raw numbers of IM&E in the North Atlantic can be found in Appendix Table C-4.

3.3.3 Mid-Atlantic Region

Table 3-5 and Table 3-6 present estimated baseline IM&E and reductions in IM&E under the final rule
and other options considered. Estimated total baseline IM&E in the Mid-Atlantic region is 630.97 million
ALEs per year, including 475.89 million AL1Es of forage fish (75.4 percent). Approximately 3.3 percent of
total baseline ALE mortality are assigned a direct use value from recreational or commercial fishing
(Table 3-5). Table 5 of Appendix C presents species-specific data on impingement and entrainment under
the baseline conditions and estimated reductions under all options. Briefly, the vast majority (93.8
percent) of all A1E mortality in the Mid-Atlantic occur as a consequence of entrainment mortality. Nearly
half (44.7 percent) of the IM&E estimated for commercially- and recreationally-harvested species occurs

in Blue Crab, and substantial IM&E (i.e., greater than 13 million ALE) is estimated for Atlantic Croaker,
Atlantic Menhaden, Spot, and White Perch.
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Because of the high proportion of IM&E attributed to entrainment mortality, EPA estimates that the final
rule and Proposal Option 4 reduce ALE mortality by 5.2 percent (32.99/630.97) and 4.8 percent
(30.50/630.97), respectively (Table 3-5). Conversely, by requiring the installation of closed-cycle

recirculating systems, Proposal Option 2 would reduce A1E mortality by approximately 87.4 percent
(551.90/630.97).

Table 3-5: Baseline IM&E and IM&E Reductions at All Regulated Facilities
(Manufacturing and Generating) in the Mid-Atlantic, and Reductions Under the
Final Rule and Other Options Considered

_ Reductions in Losses Baseline

IM&E Loss Metric (per year) Proposal Final Proposal | | ccac
Option 4 Rule Option 2

All Species (million ALE) 30.50 32.99 551.90 630.97
Forage Species (million ALE) 11.63 12.75 415.46 475.89
Commercial & Recreational Species (million ALE) 18.87 20.25 136.44 155.08
Commercial & Recreational Harvest (million fish) 4.68 5.01 18.20 20.51
A1E Losses with Direct Use Value (%) 15.3% 15.2% 3.3% 3.3%

Source: U.S. EPA analysis for this report

EPA projects that baseline IM&E reduces fishery production by 52.74 million pounds, and decreases
fishery yield by 15.07 million pounds per year (Table 3-6). The final rule will result in increased fishery
yields of 3.89 million pounds per year. Increases in fishery yields under other options considered range
from 3.63 million pounds per year under Proposal Option 4 to 13.38 million pounds per year under
Proposal Option 2. Estimated increases in fishery yields under Proposal Option 2 are more than three
times greater than under the final rule and Proposal Option 4 (Table 3-6).

Table 3-6: Baseline Losses in Fishery Yield, Catch, and Production
Forgone as a Consequence of IM&E at All Regulated Facilities
(Manufacturing and Generating) in the Mid-Atlantic, and Reductions
Under the Final Rule and Other Options Considered

Reductions in Losses Baseline

IM&E Loss Metric (million per year) Proposal Final Proposal L
E ; 0SSes
Option 4 Rule Option 2

Forgone Fishery Yield (Ibs) 3.63 3.89 13.38 15.07
Forgone Commercial Catch (Ibs) 2.87 3.07 7.17 8.00
Forgone Recreational Catch (fish) 0.43 0.46 5.10 5.82
Production Forgone (Ibs) 7.83 8.40 46.50 52.74

Source: U.S. EPA analysis for this report

Raw numbers of IM&E in the Mid-Atlantic region can be found in Appendix Table C-6.

3.3.4 South Atlantic Region

Table 3-7 and Table 3-8 present estimated baseline IM&E and reductions in IM&E under the final rule
and other options considered. Estimated total baseline IM&E in the South Atlantic region is estimated to
be 26.36 million ALEs per year, including 24.61 million forage fish A1Es. Approximately 1.1 percent of
total baseline A1E mortality is assigned a direct use value from recreational or commercial fishing (Table
3-7). Table 7 of Appendix C presents species-specific data on impingement and entrainment under the
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baseline conditions and estimated reductions under all options. Unlike other regions, the majority (65.0
percent) of all ALE mortality in the South Atlantic occur as a consequence of impingement mortality.

Among commercially- and recreationally-harvested species, IM&E is greatest in Drums and Croakers and
Blue Crab.

Due to the high proportion of IM&E lost to impingement, the final rule and Proposal Option 4 are
projected to reduce ALE mortality by 49.1 percent (12.93/26.36) and 44.0 percent (11.61/26.36),
respectively. However, because the installation of closed-cycle recirculating systems reduces water usage,
Proposal Option 2 is projected to reduce ALE mortality by 97.1 percent (25.60/26.36) (Table 3-7).

