£r
o

\ Y4

I

A

nited States
nvironmental Protection
gency

>MmMc

Case Study Analysis for the
Proposed Section 316(b) Phase
Il Existing Facilities Rule

Part F - G

May 2002



U.S. Environmental Protection Agency
Office of Water (4303T)
1200 Pennsylvania Avenue, NW
Washington, DC 20460

EPA-821-R-02-002



§ 316(b) Case Studies, Part F: Brayton Point

Part F: Brayton Point Station
Case Study



§ 316(b) Case Studies, Part F: Brayton Point Chapter F1: Introduction

Chapter F1: Introduction
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With a capacity of 1,611 megawatts, Brayton Point Station
is the largest fossil fuel burning steam-electric generating
facility in New England. The station uses a once-through-
cooling water system and is allowed by its current NPDES permit to withdraw up to 1.452 billion gallons a day ( BGD) of
cooling water from Mount Hope Bay and then discharge the heated water back into the Bay at temperatures up to 22 °F above
ambient water conditions. The current National Pollution Discharge Elimination System (NPDES) permit expired in June
1998, and EPA Repion 1 is currently developing conditions for a new NPDES permit. EPA co-issues this permit with the
Massachusetts Departiment of Environmental Protection, EPA must also coordinate permit issuance closely with Rhode Island
because its waters are also affected by the plant and the permit must ensure that both Massachusetts and Rhode Island water
quality standards are satisfied.

Similarly, both states’ Coastal Zone Management Programs must be satisfied, along with the federal Essential Fish Habitat
program and other federal requirements. Other significant environmental issues at Brayton Point Station include development
of plans to attain compliance with the tough, new state air regulations, possible assessment of compliance with Clean Air Act
new source review requirements, on-site coal ash management, and concerns in neighboring Freetown where coal ash from
the plant has been landfilled and allegedly contaminated groundwater.

There has been a significant amount of controversy about the plant because of the documented collapse of fish populations in
Mount Hope Bay, an interstate water straddling the Massachusetts/Rhode Island state iine, and the debate over the power
plant’s role in causing or contributing to the fishery decline. On October 9, 1996, Rhode Island Department of Environmental
Management (RI DEM) issued a report which documented an alarming, sharp decline in abundance of finfish populations in
‘Mount Hope Bay that appeared to occur aboul seventeen years ago with no subsequent recovery in evidence. Additional
review of the data has suggested that the fishery decline actually began, albeit at a gentler pace, before the sharp decline
evidenced around 1985. Adverse effects of plant cooling system operations on aquatic organisms can be divided into the
following major categories: a) cooling water intake errrainment of fish eggs and larvae and other small organisms into the
plant’s cooling system; b) cooling waler intake impingement ol larger organisms on the intake screening systems; and c)
discharge-related effects from the impacts of the thermal effluent on the aquatic community and its habitat. Entrainment and
thermal discharge appear to be especially significant issues for this plant, with impingement appearing to be a relatively less
major problem.

Figure Fi-1 by RIDEM shows annual changes in the aggregate catch per tow for 21 fish species in Mount Hope Bay in
relation to changes in total Brayton Point intake flow for 1977 through 1995 (Gibson, 1996). Analysis of these data indicated
a statistically significant decreasing trend over time in Mount Hope Bay fish abundances {p < 0.01), with the decline
averaging 16 percent per year (Gibson, 1996). Moreover, declines in 4 of the species analyzed by RIDFW (winter flounder
{Pleuronectes americanus), windowpane (Scophthalmus aquosus), tautog (Tautoga onitis), and hogchoker (Trinecres
maculatus)) were significantly greater in Mount Hope Bay than in the rest of Narragansett Bay.
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Figure F1-I: Time Series of Annual Mean Coolant Flow at Brayton Point Station and Aggregate Fish Abundance (21 species) in Mount
Hope Bay

6 - 1200
«= »— Fish Abundance

———  Coolant Flow ’w
5 -

v 1000

? —_—
£« /N g
g -\ E
g 7 2
z 3 an f 800 T
< i / A\ >
g /\/\/\/ ' s
5 4

B <
22 AN

\\‘\ | /«"\ \ -
i N A\ /N

] T 400
1976 1978 1980 1982 1984 1986 1986 1990 1992 1994 1896
year

P /irera Bayien/Baion_SoonceModels/s 2000/0k.03tsel_and. codes/tsh.abund fow.

Sources: Gibson, 1996; personal communication, Meredith Simas, Environmental Engineer, Brayton Point Station, March 23, 2001.

A more recent analysis by the RIDEM (Gibson, 2001) attempted to control for other regional stressors that may be
contributing to winter flounder declines, including overfishing, increased winter water temperatures, and increased predation
on larvae by the shrimp Crangon septemspinosa (Keller and Klein-MacPhee, 2000). The analysis compared the results of
winter flounder trawl surveys near and away from the plant, and confirmed that winter flounder declines near Brayton Point
are not apparent in other parts of Narragansett Bay. Although winter flounder stocks in other parts of the region have
increased, stocks in Mount Hope Bay have not recovered in response to a fishing ban established in 1991, suggesting that
fishing pressure alone did not cause the severe population decline in Mount Hope Bay.

To evaluate the potential benefits of the proposed rule, EPA estimated expected I&E at Brayton Point under current
operations based on an analysis of I&E rates before the accelerated fish population declines that followed the 1984
conversion of unit 4, as discussed in Chapter F3. It should be noted that using the pre-1984 data still probably produces an
underestimate of I&E levels because some data suggests that the plant contributed to a declining fishery before 1984, though
the decline accelerated precipitously after 1984. Unfortunately there is no Mount Hope Bay abundance data from before .
Brayton Point Station began operations to provide a true baseline unaffected by the plant. Section F1-1 of this background
chapter provides a brief description of the facility, Section F1-2 describes the facility’s environmental setting, and Section F1-
3 presents information on the area’s socioeconomic characteristics.

F1-1 OVERVIEW OF CASE STUDY FACILITY

The Brayton Point Station is located on approximately 100 ha (250 acres) of the Brayton Point peninsula in Mount Hope Bay,
at the confluence of the Lee and Taunton rivers (Figure F1-2). The facility lies within the Town of Somerset, and the city of
Fall River is located across the Taunton River to the southeast of the facility. The city of Swansea is located across the Lee
River to the north of the facility. The Massachusetts-Rhode Island state line runs diagonally across Mount Hope Bay, which
1s an upper embayment of the Narragansett Bay Estuary.

Fil-2
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Figure F1-2: Location of Brayton Point Station in Mount Hope Bay
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The Brayton Point power plant is in the Northeast Power Coordinating Council (NPCC). The plant began commercial service
in 1963 and is operated as a baseload facility. Brayton Point operates eight units: three coal-fired steam-electric generators,
one oil-fired steam-electric generator, and four internal combustion units. In 1998, Brayton Point generated 8.1 miliion MWh
of electricity. Estimated 1998 revenues for the Brayton Point plant were $552 million, based on the plant’s 1998 estimated
electricity sales of 7.7 million MWh and the 1998 company-level electricity revenues of $71.38 per MWh. Brayton Point’s
1998 production expenses totaled $211 million, or 2.602 cents per kWh, for an operating income of $341 million.'

Table F1-1 summarizes the plant characteristics of Brayton Point.

Table F1-1: Summary of Brayton Point Plant Characteristics (1998)

Piant EIA Code

Estimated Operating Income (rnillion) ' $341
Notes: NERC

North American Electric Reliability Council

]|

NPCC Northeast Power Coordinating Council
Dollars are in $2001.
* 1995 data.

Source; U.S. Department of Energy (2001¢, 2001e, 20011).

In response to the developing controversy, federal and state regulatory agencies and former plant owner NEPCO entered into
a Memorandum of Agreement (MOA) in April, 1997, regarding plant operations. The MOA places annual and seasonal caps
on the [evel of heat discharged and the amount of cooling water withdrawn from the Bay. In the MOA the Company agreed
to [imit its operations to levels below that authorized by the (still) current NPDES permit and the agencies agreed not to push
for an immediate modification of the permit. (NEPCO had threatened to appeal any immediate permit modification anyway.)
The intake volume and thermal discharge caps in the MOA represented a compromise between the levels initially sought by
the regulatory agencies and the levels the company claimed were justified. The MOA also indicated that a number of types of
research should be pursued to help with development of a new NPDES permit. When PG&E bought Brayton Point Station it
assumed responsibility for complying with the MOA (the MOA required that agreement to comply with the MOA be made a
condition of any sale of the plant). Since the 1997 MOA, the permittee and the regulatory agencies have been engaged in
extensive monitoring, modeling and study to determine the conditions for a new NPDES permit.

On October 2, 2002, PG&E publicly announced a proposed $250,000,000 environmental improvement plan for the facility
including new air pollution controls, ash recycling facilities, and a new cooling water system using mechanical draft wet
cooling tower that PG&E refers to as the Enhanced Multi-Mode System. The Company intends this plan to address
requirements under the new State air quality regulations, a State Administrative Consent Order addressing ash management
practices, and the new NPDES permit. PG&E states that this new system will reduce heat loadings into Mount Hope Bay,
and reduce cooling water withdrawals from Mount Hope Bay, to pre-1984 levels. The year 1984 is significant because it was
the year that Brayton Point was permitted to switch Unit 4 from a previously closed-cycle cooling system to a once-through
cooling system, and some data suggests that the steep decline in fish populations was coincidental with this modification. (As
noted above, there is also data suggesting that the decline had started earlier but accelerated after Unit 4 began once-through
cooling operations.)

' The gencration, revenue, eiectricity sales, production cxpense, and eperating income numbers in this section are based on FERC
Form | data for the eight months during which the plant was operated as a regulated utility plant. EPA adjusted these values to represent
the entire year using a scaling factor of 1.46 (cqual to total 1998 gencration divided by 8-month generation, or 8.12 million MWh/5.56
million MWh; total generation is based on U.S. Department of Energy, 2001b, 2001d).
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EPA is working closely with Massachusetts and Rhode island on the permit, and has also been coordinating with the National
Marine Fisheries Service. The permit will be jointly issued with the state in Massachusetts which does not have NPDES
delegation. EPA is also in close communication with the company regarding the issues and the company has submitted a
substantial of information supporting its view of what limits should be in the new permit. EPA has aiso received significant
communications from interested environmental groups. In addition, there has been congressional interest in both
Massachusetts and Rhode Island as well as statemenis of concern by the Governor of Rhode Island. Public interest in the
permit development is high. Over the past year serious concerns have been raised by groups including Save the Bay,
Conservation Law Foundation, the Rhode Island Salt Water Anglers, and the New England Fishery Management Council.
Also, the Rhode Island Attorney General has also been actively engaged in tracking the matter and has publicly threatened to
sue the company over damage to Rhode Island’s natural resources. Finally, the permit issues have received substantial
attention in local major media outlets, including a recent front page story in the Boston Globe.

S Owirership information

Brayton Point began operation as a regulated utility plant and is currently owned by USGen New England Inc., an affiliate of PG&E’
National Energy Group. Brayton Point was purchased by PG&E Gencrating Co. from the New England Power Company (NEPCO) in
1998. Brayton Point is currently operated as a merchant generating plant, selling electricity in the deregulated wholesale generation
market (Standard & Poor’s, 2001b).

PG&E Corporation is one of the largest utility holding companies in the United States, with ownership of or control over approximately
18,000 MW of electric generating capacity and electricity sales of over 80 million MWh in 2000. PG&E Corporation had 20,350
employees and sales of over $26 billion in 2000. However, PG&E Corporation suffered substantial financial losses as a result of the
California energy crisis, when its regulated operations subsidiary, Pacific Gas and Electric Company, which serves several million electric
and gas customers in Cenrral and Northern California, was unable to pass rising wholesale power prices on to retail consumers. As a
result, Pacific Gas and Electric Company, as a subsidiary only but not as PG&E Corporation, filed for Chapter 11 bankruptcy protcction
in April 2001 (Hoover’s Online, 200th; PG&E, 2001; Standard & Poor’s, 2001b).

F1-2 ENVIRONMENTAL SETTING

F1-2.1 Mount Hope Bay

Mount Hope Bay is an upper embayment in the northeast portion of the Narragansett Bay Estuary, which was designated as an
“Estuary of National Significance” by the U.S. Congress in 1987 (NBC, 2001) (Figure 2-1). It is about 10 km (6 miles long),
covering 40 km’ (15.6 square miles) (NBC, 2001). The bottom of the bay is predominantly sandy, and depths average
approximately 5.5 m (18 ft) at mean low water, The state line between Massachusetts and Rhode Island runs from southeast
to northwest across the hay, such that the lower portion falls in Rhode Island.

Circulation of water in the bay is dominated by tidal flow, with average tidal amplitude of 1.3 m (4.4 ft) (NBC, 2001). The
Narragat_]sett Bay estuary has free connection with the open sea, and within it, freshwater from land drainage dilutes sea water.

F1-2.2 Aquatic Hobitat and Biota

The Narragansett Bay Estuary consists of a variety of habitats. Salt marshes, seagrass beds, oyster beds, cobble bottoms, soft
bottoms, tidal flats, beaches, rocky shores, and the open water are all essential elements of the bay ecosystem (NBEP, 1998).
Of particular importance is eelgrass habitat. Eelgrass is a rooted plant that grows densely in shallow coastal waters, in what
are called “eelgrass meadows.” It provides food, shelter, and spawning habitat for an abundance of marine life, including
economically important finfish and shellfish species such as winter flounder, tautog , bluefish (Pomatomus saltator),
American oyster (Crassostrea virginica), northern quahogs or hard clams (Mercenaria mercenaria), bay scallops (Argopecien
irradians), soft-shelled clams (Argopecten irradians), American lobster (Homarus americanus), and blue crab (Callinectes
sapidus Rathbun) (NBEP, 1998; DeAlteris et al., 2000).

The fish community of Mount Hope Bay is estuarine with coastal migrant fishes. Vast numbers of fish migrate i and cut of
Mount Hope Bay in seasonal patterns (NBC, 2001). Approximately 60 species of adult fishes have been identified in the bay.
Truly local species include silverside (Menidia menidia), northern pipefish (Syngnathus fuscus), fourbeard rockling
(Enchelyopus cimbrius), and seaboard goby (Gobiosoma ginsburgi). Local migrants, which move freely within Narragansett
Bay and probably into the adjacent sounds, are winter flounder, windowpane (Scophthaimus aquosus), tautog, and searobin
{Triglidae). Truly migratory species include Atlantic menhaden (Brevoortia tvrannus), weakfish (Cynoscion regalis),
butterfish (Peprilus triacanthus), scup (Stenotomus chrysops), and bay anchovy (Anchoa mitchilli). Many of the prominent
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Narragansett fish species, including striped bass (Morone saxatilis), bluefish, tautog, winter flounder, summer flounder/fluke
(Paralichthys dentatus), scup and weakfish, are highly sought after by both commercial and recreational fishermen (NBEP,
1998).

Narragansett Bay is also home to waterfow! and wading birds. Over 350 species of birds have been spotted in the bay’s
environs (NBC, 2001). Species such as mergansers (Mergus meraganser), buffleheads (Bucephala albeole), and great blue
herons (Ardea herodias) can be found in the bay during various seasons (NBEP, 1998).

Benthic organisms that inhabit the bay include clams, quahogs, crabs, lobsters, snails, shrimps, and sponges. The dominant
intertidal organisms in the rocky surfaces include the blue mussel, snail, and barnacles. Soft bottom communities are
composed primarily of bivaives, amphipods, and polychaete worms (NBC, 2001).

Endangered species that live or feed in Narragansett Bay include diamond-back terrapin (Malaclemys terrapin), roseate tern
(Sterna dougallii), and Kemp's ridley turtle (Lepidochelys kempii) (NBEP, 1998).

F1-2.3 Major Environmental Stressors

a. Habitat alteration

Water pollution, dredging, coastal development, and other environmental stressors have nearly eliminated eelgrass in Mount
Hope Bay (NBEP, 1998). Though upper Narragansett Bay once supported extensive seagrass beds, they are now present only
in the southern half of the bay. The vitality of an estuary’s eelgrass beds is widely recognized as an indicator of an estuary’s
ecological health (Save the Bay, 2001).