Table 3-7: Baseline IM&E and IM&E Reductions at All Regulated Facilities
(Manufacturing and Generating) in the South Atlantic, and Reductions Under the
Final Rule and Other Options Considered

_ Reductions in Losses Baseline

IM&E Loss Metric (per year) Proposal Final Proposal | | Ccce
Option 4 Rule Option 2

All Species (million ALE) 1161 12.93 25.60 26.36
Forage Species (million ALE) 10.98 12.21 2391 2461
Commercial & Recreational Species (million ALE) 0.63 0.72 1.69 1.75
Commercial & Recreational Harvest (million fish) 0.09 0.10 0.27 0.28
A1E Losses with Direct Use Value (%) 0.7% 0.8% 1.0% 1.1%

Source: U.S. EPA analysis for this report

Production forgone due to baseline IM&E is estimated to be 0.71 million pounds per year, leading to a
decrease in fishery yield of approximately 0.12 million pounds per year. The final rule will increase
fishery yields of 0.05 million pounds per year. Increases in fishery yields under other options considered
range from 0.04 million pounds per year under Proposal Option 4 to 0.12 million pounds per year under
Proposal Option 2. Estimated increases in fishery yields under Proposal Option 2 are more than two times
greater than under the final rule and Proposal Option 4 (Table 3-8).

Table 3-8: Baseline Losses in Fishery Yield, Catch, and Production
Forgone as a Consequence of IM&E at All Regulated Facilities
(Manufacturing and Generating) in the South Atlantic, and Reductions
Under the Final Rule and Other Options Considered

_ o Reductions in Losses Baseline
IM&E Loss Metric (million per year) Proposal Final Proposal L 0sses
Option 4 Rule Option 2
Forgone Fishery Yield (Ibs) 0.04 0.05 0.12 0.12
Forgone Commercial Catch (Ibs) 0.04 0.04 0.08 0.08
Forgone Recreational Catch (fish) 0.01 0.02 0.10 0.11
Production Forgone (Ibs) 0.12 0.15 0.67 0.71

Source: U.S. EPA analysis for this report

Raw numbers of IM&E in the South Atlantic region can be found in Appendix Table C-8.

3.3.5 Gulf of Mexico Region

Table 3-9 and Table 3-10 present the estimated baseline IM&E and reductions in IM&E under the final
rule and other options considered. Estimated total baseline IM&E in the Gulf of Mexico is estimated to be
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147.01 million ALEs per year, including 50.15 million forage fish A1Es. Approximately 8.8 percent of
total baseline ALE mortality are assigned a direct use value from recreational or commercial fishing
(Table 3-9). Table 9 of Appendix C presents species-specific data on impingement and entrainment under
the baseline conditions and estimated reductions under all options. The majority (63.6 percent) of all A1E
mortality in the Gulf of Mexico occur as a consequence of entrainment mortality. Among commercially-
and recreationally-harvested species, IM&E is greatest in Blue Crab, and Pink Shrimp, which together
account for 67.8 percent of ALE mortality with direct use value. Other commercially- or recreationally-
harvested fish species with substantial IM&E (i.e., greater than 5 million ALE) include Black Drum,
Menhaden, and Silver Perch (Appendix Table C-9).

Due to the low proportion of IM&E lost to impingement, the final rule and Proposal Option 4 are
projected to reduce ALE mortality by 27.4 percent (40.29/147.01) and 26.4 percent (38.82/147.01),
respectively. In contrast, Proposal Option 2 is estimated to reduce ALE mortality by 70.3 percent
(103.42/147.01) (Table 3-9), nearly triple the estimated reductions of the final rule or Proposal Option 4.

Table 3-9: Baseline IM&E and IM&E Reductions at All Regulated Facilities
(Manufacturing and Generating) in the Gulf of Mexico, and Reductions Under the
Final Rule and Other Options Considered

_ Reductions in Losses Baseline

IM&E Loss Metric (per year) Proposal Final Proposal
Option 4 Rule Option 2 Losses

All Species (million A1E) 38.82 40.29 103.42 147.01
Forage Species (million A1E) 4.88 5.06 31.69 50.15
Commercial & Recreational Species (million ALE) 33.94 35.22 71.73 96.86
Commercial & Recreational Harvest (million fish) 5.15 5.35 9.83 12.92
A1E Losses with Direct Use Value (%) 13.3% 13.3% 9.5% 8.8%

Source: U.S. EPA analysis for this report

Production forgone due to baseline IM&E is estimated to be 79.65 million pounds per year, 43.3 percent
of which is forgone fishery yield. The final rule will result in increased fishery yields of 3.51 million
pounds per year. Increases in fishery yields under other options considered range from 3.38 million
pounds per year under Proposal Option 4 to 21.78 million pounds per year under Proposal Option 2.
Estimated increases in fishery yields under Proposal Option 2 are more than six times greater than under
the final rule and Proposal Option 4 (Table 3-10).

Table 3-10: Baseline Losses in Fishery Yield, Catch, and Production
Forgone as a Consequence of IM&E at All Regulated Facilities
(Manufacturing and Generating) in the Gulf of Mexico, and Reductions
Under the Final Rule and Other Options Considered

_ - Reductions in Losses Baseline
IM&E Loss Metric (million per year) Proposal Final Proposal Losses
Option 4 Rule Option 2
Forgone Fishery Yield (Ibs) 3.38 351 21.78 34.45
Forgone Commercial Catch (Ibs) 1.64 1.70 4.27 6.03
Forgone Recreational Catch (fish) 0.75 0.78 2.14 3.08
Production Forgone (Ibs) 6.54 6.78 49.81 79.65

Source: U.S. EPA analysis for this report
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Raw numbers of IM&E in the Gulf of Mexico can be found in Appendix Table C-10.

3.3.6 Great Lakes Region

Table 3-11 and Table 3-12 present estimated baseline IM&E and reductions in IM&E under the final rule
and other options considered. Estimated total baseline IM&E in the Great Lakes is 261.26 million A1Es
per year, including 240.01 million ALE of forage fish. Approximately 1.7 percent of total baseline ALE
mortality is assigned a direct use value from recreational or commercial fishing (Table 3-11). Table 11 of
Appendix C presents species-specific data on impingement and entrainment under the baseline conditions
and estimated reductions under all options. Briefly, among commercially and recreationally-harvested
species, the greatest losses occur in Smelts.

The vast majority (90.6 percent) of IM&E in the Great Lakes occur due to impingement (Appendix Table
C-11). Accordingly, the final rule and Proposal Option 4 are projected to reduce baseline A1E mortality
by 81.5 percent (202.58/248.47) and 70.4 percent (184.04/261.26), respectively (Table 3-11). By
requiring the installation of closed-cycle recirculating systems, which reduce the volume of water
required for cooling purposes, Proposal Option 2 reduces ALE mortality by 95.1 percent (248.47/261.26)
(Table 3-11).

Table 3-11: Baseline IM&E and IM&E Reductions at All Regulated Facilities
(Manufacturing and Generating) in the Great Lakes, and Reductions Under the
Final Rule and Other Options Considered

_ Reductions in Losses Baseline

IM&E Loss Metric (per year) Proposal Final Proposal L 0Sses
Option 4 Rule Option 2

All Species (million ALE) 184.04 202.58 248.47 261.26
Forage Species (million A1E) 175.88 193.58 230.50 240.01
Commercial & Recreational Species (million ALE) 8.16 9.00 17.97 21.25
Commercial & Recreational Harvest (million fish) 2.58 2.84 3.98 4.35
A1E Losses with Direct Use Value (%) 1.4% 1.4% 1.6% 1.7%

Source: U.S. EPA analysis for this report

Production forgone due to baseline IM&E is estimated to be 63.28 million pounds of fish, leading to a
decrease in fishery yield of 4.14 million pounds per year (Table 3-12). The final rule will result in
increased fishery yields of 2.69 million pounds per year. Increases in fishery yields under other options
considered range from 2.44 million pounds per year under Proposal Option 4 to 3.78 million pounds per
year under Proposal Option 2. Estimated increases in fishery yields under Proposal Option 2 are over 40

percent greater than under the final rule or Proposal Option 4 (Table 3-12).
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Table 3-12: Baseline Losses in Fishery Yield, Catch, and Production
Forgone as a Consequence of IM&E at All Regulated Facilities
(Manufacturing and Generating) in the Great Lakes, and Reductions
Under the Final Rule and Other Options Considered

Reductions in Losses Baseline
IM&E Loss Metric (million per year) Proposal Final Proposal L
: : 0sses
Option 4 Rule Option 2
Forgone Fishery Yield (Ibs) 2.44 2.69 3.78 4.14
Forgone Commercial Catch (Ibs) 1.12 1.24 1.70 1.84
Forgone Recreational Catch (fish) 1.33 1.47 2.04 2.23
Production Forgone (Ibs) 30.67 33.79 55.61 63.28

Source: U.S. EPA analysis for this report

Raw numbers of IM&E in the Great Lakes region can be found in Appendix Table C-12.