The once abundant fish, shellfish, and birds that depend on eelgrass meadows have declined in number, because of habitat
alteration and other stressors. Bay scallops began to decline in the 1950°s and have yet to recover. Similarly, winter flounder,
once one of the bay's most important catches, has declined precipitously over the past decade.

b. Overfishing

Fishery landings and stock sizes of many Narragansett Bay fish and shellfish species have changed dramatically (DeAlteris et
al., 2000). The oyster harvest peaked at 6.8 million kg (15 million Ib) in 1910, and then declined to less than 4,000 kg
(10,000 1b) from 1955 to 1996. Landings of the northern quahog peaked at 2.3 million kg (5 million Ib) in 1955 and then
declined 10 less than 0.5 million kg (1 million Ib) in 1998. In contrast, lobster landings have steadily increased from less than
0.05 million kg (0.1 million 1b) in the early 1950°s to more than 3.4 million kg (7.5 million Ib) in the early 1990’s. Winter
flounder landings steadily increased from less than 0.2 million kg (0.5 million Ib) in the 1940°s to over 4 million kg (9 million
1b) in the early 1980’s, but then declined to about 0.5 million kg (1 million 1b) in the late 1990°s. Striped bass landings have
fluctuated widely in the last 50 years; the fishery collapsed in the late 1970’s, and then increased to almost 0.5 million kg (1
million Ib) in the mid-1990°s (DeAltenis et al., 2000).

c. Pollution

Narragansett Bay is one of the most densely populated estuarine systems in the country (Caton, 2001). As a result, the bay
must assimilate high levels of industrially derived toxic pollutants, nutrients, and wastewater runoff from the area’s 33
wastewater treatment facilities (WWTF).

In addition, large amounts of heat are discharged into Mount Hope Bay by Brayton Point and into the Taunton River, albeit at
lesser amounts, by facitities such as Taunton Municipal and Montaup Station.

Based on 1990 census figures, it is estimated that 0.5 million m’ (125 million gallons) of wastewater are either directly or
indirectly discharged into Narragansett Bay each day (Caton, 2001). The greatest pollution levels can be found at the head of
the bay where the metropolitan areas of Providence, Worcester, and Fall River dispose of their wastewater. Excessive levels
of human waste have a number of effects on aquatic life and the recreational and commercial uses of Narragansett Bay. Of
primary concern are the low levels of dissolved oxygen caused by large nutrient loadings from the WWTFs. Nitrogen
discharged by facilities causes excess plant growth (algal blooms). When the algae die, they are decomposed by bacteria that
consume dissolved oxygen, effectively suffocating fish and other wildlife. Similarly, bacterial nitrification of ammonia
discharged by WWTFs also depletes the bay’s waters of dissolved oxygen, making many waters uninhabitable (Caton, 2001).

Human sewage is also responsible for temporary and permanent closures of over 31 percent of Narragansett Bay to shellfish
harvesting (Caton, 2001). Portions of Mount Hope Bay have been permanently closed to shellfish harvesting since the

Fi1-6
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1940’s, and other portions are routinely closed after heavy rains cause overflow of sewage waters. Fall River is presently
working on a multi-million dollar combined sewer outflow abatement program, having already made improvements to its
WWTF.

Narragansett Bay also suffers from industrial toxic pollutants (Caton, 2001). Traces of industrial metals (copper, zinc, 1ron,
mercury) and organic compounds (PCBs, PHCs, pesticides) are found in bay sediments, creating potential health risks
primarily through the consumption of contaminated seafood. However, the discharge of these pollutants into the bay has
decreased dramatically because of the pretreatment of industrial wastewater (NBEP, 1998).

d. Climate change

Winter water temperatures in Narragansett Bay have increased markedly over the past 40 years. Likely causes include global
warming (Keller and Klein-MacPhee, 2000) and the discharge of waste heat into the bay by Brayton Point Station. This has
resulted in a loss of the usual winter-spring diatom bloom, with potential impacts on higher trophic levels because of changes
in prey availability (Keller et al., 1999). Warmer water in winter may also increase predation rates by the shrimp Crangon
septemspinosa on larval winter flounder, contributing to recent population declines (Keller and Klein-MacPhee, 2000).

e. Surface water withdrawals by CWIS
Steam electric power generation accounts for the single largest intake of water from the Narragansett Bay watershed,
amounting to over 85 percent of all surface water withdrawals, and 100 percent of all saline water withdrawals (USGS, 1995).

F1-3 SOCIOECONOMIC CHARACTERISTICS

Bristo! County has a population of 534,678 (Table F1-2; U.S. Census Bureau, 2001), of which 18,234 live in the Town of
Somersel. The county has four cities (Attleboro, Fall River, New Bedford, and Taunton) and 16 towns (BCCVB, 2002).

Table F1-2: Sociceconomic Characteristics of Bristol County, Massachusetts, and the State of

Massachusetts
. Bristol County : Massachusetts | Rhode Island
Population { 534,678 © 6,349,097 L 1,048,319
L v (square mlles) e e s e S oe ....... 7,840 ...... T 1’045 .........
Persons per sqﬁéfe mlle - o - 9617  809.8 1,0032 lllllllll
Medlan household moncy lncomc (1997 model based estlmate) - $38866 ) N 7$7473 015 ¢ 573767,6997 o
.Persons below poverty (%, 1997 model based ec;umare) YT how - :

Housing units 206918 1 2621989 . 439,837
‘ ' : 60%

213, 057

ngh school graduates persons 25 years and over (I 990 dara)

College graduates. persons 25 years and over (1990 data) R 52 143 1,078,999 l40,!60

Data from 2000 except where shown.
Source; U.S. Census Bureau, 2001,

F1-3.1 Major Industrial Activities

Narragansett Bay hosts a wide range of water-dependent industries, including recreation, shipbuilding, fishing, fish
processing, shipping, and military. Other industries such as electronics, magazines, and auto imports also benefit from
maritime access through Narragansett Bay.

The Town of Somerset is a suburban township with some small-scale resort and second home development. It has 24 km (15 -
miles) of waterfront, which are primarily used for recreation, The closest city, Fall River, has more industriai activities with
chemical operations, electrical and food products along with the garment and textile industries. It also draws tourism with the
largest factory outlet district in New England and a World War II memorial (MDHCD, 2001).

Fi-7
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F1-3.2 Commercial Fisheries

Commercial fishing has long been a staple activity in Narragansett Bay. In 1999, the total value of Rhode Island’s
commercial landings of fish and shellfish was approximately $79 million (RIEDC, 2000), and the total value of
Massachuseits’ commercial landings was about $260.5 million (NMFS, 2001a). It is estimated that Narragansett Bay accounts
for 25-75 percent of Rhode Island’s shellfish landings, 5 percent of finfish landings, and 10-25 percent of lobster landings
(DeAlteris et al., 2000). The upper bay, near Brayton Point, is a major fishing area for quahogs. Narragansett Bay produces
about 8 miltion pounds of quahogs annually, with a landed value of $6 million (NBC, 2001).

The Narragansett Bay sommercial fishing industry supports a number of other fishing-related industries, including fish
processing and the manufacture of commercial fishing equipment (NBC, 2001).

F1-3.3 Recreation

Narragansett Bay’s most imporiant economic activities are tourism and recreation. Quidoor recreation, including fishing,
generates an estimated $2 billion in revenues each year (NBEP, 2001).

a. Recreational fishing

More than 100,000 people fish on Narragansett Bay each year. Over 32,000 recreational boats are registered on the bay, and
many more are trailered from out of state. The bay's recreational fishery is valued at more than $300 million per year (NBEP,
2001).

b. Other water-based recreation

Narragansett Bay supports a great deal of other water-based recreation as well (RIEDC, 1999). Pleasure boating is especially
popular, and many races and regattas are held in the summer season. Rhode Island has over 85 marinas, 28 yacht clubs,
approximately [00 public beat launching sites, and over 50 charter and pleasure boats. There are also over 100 swimming
beaches, and camping, picnicking, surfing, and diving are popular activities.

Fi1-8
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Chapter F2: Technical Description of
the Brayton Point Station

This chapter presents technical information related to the

Brayton Point facility. Section F2-1 presents an CHAPTER CONTENTS
operational profile of the facility and includes Energy

Information Administration (ETA) data on its generating F2-1  Operational Profile
F2-2 CWIS Configuration and Water Withdrawal

units. Section F2-2 describes the configuration of the

intake structures and water withdrawals. F2-3  Brayton Point Generation

F2-1 OPERATIONAL PROFILE

During 1999, the Brayton Point power plant operated eight active units.' Units 1-3 are coal-fired steam-electric generators;
Unit 4 18 an oil-fired steam-electric generator. Units 1-3 use cooling water withdrawn from the Taunton River; unit 4 uses
water withdrawn from the Lee’s River. The remaining four units are internal combustion turbines that do-not require cooling
water. All units became operational between August 1963 and December 1974,

Braylon Point’s total net generation in 1999 was 8.7 million MWh. Unit 3 accounted for 4.4 million MWh, or 51 percent, of
this total. Unit 1 and Unit 2 accounted for 1.8 million MWh (21 percent) and 1.7 million MWh (20 percent), respectively.
The capacity utilization of Brayton Point’s units ranged from 78 percent (Unit 3} to 86 percent (Unit 1). Unit 4 was on
standby in 1999 and had a capacity utilization of only 18 percent.

Table F2-1 presents details for Brayton Point’s eight units.