3.3.7 Inland Region

Table 3-13 and Table 3-14 present estimated baseline IM&E and reductions in IM&E under the final rule
and other options considered. Estimated total baseline IM&E in the Inland region is 755.97 million A1Es
per year, including 599.13 million ALE of forage fish. Approximately 1.6 percent of total baseline A1E
mortality is assigned a direct use value from recreational or commercial fishing (Table 3-13). Table 13 of
Appendix C presents species-specific data on impingement and entrainment under the baseline conditions
and estimated reductions under all options. Briefly, the majority (63.0 percent) of all ALE mortality in the
Inland region occur as a consequence of impingement mortality (Appendix Table C-13). Notably, the
IM&E of sunfish account for 78.4 percent of the IM&E of recreationally-harvested species.

The final rule and Proposal Option 4 are projected to reduce baseline A1E mortality by 47.8 percent
(361.55/755.97) and 46.0 percent (348.12/755.97), respectively (Table 3-13). The installation of closed-
cycle recirculating systems under Proposal Option 2 reduces A1E mortality by 83.6 percent
(632.19/755.97), providing a benefit more than 70 percent larger than the benefits of the final rule or
Proposal Option 4 (Table 3-13).

Table 3-13: Baseline IM&E and IM&E Reductions at All Regulated Facilities
(Manufacturing and Generating) in the Inland Region, and Reductions Under the
Final Rule and Other Options Considered

_ Reductions in Losses Baseline

IM&E Loss Metric (per year) Proposal Final Proposal
Option4 | Rule | Option2 | “°%

All Species (million ALE) 348.12 361.55 632.19 755.97
Forage Species (million ALE) 324.34 336.25 507.31 599.13
Commercial & Recreational Species (million ALE) 23.79 25.31 124.88 156.84
Commercial & Recreational Harvest (million fish) 3.57 3.73 9.70 11.90
A1E Losses with Direct Use Value (%) 1.0% 1.0% 1.5% 1.6%

Source: U.S. EPA analysis for this report

The decrease in production due to baseline IM&E is estimated to be 384.55 million pounds of fish,
leading to a decrease in fishery yield of 10.41 million pounds per year (Table 3-14). The final rule will
result in increased fishery yields of 3.25 million pounds per year. Increases in fishery yield under other
options considered range from 3.11 million pounds per year under Proposal Option 4 to 8.48 million
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pounds per year under Proposal Option 2. Estimated increases in fishery yields under Proposal Option 2

are over two times greater than under the final rule and Proposal Option 4 (Table 3-14).

Table 3-14: Baseline Losses in Fishery Yield, Catch, and Production
Forgone as a Consequence of IM&E at All Regulated Facilities

(Manufacturing and Generating) in the Inland Region, and Reductions
Under the Final Rule and Other Options Considered

Reductions in Losses Baseline

IM&E Loss Metric (million per year) Proposal Final Proposal L
: : 0sses
Option 4 Rule Option 2

Forgone Fishery Yield (Ibs) 3.11 3.25 8.48 10.41
Forgone Commercial Catch (Ibs) <0.01 <0.01 <0.01 <0.01
Forgone Recreational Catch (fish) 3.57 3.73 9.70 11.90
Production Forgone (Ibs) 84.97 89.40 309.65 384.55

Source: U.S. EPA analysis for this report

Raw numbers of IM&E in the Inland region can be found in Appendix Table C-14.

3.3.8 National Estimates

Table 3-15 and Table 3-16 present estimated baseline IM&E and reductions in IM&E under the final rule

and other options considered. Estimated total baseline IM&E nationally is 1,930.97 million A1Es per
year, including 1,459.70 million ALE of forage fish. Approximately 2.8 percent of total baseline ALE

mortality is assigned a direct use value from recreational or commercial fishing (Table 3-15). Table 15 of
Appendix C presents species-specific data on impingement and entrainment under the baseline conditions

and estimated reductions under all options. Briefly, the majority (57.3 percent) of all ALE mortality
nationally occur as a consequence of entrainment mortality (Appendix Table C-15).

The final rule and Proposal Option 4 are projected to reduce baseline A1E mortality by 33.8 percent
(652.00/1,930.97) and 31.8 percent (614.16/1,930.97), respectively (Table 3-15). The installation of
closed-cycle recirculating systems under Proposal Option 2 reduces A1E mortality by 84.8 percent
(1,637.49/1,930.97), providing a benefit more than twice as large as the benefits of the final rule or

Proposal Option 4 (Table 3-15).

and Other Options Considered

Table 3-15: Baseline IM&E and IM&E Reductions at All Regulated Facilities
(Manufacturing and Generating) Nationally, and Reductions Under the Final Rule

_ Reductions in Losses Baseline

IM&E Loss Metric (per year) Proposal Final Proposal | | occec
Option 4 Rule Option 2

All Species (million A1E) 614.16 652.00 1637.49 1930.97
Forage Species (million ALE) 528.22 560.80 1258.67 1459.70
Commercial & Recreational Species (million ALE) 85.94 91.20 378.82 471.28
Commercial & Recreational Harvest (million fish) 16.13 17.11 44.66 54.02
A1E Losses with Direct Use Value (%) 2.6% 2.6% 2.7% 2.8%

Source: U.S. EPA analysis for this report

The decrease in production due to baseline IM&E is estimated to be 626.60 million pounds of fish,
leading to a decrease in fishery yield of 69.76 million pounds per year (Table 3-16). The final rule is
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estimated to result in an increased fishery yield 13.42 million pounds per year. Increases in fishery yields
under other options considered range from 12.63 million pounds per year under Proposal Option 4 to
51.11 million pounds per year under Proposal Option 2. Estimated increases in fishery yields under
Proposal Option 2 are nearly four times greater than under than final rule or Proposal Option 4 (Table
3-16).

Table 3-16: Baseline Losses in Fishery Yield, Catch, and Production
Forgone as a Consequence of IM&E at All Regulated Facilities
(Manufacturing and Generating) Nationally, and Reductions Under the
Final Rule and Other Options Considered

Reductions in Losses Baseline

IM&E Loss Metric (million per year) Proposal Final Proposal L
: : 055es
Option 4 Rule Option 2

Forgone Fishery Yield (Ibs) 12.63 13.42 51.11 69.76
Forgone Commercial Catch (Ibs) 5.68 6.07 14.72 18.32
Forgone Recreational Catch (fish) 6.13 6.50 20.53 25.31
Production Forgone (Ibs) 130.25 138.89 494.17 626.60

Source: U.S. EPA analysis for this report

Raw numbers of national IM&E can be found in Appendix Table C-16.

3.4 Limitations and Uncertainties

Four major kinds of uncertainty may lead to imprecision and bias in EPA’s IM&E analysis: data,
structural, statistical, and engineering uncertainty. Data limitations and uncertainty refers to uncertainty
and inconsistency in sampling methodologies used in facility-specific IM&E studies. Structural
uncertainty reflects the simplification built into any model of a complex natural system. Parameter
uncertainty refers to uncertainty in the numeric estimates of model parameters. Finally, engineering
uncertainty refers to the fact that facilities do not operate in the exact same manner on an annual basis.

3.4.1 Data Limitation and Uncertainty

EPA based its quantification of regional and national IM&E on cumulative data generated by collection at
individual facilities. In turn, these data are heterogeneous products of location-specific investigations set
in differing geographic and ecological provinces. Interpretation of the significance and trends of IM&E at
regional and national scales (and of the accompanying ecological benefits upon mitigation) must consider
the strengths and weaknesses of this data.

The IM&E data from model facilities constitute a heterogeneous composite of results from many facility-
specific studies. Sampling effort and data quality control vary tremendously among IM&E studies and
baseline source water characterization programs. There is little uniformity among studies as to the
intensity, frequency and duration of data collection as well as the scope of target biota collected,
identified, and enumerated. Sampling regimes may be properly adjusted to ensure that changes in local
biotic activity associated with diurnal, tidal, and lunar cycles are incorporated; or may reflect regularly
spaced sampling points with little concern paid to capturing environmental variability.

In addition to the differences in environmental scope, sampling methods are not uniform among studies
with regard to the types and meshes of sampling nets, deployment location of sampling nets (e.g., outside
or within the intake structure), length and weight measurements, observations of field conditions,
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characterization of reference areas, etc. In addition to different sampling methods and timing, some
sampling programs are designed primarily to estimate IM&E for a select suite of recreational or
commercially important aquatic organisms. Studies differ in their taxonomic sorting classes and
specificity of identification of impinged and entrained organisms (e.g., eggs, ichthyoplankton,
zooplankton, etc.). Thus, many IM&E studies are poorly suited to provide insight into the direct and
indirect impacts to forage fish species, non-vertebrate organisms (zooplankton, tunicates, algae, worms,
etc.), or community/ecosystem impacts. For older facilities, sampling data commonly lack pre-operational
(i.e., baseline) samples or community surveys to compare to the results of more-current IM&E data.
Finally, few IM&E studies are designed to allow evaluation of community impacts or ecosystem effects
(Section 2.4).

Within regions, studies of IM&E from model facilities are typically composed of data from a relatively
limited number of facilities. Most facility-specific IM&E studies are limited to one or two years, and are
rarely replicated within a time period that allows direct comparison of trends without historical
complications due to fishery stock trends, climatic changes, or shifts in collection methods or water
quality. Thus, studies within a regional database may not accurately represent average climatic and
oceanographic conditions (e.g., EI Nino years). Additionally, studies within the database may include
historical (>20 years ago) and recent data, thus incorporating considerable uncertainty due to the annual
variability of highly dynamic fish stocks. Thus, extrapolation from regional collections of facility-specific
studies may not provide a true regional estimate because the available data may or may not be fully
representative of regional trends and/or of associated ecological benefits derived from mitigating IM&E
impacts.