Table F2-1: Brayton Point Generator Characteristics (1999)

Genraor > oty Pime Ererey nfervice O Gonruion S ssncae
W | Mover g : L (Mwh) L cwis
1 P41 ¢ ST BIT  Aug 1963 | Operating @ 1812283 &  858% - 1
2241 . ST BIT  Jul194  Operatng | 174629 . §27% 2
|  Jul1969 . Operaing | 4400369 . W% 3
Dec. 1974 744188 179% 4

..........................................................................................................................................................................................................

L1967 204 0.8%  Not applicable

: : : E " Cold S_tandby
Total : 1,611 ° : . : © 8,703,848 61.7%

@ Prime mover categories: ST = steam turbine; IC = internal combustion.

® Encrgy source catcgories: Oil; BIT = bituminous coal; FO6 = No. 6 Fucl Oil; FO2 = No. 2 Fucl.

¢ For this analysis, capaeity utilization was calculated by dividing the unit’s actual nct gencration by the potential generation if the unit
ran at full capacity all the time (i.c., capacity * 24 hours * 365 days).

Source: U.S. Depantment of Energy, 2001a and 2001c.

* For the purposes of this analysis, “active” units include generating units that are operating, on standby, on cold standby, on test, on
maintenance/repairs, or out of service (all year). Active units do not include units that are on indefinite shutdown or retired.

F2-1
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F2-2 CWIS CONFIGURATION AND WATER WITHDRAWAL

Brayton Point operates two distinct cooling water systems to serve its four generating units. Cooling Water System #1 (CWS
#1) serves generating units 1-3 while Cooling Water System #2 (CWS #2) provides cooling water for the fourth generating
unit. The operation of these two systems over time is summarized in Table F2-2 and discussed below.

Table F2-2: Brayton Point Timeline of CWIS Operations

Time CWIS #1 : CWIS #2
Period
1963- - Units 1,2,3 put into operation. All three served by the same intake : N/A
1969 . structure with the following configuration: :
: » Source water: Taunton River

»  Six intake bays (2 for each unit)

* Conventional once-through system

»  Trash rack -

» Conventional traveling screen (rotated every 8 hours)

» High pressure spray wash (120 psi) to remove debris and

fish

Sluiceway to carry debris and fish to discharge point
beyond the influence of the intake structure

> Design intake flow: 925 MGD

A

- Seasonal Variation:

: May to October of each year fixed screens are placed on the
trash racks to prevent impingement of horseshoe crabs on the
traveling screen. Fixed screens are hauled and washed as

‘ necessary.
1969- | Operations unchanged from above. N/A
1973 : . :
1974 Operations unchanged from above. " Unit4purinwo operation. Served by one intake
“ © structure with the following configuration:
»  Source Water: Lee River
»  One intake bay
»  Closed-cycle cooling system
»  Trash racks
»  Conventional traveling screen
(uncertain about rotation/cleaning
schedule, but unlikely continuous)
1975- ¢ Operations unchanged from above. Operations unchanged from above.
1981 :
1981 i Operations unchanged from above. 1 Unit 4 begins piggyback operation. Water intake
: from Lee River ceases. All cooling water taken
from discharges from CWIS #1
1982 i Operations unchanged from above Piggyback operation.
1983 ! Unit 3 shut down for seven months, (8/83-2/84) o Piggyback operation.
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Table F2-2: Brayton Point Timeline of CWIS QOperations 1965 -Present (cont.)

Time CWIS #1 CWIS #2
Period :

1984 * All units operational. No change from configuration above. * Unit 4 begins once-through cooling (7/15/84)
‘ with the following configuration:
: »  Source water: Lee River

»  One intake bay

»  Trash racks

»  Angled traveling screens. Six
traveling screens set 25° from
upstrecam flow.

»  Fish bypass intakes at the apex of
angled screens.

»  Fish baskets (with water retention)
rmounted to screens.

»  Low-pressure spray to remove
impinged fish.

»  High-pressure spray to remove debris.

»  Separate fish and debris troughs.

»  Screens rotate at various speeds
depending on water differential.

»  Design intake flow: 395 MGD

i 1985 Umt 3 shut down for seven months (8/85-2/86) ; Fine mesh screens added to traveling screen
T ¢ structure from 3/835-9/85. All other operations
. remain unchanged.

1986- i Unit 3 shut down for six months {8/86-1/87). : Operales at onglna] once- through configuration.
1993 ‘
1993 Operatesat original configuration. . Piggybackforonemonth

© {2/25/93-3/31/93).

1994 : Operatesatoriginal configuration. . Piggyback operation for two months
:  (2/18/94-4129/94).

1995 i Unit 3 shut down for 2 months (2/1 8/-4/30). Facility notes this is a : Operates at original once-through configuration.
: p1ggyhack equxvalent :

1996 * Operates at original conﬁguranon : Piggyback operation for two months (2/27-4/30).
71997 MOA I instituted. Traveling screens begin continuous operation on CWIS #1. Facility-widc intake flow restricted 1o 925

: MGD during the winter season and 1,130 MGD during the suntmer season. Unit 4 required to operate piggyback at least
: elght months of the year.

Traveling screens operate continuously. ’"‘P.g'gybaék'c;';;eféii'c;h'fc;}"éig'ﬁé months (2/6-3/30,
4/17 5/28 10/2/97 5/27/98)
1998 No change from above. Plggyback opcranon for elght months (10/1/98-
: : 5/30/99)
]999 ...................................................................................................... P |ggybackoperanon for e;gh r momhs i 0/9)69)'- e
- 5/30/00).
. 2000 ....... :

¢ Piggyback operation for eight months (9/29/00-
© 5/3/01).
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a. Cooling water system #1

First placed into service in 1963 with the commencement of operations in generating unit #1, CWS #1 consists of one cooling
water intake structure to the east of the main facility that serves a conventional once-through system. A total of six intake
bays (two for each generating unit) withdraw water from the Taunton River. The intake bay depth is approximately 6.1m
below the mean sea level. Intake openings for bays 1-4 (serving generating units 1 and 2) are approximately 3.7m wide, while
those for bays 5 and 6 are approximately 5.2m wide. Each intake bay shares the same technological configuration.

CWS #1 currently employs trash racks and a continuously-rotating traveling screen across each of its six intake bays. Neither
technology is particularly effective at reducing impingement and/or entrainment losses. Cooling water withdrawn from the
Taunton River first passes through the trash racks into the intake channel. Next are conventional traveling screens equipped
with wire mesh panels with openings of 9.5mm?”. The screens continuously move in a vertical direction to remove impinged
organisms and debris. Impinged items are washed off the intake screen with a high-pressure spray (120 psi) within the screen
assembly. All debris is deposited in a sluiceway and carried lo a discharge point approximately 300fl to the east of the intake
structure.

CWS #1 modifies its intake operations seasonally to account for changes in available cooling water and migratory patterns of
indigenous organisms. From May to October, fixed screens are placed on the trash racks to prevent impingement of
horseshoe crabs on the traveling screens. Since 1993, Brayton Point has operated under a Memorandum of Agreement (MOA
I1} that effectively limits the maximum intake of CW'S #1 to 925 MGD.

b. Cooling water system #2
CWS #2 began conventional once-through operation in 1984 with an angled screen assembly with fish buckets and a fish
diversion/return system to reduce impingement mortality. No entrainment technology is currently in place.

An 18-month study conducted by the New England Power Company at the Brayton Point Station assessed the efficacy of the
angled screen/fish diversion assembly in reducing impingement losses at CWS #2 (Lawler, Matusky & Skelly Engineers,
1987). The study calculated the Diversion Efficiency (DE) of the system (the percentage of organisms that are either
impinged against the screen or diverted into the fish bypass pipe; this does not include entrained organisms) to be 76.3
percent. Excluding bay anchovy from the species increased the DE to 89.7 percent.? The Total System Efficiency (TSE)
represents the probability that a fish entering the angled screen system will be returned to the source waterbody and survive
for 48 hours. The study calculated the TSE of the system to be 33.1 percent. Excluding bay anchovy from the sample species
increased the TSE to 55.4 percent.™*

Originally designed as a closed-cycle system and placed into service in 1974 as the source of cooling water for generating
unit #4, CWS#2 currently operates as a conventional once-through system to the north of the main facility. Water is
withdrawn from the Lee River. The entire intake structure is approximately 44m long with an intake opening 34m. Cooling
water enters the intake through eight 3.4m-wide openings that extend from a depth of 5.5m below the mean sea level to 1.2m
above the mean sea level.