3.4.2 Structural Uncertainty

The models EPA used to evaluate IM&E simplify complex processes. The degree of simplification is
substantial, but necessary, because of limited data availability and the need to generate estimates on a
national scale. Simplification occurs with respect to many processes within the model, to ensure
computational tractability and national applicability (Table 3-17).

While EPA recognizes these uncertainties, addressing each of these uncertainties in a defensible way
would require data that does not currently exist (see Section 3.2.4.2), would be time-consuming and
resource-intensive to develop, and could lead to greater parameter uncertainty (Section 3.4.3).
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Table 3-17: Structural Uncertainties

Aspect of Model | General Description Specific Treatment in Model
Biological Life history traits are fixed Life history parameters in the models (i.e., growth, survival) are constant
submodels through time and are thus independent of biological conditions (e.g., fish

densities, seasonality, weather, recruitment variability, food availability,
fisheries pressure, etc.).

No trophic effects Indirect food web effects such as trophic cascades, growth and population
limitations due to a lack of food, etc., are not considered. Trophic transfer
is treated simplistically.

Outside impacts not addressed IM&E loss rates are affected by a variety of outside influences not included
in the model (e.qg., fisheries pressure, pollution, future development,
invasive species, climate change, etc.).

Valuation National nonuse benefits Fish species grouped into two categories: harvested or not harvested (i.e.,
structure forage for harvested species). Harvested fish are assigned use values within
the national analysis. EPA used benefit transfer to estimate nonuse values
for the North Atlantic and Mid-Atlantic regions (Chapter 8). Nonuse values
for other regions are not included in the comparison of benefits and costs
for the final rule. EPA also conducted a stated preference survey to assess
total values (Chapter 10). EPA, however, did not include survey estimates
in its benefits totals for the rule but the estimates illustrate the potential
magnitude of total values.

Fishing pressure constant The valuation procedure assumes that fisheries harvests will increase
proportionately to decreases in IM&E, independent of Federal and State
policies on commercial and recreational fishing (i.e., fisheries quotas,
closures, bag limits, etc.).

3.4.3 Parameter Uncertainty

Parameter uncertainty refers to variability in the value of parameters used in biological and economic
modeling. EPA must estimate all parameters from sampling studies that cannot identify the true values of
interest due to statistical and logistical limitations. These limitations are broadly driven by three
processes, including parameter fluctuation through time, geographic location, and sampling.

The true value of many biological parameters fluctuates on an annual basis, due to changes in weather,
food availability, indirect food-web effects, and compensatory population dynamics. Consequently,
parameter values used within biological submodels, despite being based upon the best available data
obtained from the scientific literature, cannot be without error due to annual variability in fish growth and
(natural and fisheries) mortality rates. Similarly, because IM&E rates are driven by a combination of
intake flow and the presence of vulnerable fish, actual IM&E cannot remain constant through time.

True values of biological parameters and facility IM&E vary geographically. Biological parameters may
vary substantially within regions due to changes in substrate, water temperature and salinity, etc., while
facility IM&E data may be strongly connected to local substrates, distance from shore, depth, etc. It
follows, then, that using biological data and extrapolating facility-specific IM&E rates to the regional
scale will result in parameter variability based solely on geographic considerations.

Finally, all model parameters contain uncertainty because they are small samples taken from a much
larger dataset. Biological parameters such as mortality rates must be estimated using incomplete sampling
data. Facility-reported IM&E studies necessarily subsample cooling water, and often do not take replicate
samples across tidal periods, seasons, time of day, and between years. Moreover, these studies often
present IM&E with limited taxonomic detail (i.e., the identification of eggs, larvae, and juveniles is not
species-specific), and do not have standard methodologies. As is the case with retrospective data, these
studies also reflect the biological and physical state of the waterbody when studies were conducted. In
some cases, the state of the waterbody itself has changed substantially since sampling was conducted.
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EPA recognizes many sources of parameter uncertainty in its models (Table 3-18), all of which lead to
uncertainty in point estimates of IM&E. The nature of these uncertainties, however, does not inherently
bias the point estimate. EPA reported all biological and physical parameters in good faith, and as such,
parameter estimates are unlikely to be biased in aggregate, but distributed both above and below true
parameter values. Thus, parameter uncertainty has resulted in imprecision rather than inaccuracy in model
output.*?