Cooling water withdrawn from the Lee River first passes through trash racks that extend to the bottom of the opening at an-
average approach velocity of 0.5 feet per second (fps). Downstream of the trash racks are six traveling screens angled 25°
from the direction of flow in the intake waterway. The screens are set perpendicular to the screenwell floor and have 9.5mm’
mesh panels. At the apex of the triangle formed by the angled screens are fish bypass inlets leading to two fish return pipes
that carry unimpinged fish back to the Lee River. The screens rotate vertically on a continuous basis; the speed is determined
by the differential in water height between the upstream and downstream sides of the screen face. Fish impinged against the
traveling screens are captured in fish buckets mounted to each screen assembly. The fish buckets rotate with the screens while
retaining sufficient water for any captured organisms. A low-pressure spray {(5-10 psi) removes most aquatic organisms inlo a

* Bay anchovy are the dominant fish species, in terms of number, at the Brayton Point facility. Inordinately high impingement rates
for bay anchovy occurred during a six-month test period during which fine mesh screens (1.0mm?) replaced the 9.5mm’ screens. Current
operations only employ the wide mesh screens.

3 Ibid.

* EPA does not typically use a 48-hour survival standard when determining the efficacy of an impingement technology. However, for
the purposes of this case study only (Mt. Hope Bay), EPA will use the facility’s determination.
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separate fish trough which then carries them to the fish diversion pipe and back to the Lee River. A high-pressure spray (120
psi) washes remaining debris into a debris trough.

At maximum capacity, Brayton Point CWS #2 can withdraw 395 MGD from the Lee River. Since 1997, the facility has
operated under MOA II, which limits the facility-wide intake flow during the winter months to 925 MGD. In an effort to
reduce the entrainment of winter flounder during the spawning season, CWS #2 does not withdraw water from the Lee River
from October through May. During this time, cooling water is obtained by diverting discharged water from CWS #1 to the
intake canal for CWS #2 (“piggyback operation”). Generating units 1-3 typically discharge less heat as a result of operations,
thereby making this process feasible. From 1984 (introduction of the once-through system for CWS #2) to 1997, piggyback
operation was used intermittently. Table F2-3 summarizes the modes of operation of Unit 4 from 1973 through 2000.

Table F2-3: Modes of Operation of Brayton Unit 4 from 1973 to 1978

Year Jan Feb @ Mar : Apr : May : Jun _i“]f Aug ¢ Sep  Oct : Nov Dec

1996 oc TToc e UeE Toc TToac tac o oc foc i oc 1 oc
..... A O e T
1998 . PB PB_ PB PB: PB OC -
1999 :pe . PB . PB . PB . PB . OC
2000 e e 1B PB | PB OC :0C oOC

Notes: CC = close-cycle cooling mode; OC = open-cycle mode; PB = piégyback mode.
Source: Personal communication, Meredith Simas, Environmental Engineer, Brayton Point Station, March 23, 2001.

F2-3 BRAYTON POINT GENERATION

During 1999, the Brayton Point power plant operated eight active units.® Total net generation in 1999 was 8.7 million MWh.
Unit 3 accounted for 4.4 miilion MWh, or 51 percent, of this total. Unit 1 and Unit 2 accounted for 1.8 million MWh (21
percent) and [.7 million MWh (20 percent), respectively. The capacity utilization of Brayton Point’s units ranged from 78
percent (Unit 3) to 86 percent (Unit I). Unit 4 was on standby in 1999 and had a capacity utilization of only 18 percenr.

* For the purposes of this analysis, “active” units include generating units that are operating, on standby, on cold standby, on test, on
maintenance/repairs, or out of service (all year). Active units do not include units that are on indefinite shutdown or retired.
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Table F2-4 presents details for Brayton Point’s eight units.

Table F2-4: Brayton Point Generator Characteristics {1999)
1 : : © Net | L IDof

Capacity | Prime | Energy 4 In-Service Operating ; i Capacity .
Generator ID: 5 b : : Generation L " 0 Associated
o (MW) : Mover* : Source : Date : Status § (MWh) | Utilization z CWIS
____________ I, ST BT . Augl963  Operating . 1812083 | 858% 1
___________ 2 ... . ST BT Jul1964  Operating ' 1746250 :  827%

IS o A ST BIT Operating | 4400369 @ = 782% . 3
4 4% ST FO6 ' Dx © Sundby 744,188 | 179% . 4
e .28 0 0C 02 Mar197 ColdSandby 204 . 0%  Notapplcable
________ 2 28 i FO2  Mar197 . ColdSmndby 176 - 07%
.......... I3 28 1€ FO2 ., Mr1967 | ColdStwndoy 181 . 08% -
IC4 : 2.8 : IC : FO2 : Mar. 1967 - Cold Standby : 188 0.8%
Total | 1,611 3: f ; © 8,703,848 6L7%

* Prime mover categories: ST = steam turbine; IC = intemal combustion.

® Energy source categories: Oil; BIT = bituminous coal; FO6 = No. 6 Fuel Oil; FO2 = No. 2 Fuel.

¢ For this analysis, capacity utilization was calcuiated by dividing the unit’s actual net generation by the potential generation if the unit
ran at full capacity all the time (i.e., capacity * 24 hours * 365 days).

Source: U.S. Department of Energy, 2001c; U.S. Department of Energy, 20012, for Net Generation and CWIS ID.

Figure F2-1 below presents Brayton Point’s electricity generation history between 1970 and 2000.

Figure F2-1: Brayton Point Net Electricity Generation 1970 - 2000 (in MWh)
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Source: U.S. Department of Energy, 2001c, 2001d.
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Chapter F3:
Evaluation of I&E Data

This chapter presents the results of EPA’s evaluation of [ - =3
potential impingement and entrainment {I&E) of aquatic CHAPTER CONTENTS

organisms in Mount Hope Bay resulting from the CWIS of

Brayton Point. The focus of EPA’s evaluation was the F3-1 Species Impinged and Entrained at Brayton Point .. F3-1
potential impacts of Brayton Point’s current operations on F3-2  Life Histories of Major Species Impinged

relatively healthy fish populations. Because fish and Entrained ... F3-2

populations in Mount Hope Bay are currently depressed F3-3  Brayton Point Generating Station’s I&E Sampling

well below historical levels, EPA based its evaluation on 1:3&3}] c;ds Im m emcm Momtonng """"""" Fl;?l- g
the most comprehensive historical time series of 1&E data F112 En?rai%lment Monitoring . T R0
for Brayton Point (1974-1983) and adjusted these rates for F34 Annual Impingement and Entrainment . .. ....... F3-11

the facility’s current technologies and operations. It
should be noted, however, that using pre-1984 data still
probably produces an underestimate of I&E levels because
there is data suggesting that the plant contributed to a
declining fishery even before 1984, though the decline accelerated precipitously after 1984. Unfortunately, there is no Mount
Hope Bay abundance data from before Brayton Point Station began operations to provide true baseline population levels
unaffected by the plant. Section F3-1 lists fish species that are impinged and entrained at Brayton Point, and Section F3-2
presents life histories of the most abundant species in the facility’s I&E collections. Section F3-3 summarizes the facility’s
I&E collection methods, and Section F3-4 presents results of EPA’s analysis of annual impingement and entrainment. Section
F3-5 summarizes the resuits of EPA’s analyses.

F3-1 SpPECIES IMPINGED AND ENTRAINED AT BRAYTON POINT

EPA evaluated species known to be impinged and entrained at Brayton Point based on information provided in facility I&E
monitoring reports (PG&E Generating and Marine Research Inc., 1999; personal communication, Meredith Simas,
Environmental Engineer, Brayton Point Station, January 24, 2002). Approximately 18 diffcrent species have been identified
in Brayton Point’s [&E collections since monitoring began in 1972, At least 10 (56 percent) of these species have
commercial and/or recreational value. Table F3-1 lists species identified in the facility’s I&E collections. EPA evaluated all
the species impinged and entrained at Brayton Point, except a group of unidentified impinged fish species.
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Table F3-1: Aquatic Species Identified in I&E Cellections by Brayton Point

Common Name : Scientific Name : Commercial : Recreational Forage
Alewife ‘Alosa pseudoharengus : X
Amencan sand 13]’1(.8 - ‘ ;Ammodv!es americanus . S R - X o
A Erevoomatymnnus ..................................... e ——
At]annc sdversldc ............................ Memdzamemdza ............................ e X .........
Bay ancmw e ”?Anchoa T s R
Blochick herr]ng , Alomaemmm SO OO O SOV TUPPOOY
Buterfish - Pepriluswriacanthus . X
HogchOker IR e Trmeczesmacm’atus IS , el TR ........ o
R Osmems e o S
Scup ........................... s S[enotamuschrysops SO oo UO U UUUOOU OO TSP PO U RUSUION
Sedboardgoby ............................ Gobwsomagmsburgz TSN SO
Sllver hakc ....... :Merluccius bilinearis ‘
Smpedkm[ﬁsh Fundu[usnmjahs .........................
Tau;og ............................................. Tauwgaomm ..................................................... x ............. N
Threespine stickleback  Gasterosteus aculeatus aculearss o x
Weaemoy Cynoscwnregahs ................................ R R e
Whneperch .............. R Momneamencam e e
Winter flounder 'JﬁPIeuronectesamertcanus S x [

Sources: PG&E Generating and Marine Research inc., [999; Matt Camisa, Fisheries Supervisor, Massachusetts DMF, Personal
Communication, January 31, 2002; personal communication, Meredith Simas, Environmental Engineer, Brayton Point
Station, January 24, 2002.