3.4.4 Engineering Uncertainty

EPA’s evaluation of IM&E was also affected by uncertainty about the engineering and operating
characteristics of the study facilities. It is unlikely that facility operating characteristics (e.g., seasonal,
diurnal, or intermittent changes in intake water flow rates) are constant throughout any particular year. As
such, the timing of sampling, and the annual repeatability of IM&E, may be biased by facility operating
conditions. EPA assumed that the facilities’ loss estimates were provided in good faith and did not
include any biases or omissions that significantly modified loss estimates.

12 Accuracy refers to the degree of closeness of model results to the actual value. Precision refers to the reproducibility of model
output, or the degree to which repeated measurements (or samples, for example from different model facilities) under similar
conditions will result in the same model output.
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Table 3-18: Parameters Included in EPA’s IM&E Analysis Subject to Uncertainty

Model Aspect

Parameter

Description

IM&E monitoring

/loss rate estimates

Sampling regimes

Sampling regimes are subject to numerous facility-specific details. No
established guidelines or performance standards for how to design and conduct
sampling regimes. Not all sampling studies measured both impingement and
entrainment mortality.

Extrapolation
assumptions

Extrapolation of monitoring data to annual IM&E rates assumes sampling
occurred under average conditions, and that diurnal/seasonal/annual cycles in
fish presence and vulnerability and various technical factors (e.g., net
collection efficiency; hydrological factors affecting IM&E rates) do not play a
substantial role in the accuracy of extrapolation. No established guidelines or
consistency in sampling regimes.

Species selection

Criteria for the selection of species evaluated in IM&E studies are neither
well-defined nor uniform across facilities. At many facilities, IM&E data was
collected for only a subset of species, usually only fish and shellfish.

Sensitivity of fish to
IM&E

Entrainment mortality was assumed by EPA to be 100 percent. Back-
calculations were done in cases where facilities reported entrainment rates that
assumed <100 percent mortality. These calculations were limited by data
reporting (i.e., species-specific survival rates were not always provided).
Impingement survival was included if presented in facility documents.

Biological/life Natural mortality rates | Natural mortality rates (M) difficult to estimate, and vary with time and
history geography. Model results are highly sensitive to M.
Growth rates Simple exponential growth rates or simple size-at-age parameters used, and
assumed constant across all locations and years.
Geographic Migration patterns; IM&E occurring during spawning runs or larval out-
considerations migration; location of harvestable adults; intermingling with other stocks.
Forage valuation Harvested species assumed to be food limited; trophic transfer efficiency to
harvested species estimated by EPA based on general models; no consideration
of trophic transfer to species not impinged and entrained.
Fish stock Fishery yield For most harvested species, only one species-specific value for fishing

characteristics

mortality rate (F) was used for all stages subject to harvest. Used stage-specific
constants for fraction vulnerable to fishery.

Harvest behavior

No assumed dynamics among harvesters to alter fishing rates or preferences in
response to changes in stock size. Recreational access assumed constant (no
changes in angler preferences or effort).

Stock interactions

IM&E assumed to be part of reported fishery yield rates on a statewide basis.
No consideration of possible substock harvest rates or interactions, no
unreported catch.

Ecological
system

Fish community

Long-term trends in fish community composition or abundance were not
considered (general food webs assumed to be static), nor were indirect trophic
interactions. Used constant value for trophic transfer efficiency, and specific
trophic interactions were not considered. Trophic transfer to organisms not
impinged and entrained is not considered.

Spawning dynamics

Sampled years assumed to be typical with respect to choice of spawning areas
and timing of migrations that could affect vulnerability to IM&E
(e.g., presence of larvae in vicinity of intake structure).

Hydrology

Sampled years assumed to be typical with respect to flow regimes and tidal
cycles that could affect vulnerability to IM&E (e.g., presence of larvae in
vicinity of CWIS).

Meteorology

Sampled years assumed to be typical with respect to vulnerability to IM&E
(e.g., presence of larvae in vicinity of intake structure).
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4 Economic Benefit Categories

Changes in CWIS design or operations resulting from the final section 316(b) rule for regulated facilities
are expected to reduce IM&E of fish, shellfish, and other aquatic organisms, thereby increasing the
numbers of aquatic organisms and local and regional fishery populations.

The aquatic organisms affected by CWIS provide a wide range of ecosystem services. Ecosystem services
are the physical, chemical, and biological functions performed by natural resources and the human
benefits derived from those functions, including both ecological and human use services (Daily 1997;
Daily et al. 1997). Scientific and public interest in protecting ecosystem services is increasing with the
recognition that these services are vulnerable to a wide range of human activities and are difficult, if not
impossible, to replace with human technologies (Meffe 1992).

In addition to their importance in providing food and other goods of direct use to humans, the organisms
lost to IM&E are critical to the continued functioning of the ecosystems of which they are a part. Fish are
essential for energy transfer in aquatic food webs, regulation of food web structure, nutrient cycling,
maintenance of sediment processes, redistribution of bottom substrates, the regulation of carbon fluxes
from water to the atmosphere, and the maintenance of aquatic biodiversity (Holmlund and Hammer 1999;
Peterson and Lubchenco 1997; Postel and Carpenter 1997; Wilson and Carpenter 1999). Many of these
ecosystem services can be maintained only by the continued presence of all life stages of fish and other
aquatic species in their natural habitats. Section 2.3 provides detail on potential CWIS impacts on aquatic
ecosystems, but because of inadequate data, EPA could not evaluate or monetize many of these impacts.

In addition to economic benefits categories associated with the reductions in IM&E, EPA also assessed
benefits associated with changes in carbon dioxide (CO,) emissions. EPA monetized these benefits based
on the social cost of carbon. Social cost of carbon is an “estimate of the monetized damages associated
with an incremental increase in carbon emissions in a given year” and it “is intended to include (but is not
limited to) changes in net agricultural productivity, human health, property damages from increased flood
risk, and the value of ecosystem services due to climate change” (Interagency Working Group 2010, p.1).
The following sub-sections focus on benefits categories associated with IM&E reductions. See Chapter 9
for additional discussion of benefits from changes in emissions based on the social cost of carbon.

4.1 Economic Benefit Categories of the Rule

The economic benefits of reducing IM&E at regulated facilities stem from both market and nonmarket
goods and services that the affected resources provide. These benefits can be divided into the following
categories (Table 4-1, below).

» Market benefits: Market benefits are positive welfare impacts that can be quantified using
money-denominated measures of consumer and producer surplus. The most obvious example of
market benefits from reduced IM&E is benefits to commercial fisheries. Changes in IM&E will
directly affect the price, quantity, and/or quality of fish harvests. The monetary value of the
changes can be measured directly through market measures of consumer and producer behavior.
Market benefits may be further categorized in terms of direct and indirect benefits. By definition,
all market benefits are use benefits, as they involve either direct or indirect uses of goods or
services.
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= Market direct use benefits: These benefits are related to goods directly used, and bought
and sold in markets; for example, fish caught for sale to consumers.

= Market indirect use benefits: These benefits occur through indirect or secondary effects on
marketed goods and contribute indirectly to an increase in welfare for users of the resource.
For example, an increase in the number of forage fish may increase the population of
commercially valuable species, which are marketed to consumers. Thus, reducing IM&E of
forage species can result in indirect welfare gains for commercial fishers and consumers who
purchase fish.

» Nonmarket benefits: Nonmarket benefits consist of goods and services that are not traded in the
marketplace, but are nonetheless positively affected by reduced IM&E. Higher catch rates for
recreational fishing are a nonmarket benefit. Anglers place a high value on catching fish during
their fishing trips, so higher catch rates from reduced IM&E will translate directly to greater
utility from participation in recreational fishing. Because the monetary value of these
improvements cannot be established by observing market transactions, nonmarket valuation
techniques must be employed to estimate such benefits. Nonmarket benefits may be further
categorized in terms of direct and indirect use benefits, and nonuse benefits.

= Nonmarket direct use benefits: These benefits consist of goods and services that have direct
uses, but are not traded in the marketplace. Higher catch rates for recreational fishing provide
a typical nonmarket direct use benefit.

= Nonmarket indirect use benefits: These benefits contribute indirectly to an increase the
welfare of those who engage in nonmarketed uses of a resource. For example, positive
impacts on local fisheries may generate an improvement in the population levels and diversity
of fish-eating bird species. In turn, bird watchers might obtain greater enjoyment from their
outings, as they are more likely to see a wider mix or greater numbers of birds. The increased
welfare of the bird watchers is thus an indirect consequence of the initial impact on fish.

= Nonuse benefits: These benefits occur when individuals value improved environmental
quality without any past, present, or anticipated future use of the resource in question.
Individuals may gain utility simply from knowing that a particular good exists (existence
value), or from knowing that a good is available for others to use now and in the future
(bequest value). Nonuse, or passive, benefits of reduced IM&E may include increased
biodiversity, improved conditions for the recovery of T&E species that have no direct or
indirect uses and welfare gains to nonusers when reduced IM&E to forage species improve
overall ecosystem function.

Table 4-1 presents the benefit categories EPA considered for regulated facilities. The table also presents
the various data needs, data sources, and estimation approaches associated with each category. A
complete list of the ecosystem services potentially affected by reduction in IM&E is presented in Chapter
2 (Table 2-4).

In addition the approaches presented in Table 4-1, EPA developed and implemented an original stated
preference (SP) study to estimate the total monetary value (use plus nonuse value) of aquatic resource
improvements from the 316(b) rule.*® EPA has not accounted for values estimated from the survey in the
guantitative comparison of costs and benefits. EPA plan