F3-2 LIFE HISTORIES OF MAJOR SPECIES IMPINGED AND ENTRAINED

Alewife (Alosa pseudoharengus)

Alewife is a member of the herring family, Clupeidae, and ranges along the Atlantic coast from Newfoundland to North
Carolina (Scott and Crossman, 1998). Alewife tend to be more abundant in the mid-Atlantic and along the northeastern coast.
They are anadromous, migrating inland from coastal waters in the spring to spawn. Adult alewife overwinter along the
northern continental shelf, settling at the bottom in depths of 56 to 110 m (184 {t 10 361 ft) (Able and Fahay, 1998). Adults
feed on a wide variety of food items, while juveniles feed mainly on plankton (Waterfield, 1995).

Alewife has been introduced to a number of lakes to provide forage for sportfish (Jude et al., 1987b). Ecologically, alewife is
an important prey item for many fish, and commercial landings of river herring along the Atlantic coast have ranged from a
high of 33,974 metric tons (74.9 million Ib) in 1958 to a low of less than 2,268 metric tons (5 million b} in recent years
(Atlantic States Marine Fisheries Commission , 2000b).

Spawning is temperature-driven, beginning in the spring as water temperatures reach 13 1o 15 °C (55 to 59 °F) and ending
when they exceed 27 “C {80.6 'F) (Able and Fahay, [998). Spawning takes place in the upper reaches of coastal rivers, in
slow-flowing sections of slightly brackish or freshwater.

Females lay demersal eggs in shallow water less than 2 m (6.6 [t} deep (Wang and Kemnehan, 1979). They may lay from
60,000 to 300,000 eggs at a time (Kocik, 2000). The demersal eggs are 0.8 to 1.27 mm (0.03 to 0.05 in.) in diameter, Larvae
hatch at a size of approximately 2.5 to 5.0 mm (0.1 to 0.2 in.) total length (Able and Fahay, 1998). Larvae remain in the
upstream spawning area for some time before drifting downstream to natal estuarine waters. Juveniles exhibit a diurnal
vertical migration in the water column, remaining near the bottom during the day and rising to the surface at night (Fay et al,,
1983a). In the fall, juveniles move offshore to nursery areas (Able and Fahay, 1998).
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Maturity is reached at an age of 3 to 4 years for males, and 4 to 5 years for females (Able and Fahay, 1998). The average size
at maturity is 2635 to 278 mm (10.4 to 10.9 in.) for males and 284 to 308 mm (11.2 to 12.1 in.) for females (Able and Fahay,
1998). Alewife can live up to 8 years, but the average age of the spawning population tends to be 4 to 5 years (Waterfield,
1995; Public Service Electric and Gas Company, [999¢).

- Food source: Small fish, zooplankton, fish eggs, amphipods, mysids.©

L. ( 5 Prey for: Striped bass, weakfish, rainbow trout.

- Life stage information:
ALEWIFE :
(Alosa pseudoharengus) . Eggs: demersal
:»  Found in waters less than 2 m (6.6 ft) deep.®
__________________________________________________________________________ o»  Are0.81to 1.27 mm (0.03 to 0.05 in.) in diameter.
. Larvae:
‘»  Approximately 2.5 to 5.0 mm (0.1 to 0.2 in.) at hatching.
:»  Remain in upstream spawning area for some time before drifting
downstream to natal estuarine waters.

Common names: River herring, sawbelly, kyak, branch
herring, freshwater herring, bigeye herring, gray herring,
grayback, white herring.

- Juveniles:
:»  Stay on the bottom during the day and rise to the surface at night.#
“»  Emigrate to ocean in summer and fall.”

Similar species: Blueback herring.

Geographic range: Along the western Atlantic coast from

Newfoundland to North Carolina.® .
. Adults: anadromous

‘»  Reach marurity at 34 years for males and 4-5 years for females.”

:®»  Average siZe at marurity is 265-278 mm (10.4-10.9 in.) for males and
284-308 mm (11.2-12.1 in.) for females."

.»  Overwinter along the northern continental shelf.

Habitat: Wide-ranging, tolerates fresh to saline waters,
travels in schools.

Lifespan: May live up to 8 years.>

Fecundity: Females may lay from 60,000 to 300,000 eggs at
a time.!

> Scott and Crossman, 1998,

" PSEG, 1999c¢,

© Waterfield, 1995.

4 Kocik, 2000.

© Wang and Kemehan, 1979.

! Able and Fahay, 1998.

¢ Fayetal, 1983a.

Fish graphic courtesy of New York Sportﬁshing and Aquatic Resources Educational Program, 2001.

Atlantic menhaden (Brevoortia tyrannus)

The Atlantic menhaden, a member of the Clupeidae (herring) family, is a eurohaline species, occupying coastal and estuarine
habitats. It is found along the Atlantic coast of North America, from Maine to northern Florida (Hall, 1995). Adults
congregate in large schools in coastal areas; these schools are especially abundant in and near major estuaries and bays. They
consume plankton, primarily diatoms and dinoflagellates, which they filter from the water through elaberate gill rakers. In
turn, menhaden are consumed by almost all commercially and recreationally important piscivorous fish, as well as by dolphins
and birds (Hall, 1993).

The menhaden fishery, one of the most important and productive fisheries on the Atlantic coast, is a multimillion-dollar
enterprise (Hall, 1995). Menhaden are considered an “industrial fish” and are used to produce products such as paints,
cosmetics, margarine (in Europe and Canada), and feed. as well as bait for other fisheries. Landings in New England declined
to their lowest level of approximately 2.7 metric tons (5,952 Ib) in the 1960s because of overfishing. Since then, landirgs
have varied, ranging from approximately 240 metric tons (529,100 Ib) in 1989 to 1,069 metric tons (2,356,742 1b) in 1998
(Personal Communication, National Marine Fisheries Service, Fisheries Statistics and Economics Division, Silver Spring,
Maryland, March 19, 2001).
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Atlantic menhaden spawn year round at sea and in larger bays (Scott and Scott, 1988). Spawning peaks during the southward
fall migration and continues throughout the winter off the North Carolina coast. There is limited spawning during the
northward migration and during summer months (Hall, 1995). The majority of spawning occurs over the inner continental
shelf, with less activity in bays and estuaries (Able and Fahay, 1998).

Females mature just before age 3, and release buoyant, planktonic eggs during spawning (Hall, 1995). Atlantic menhaden
annual egg production ranges from approximately 100,000 to 600,000 eggs for fish age 1 to age 5 (Dietrich, 1979). Eggs are
spherical and between 1.3 to 1.9 mm (0.05 to 0.07 in.) in diameter (Scott and Scott, 1988).

Larvae hatch after approximately 24 hours and remain in the plankton. Larvae hatched in offshore waters enter the Delaware
Estuary | to 2 months later to mature (Hall, [995). Juvcniles then migrate south in the fall, joining adults off North Carolina
in January (Hall, 1995). Water temperatures below 3 "C (37 °F) kill the larvae, and therefore larvae that fail to reach estuartes
before the fall are more likely to die than those arriving in early spring (Able and Fahay, 1998). Larvae hatchout at 2.4 to 4.5
mm (0.09 t0 0.18 in.). The transition to the juvenile stage occurs between 30 and 38 mm (1.2 and 1.5 in.} (Able and Fahay,
1998). The juvenile growth rate in some areas is estimated to be 1 mm (0.04 in.) per day (Able and Fahay, 1998).

During the fall and early winter, most menhaden migrate south off of the North Carolina coast, where they remain until March
and early April. They avoid waters below 3 “C, but can tolerate a wide range of salinities from less than 1 percent up to 33-37
percent (Hall, 1995). Sexual maturity begins at age 2, and all individuals are mature by age 3 (Scott and Scott, 1988).

Adult fish are commonly between 30 and 35 cm (11.8 and 13.8 in.) in length. The maximum age of a menhaden is
approximately 7 to 8 years (Hall, 1995), although individuals of 8-10 years have been recorded (Scott and Scott, 1988).

: Food Source: Phytoplankton, zooplankton, annelid worms, detritus®

: Prey for: Sharks, cod, pollock, hakes, bluefish, tuna, swordfish,
" scabirds, whales, porpoises.’

' Life stage information:

ATLANTIC MENHADEN - Eggs: pelagic .
(Brevoortia tyrannus) :»  Spawning takes place along the inner continental shelf, in open
marine waters.

T TR ‘v Eggs hatch after approximately 24 hours.

Family: Clupeidae (hermings). s

Common names: menhaden, bunker, fatback, bugfish. Larvae: pelagic

:»  Larvae hatch out at sea, and enter estuarine waters 1 10 2 months
later.?

.»  Remain in estuaries through the summer, emigrating to ocean

' waters as juveniles in September or October.

Similar species: Gulf mcnhaden, yellowfin menhaden.

Geographic range: From Maine to northem Florida along the
Atlantic coast.?

o Adults:
oo . . Y ) ]
Habitat: Open-sea, marine waters. Travels in schools. ‘»  Congregate in large schools in coastal areas.

»  Spawn year round.”
Lifespan:
»  Approximately 7 to 8 years.

Fecundity:
»  Fcmales may produce between 100,000 to 600,0()0_;5;;5_.“_______1 -

* Hall, 1995.

® Scott and Scott, 1988.

¢ Dietrich, 1979.

¢ Ablc and Fahay, 1998.

Fish graphic from South Carolina Department of Natural Resources, 2001.
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Atlantic silverside (Menidia menidia)

The Atlantic silverside is a member of the silverside family, Atherinidae. lts geographic range extends from coastal waters of
New Brunswick to northern Florida (Fay et al., 1983b), but it is most abundant between Cape Cod and South Carolina {Able
and Fahay, 1998). Atlantic silversides inhabit sandy seashores and the mouths of inlets (Froese and Pauly, 2001). Silversides
are an important species of forage fish, eaten by valuable fishery species such as striped bass (Morone saxatilis), bluefish
(Pomaiomus salarrix), weakfish (Cynoscion regalis), and Atlantic mackerel (Scomber scombrus) (Fay et al., 1983b; McBride,
1995).

Atlantic silversides spawn in the upper intertidal zone during spring and summer. Spawning appears to be stimulated by new
and full moons, in association with spring tides. On average, females produce 4,500 to 5,000 demersal eggs per spawning
season, which may include four to five separate spawning bouts (Fay et al.,, 1983b). The eggs are 0.9 to 1.2 mm (0.04 to 0.05
in.) in diameter, Larvae range in size from 5.5 to 15.0 mm (0.2 to 0.6 in,) (Fay et al., 1983b). The sex of Atlantic silversides
is determined during the larval stage, at approximately 32 to 46 days after hatching. Water temperatures between 11 and

19 °C (52 and 66 °F) produce significantly more females, whereas temperatures between 17 and 25 °C (63 and 77 °F) produce
significantly more males (Fay et al., 1983b).

Juveniles occur in estuaries during the summer months, occupying intertidal creeks, marshes, and shore zones of bays and
estuaries. Silversides typically migrate offshore in the winter (McBride, 1995). [n studies of seasonal distribution in
Massachusetts, all individuals left inshore waters during winter months (Able and Fahay, 1998).

The diet of juveniles and adults consists of copepods, mysids, amphipods, cladocerans, fish eggs, squid, worms, molluscs,
insects, algae, and detritus (Fay et al., 1983b). Atlantic silversides feed in large schools, preferring gravel and sand bars, open
beaches, tidal creeks, river mouths, and marshes (Fay et al., 1983b).

Silversides live for only 1 or 2 years, usually dying after completing their first spawning (Fay et al., 1983b). Adults can reach
sizes of up to [5 cm (5.9 in,) in total length (Froese and Pauly, 2001).

: Food Source: Zooplankron, fish eggs, squid, worms, molluscs, insects,
- algae, and detritus.”

- Prey for: Striped bass, bluefish, weakfish, and Atlantic mackerel.*

ATLANTIC SILVERSIDE  Life stage information:
(Menidia menidia) ‘
. Eggs: demersal
:»  Found in shallow waters of estuarine intertidal zones.*
R L =:»  Can be found adhering to submerged vegetation.*
Family: Atherinidae (silversides). )
. Larvae:

Common names: Spearing, sperling, green smelt, sand smelt, ., Range from 5.5 to 15.0 mm (0.2 to 0.6 in.} in size.?
white bait, capelin, shiner.’ .»  Sexis determined during the larval stage by the temperature
. . ) . regime. Colder temperatures tend to produce more females, and
Similar species: Inland silverside (Menidia beryllina)? ; warmer temperatures produce more males.?
Geographic range: New Brunswick to northern Florida.® :
. . . Adulrs:
Habitat: Sandy seashores and the mouths of inlets.” '»  Overwinter in offshore marine waters.?

{»  Can reach sizes of up to 15 cm (5.9 in.) total length.’
Lifespan: One or 2 years. Often die after their first spawning.”

Fecundity: Females produce an average of 4,500 to 5,000 eggs .
per spawning season.”

* Fay et al., 1983b.

® Froese and Pauly, 2001.

¢ McBride, 1995.

¢ Able and Fahay, 1998.

Fish graphic from Government of Canada, 2001,
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Tautog (Tautoga onitis)

The tautog is a member of the Labridae family, found in coastal areas from New Brunswick south to South Carolina. It is
most abundant from Cape Cod, Massachusetis, to the Delaware Estuary {Atlantic States Marine Fisheries Commission,
2000e). Tautog are most frequently found close to shore, preferring rocky areas or other discontinuities such as pilings,
jetties, or wrecks and salinities of greater than 25 ppt (Jury et al., 1994). They generally consume mussels, small crustaceans,
and other molluses (Steimle and Shaheen, 1999).

Tautog have historically supported a primarily recreational fishery. Since 1980, landings have averaged about 3,700 metric
tons (8.1 million Ib), with recreational catches accounting for 90 percent of the total (Atlantic States Marine Fisheries
Commission, 2000e). The majority of Tautog are harvested by hook and line from private boats (Auster, 1989); however,
there are also significant charter and party boat fisheries. Although commercial landings accounted for only 8.7 percent of the
total from 1982 to 1991, commercial fishing has been increasing because of higher market prices (Atlantic States Marine
Fisheries Commission, 2000h). There is evidence that the fishery is declining, with lower recreational and commercial catch
rates. A survey conducted in Narragansett Bay in 1994 showed the lowest abundance of tautog ever recorded. Tautog are
susceptible to overfishing, particularly because they experience slow growth and reproduction and tend to be easily found
near wrecks and rock piles (Atlantic States Marine Fisheries Cémmission, 2000e).

Tautog migrate inshore in the spring to spawn in inshore waters. Spawning generally occurs between mid-May and August,
peaks in June (Auster, 1989), and primarily takes place at the mouths of estuaries and along the inner continental shelf. In
Narragansetl Bay, tautog are known to return to the same spawning sites in the upper estuary each year. Fecundity increases
with age until approximately age 16, when it begins to decline (Steimle and Shaheen, 1999), Females between 3 and 20 years
were documented to contain between 5,000 and 673,500 mature eggs. The eggs are buoyant, and hatch out in approximately
2 to 3 days (Auster, 1989).

Larvae hatch out at 2 to 4 mm (0.079 to 0.157 in.) and migrate vertically in the water column, surfacing during the day and
remaining near the bottom at night. Tautog are the most abundant larval species in Narraganseit Bay, As they get oider, they
become more benthic (Steimle and Shaheen, 1999). Small juveniles will remain in estuaries year-round, in a home range of
only several hundred meters, becoming torpid over the winter (Jury et al., 1994), while larger ones will join adults in deeper
water, Small juveniles prefer vegetated habitats in depths of less than 1 m (3.3 ft) and are not observed in Narragansett Bay
water deeper than 9 m (30 fi). Older juveniles and adults inhabil ree{-like habitats that provide some type of cover (Steimle
and Shaheen, 1999).

Tautog do not tend to migrate far offshore; however, adulls move to deeper water in the fall, responding to decreases in
temperature. Although they move to waters as deep as 45 m (148 ft), tautog select areas with rugged topography for cover.
Adults return to coastal waters and estuaries to spawn when waters warm in the spring. Maturity is reached at about 3 to 4
years ol age. Age 7 tautogs in Rhode Island had mean lengths of 348 mm {14 in.) for males and 301 mum (12 in.) for fernales.
Males may live for over 30 years, while females may live to about 25 years of age (Steimle and Shaheen, 1999).
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. Food Source: Juveniles feed on amphipods and copepods. Adults feed
:mainly on blue mussels, smali crustaceans, and other molluscs.®

" Prey for: Smooth dogfish, barndoor skate, red hake, sea raven, goosefish,
' striped bass, silver hake, bluefish, seabirds.*

TAUTOG Life stage information:
............................... (Tautoga onitis) ...
Family: Labridae (wrasses). - Eggs: buoyant

i»  Hatch outin 2 to 3 days.?’
‘Common names: tautog, blackfish, white chin, chub, black !

porgy.® : Larvae: pelagic
:»  Young larvae migrate vertically in the water column, surfacing during
Similar species: Cunner (Tautogolabrus adspersus). . the day and remaining near the bottom at night.*
Geographic range: Most abundant from Cape Cod, 1 Juveniles: benthic
Massachusetts to the Delaware Estuary.® :»  Small juveniles prefer vegetated areas in depths less than 1 m (3.3 fi).

“»  Larger juveniles prefer covered, reef-like habitats.
Habitat: Rocky shoals around coastal shores. :
‘Adules:
Lifespan: Maturity is reached at about 3 to 4 years. > Inhabit reef-like habitats that provide some type of cover.?

Maximum age of over 30 years for males, 25 years for .»  Migrate inshore in late spring to spawn at the mouths of estuaries and
fernales.® along the inner continental shelf.

Fecundity: Mature females may contain between 5,000 and :

* Steimle and Shaheen, 1999.

b Atlantic States Marine Fisheries Commission, 2000e.

< Scott and Scott, [988.

4 Auster, 1989,

Fish graphic from: State of Maine Division of Marine Resources, 2001c.

Windowpane (Scophthalmus aguosus)

Windowpane is a member of the Scophthaimidae family (left-eye flounders) found from the Gulf of St. Lawrence to Florida,
inhabiting estuarine and shallow continental shelf waters less than 56 m (184 fi) deep (Able and Fahay, 1998). They have
been found in areas with muddy or sandy bottoms, water temperatures ranging from 0 to 24°C (0 to 75 °F), and salinities of
5.5 to 36 ppt (Chang et al., 1999).

Spawning occurs over the continental shelf and in estuaries, but not in waters over 20 °C (68 °F) (Kaiser and Neuman, 1993).
The timing of spawning varies with location: in Mid-Atlantic Bight waters, spawning occurs from April through December,
peaking in May and October, while on Georges Bank spawning occurs during summer and peaks in July and August
{Hendrickson, 2000). The estimated average lifetime fecundity of females is 100,000 eggs (New England Power Company
and Marine Research Inc., 1995). Eggs are buoyant and hatch out in 8 days at a water temperature of 11°C (52 °F) (Chang et
al., 1999). Eggs and larvae are planktonic, but movements are poorly understood. Between 6.5 and 13.0 mm (0.256 and
0.512 in.), eye migration occurs and the body becomes more laterally compressed (Able and Fahay, 1998). Juveniles appear
to use estuaries as nursing areas, and then move to offshore waters in the fall (Kaiser and Neuman, 1995).

Although windowpane have been found to migrate 130 km (81 miles) in a few months, mest researchers agree that
windowpane generally do not migrate long distances (Chang et al., 1999).

Windowpane reach sexual maturity at age 3 or 4 (Hendrickson, 2000). Adults reach a maximum length of approximately 46
cm (18 in.), and may live up to 7 years (Scott and Scott, 1988).

While windowpane has not been a particularly important commercial {ish, it may become more so as stocks of summer
flounder are overfished. Commercial catches began in 1943, and through 1975 windowpane was harvested as part of an
industrial fishery. Landings in southern New England peaked in 1985 at 2,100 metric tons (4.6 million Ib), decreased to a low
of 100 metric tons (0.2 million Ib) in 1995, and have remained below 200 metric tons (0.4 million 1b) since then. Populations
have also decreased since the 1980's, and overfishing is suspected as a main cause (Hendrickson, 2000).
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*Food Source: Young consume mysids; adults feed on sand shrimp,
small fish (up to [0 cm), crustaceans, molluscs, and seaweed.

: Prey for: Spiny dogfish, thomy skate, goosefish, Atlantic cod, black
sea bass, weakfish, and summer flounder.*

. Life stage information:

WINDOWPANE

(Scophthalmus aquosus) Eggs: buovant
-»  Eggs are buoyant and hatch out in 8 days at a water temperature

.......... e RO T - B o

Family: Scophthalmidae (lefi-eye flounder).

¢ Larvae: pelagic

Common names: windowpane. i»  Eye migration occurs and the body becomes more laterally
' compressed.

Similar species: turbot (ScophAthalmus maximus), brill

(Scophthalmus rhombus). . Juveniles:
.*  Use estuaries as nursing areas, retumning to offshore waters in the
Geographic range: From the Gulf of St. Lawrence to Florida.* fall.®

Habitat: Estnarine and shallow continental shelf waters of depths: Adults:
less than 56 m (184 ft).? :»  Reach a maximum length of approximately 46 cm.®
:»  Seasonally migrate to deeper waters in late autumn to overwinter.?

Lifespan: Approximately 7 years.®

' Fecundity: Average lifetime fecundity of 100,000 eggs® . o

* Able and Fahay, 1998,

b Scott and Scott, 1988,

© New England Power Company and Marine Research Inc., 1995,
“ Chang et al., 1999.

¢ Kaiser and Neuman, 1995.

Fish graphic from NEFSC, 2001.

Winter flounder (Pleuronectes americanus)

Winter flounder is a benthic flatfish of the family Pleuronectidae (righteye flounders), which is found in estuarine and
continental shelf habitats. [ts range extends from the southern edge of the Grand Banks south to Georgia (Buckley, 1989b).
It is a bottom feeder, occupying sandy or muddy habitats and feeding on bottom-dwelling organisms such as shrimp,
amphipods, crabs, urchins, and snails (Froese and Pauly, 2001).

Both commercial and recreational fisheries for winter flounder are important. U.S. commercial and recreational fisheries are
managed under the New England Fishery Management Council’s Multispecies Fishery Management Plan and the Atlantic
States Marine Fisheries Commission’s Fishery Management Plan for Inshore Stocks of Winter Flounder (NEFSC, 2000d).
Three groups are recognized for management and assessment purposes: Gulf of Maine, Southern New England-Mid Atlantic,
and Georges Bank. Management currently focuses on reducing fishing levels to reverse declining trends and rebuild stocks.
The Gulf of Maine stock is currently considered overfished (NEFSC, 2000d). Although improvements in stock condition will
depend on reduced harvest, the long-term potential catch (maximum sustainable yield) has not been determined.

The winter flounder is essentially nonmigratory, but there are seasonal patterns in movements within the estuary, Winter
flounder south of Cape Cod generally move to deeper, cooler water in summer and return to shallower areas in the fall,
possibly in response to temperature changes (Howe and Coates, 1975; Scott and Scott, 1988).

Spawning occurs between January and May in New England, with peaks in the Massachusetts area in February and March
(Bigelow and Schroeder, 1953). Spawning habitat is generally in shallow water over a sandy or muddy bottom (Scott and
Scott, 1988). Adult fish tend to leave the shallow water in autumn to spawn at the head of estuaries in late winter. The
majority of spawning takes place in a salinity range of 31 to 33 ppt and a water temperature range of 0 to 3 °C (32 to 37 °F).
Females will usually produce between 500,000 and 1.5 million eggs annually, which sink to the bottom in clusters. The eggs
are about 0.74 to 0.85 mm (approximately 0.03 in.) in diameter, and hatch in approximately 15 to 18 days (Bigelow and
Schroeder, 1953).
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Larvae are about 3.0 to 3.5 mm (0.1 in.) total length when they hatch out. They develop and metamorphose over 2 to 3
months, with growth rates controfled by water temperature (Bigelow and Schroeder, 1953). Larval growth appears to be
optimal with a slow increase from spawning temperatures of 2 "C (36 "F) to approximately 10 “C (50 "F; Buckley, 1982).
Larvae depend on light and vision to feed during the day and do not feed at night (Buckley, 1989b). Juveniles tend to remain
in shallow spawning waters, and stay on the ocean bottom (Scott and Scott, 988).

Fifty percent of females reach maturity at age 2 or 3 in the waters of Georges Bank, while they may not mature unti] age 5 in
more northern areas such as near Newfoundland. Females are generally 22.5 to 31.5 cm (8 to 12.4 in.) long at maturity
(Howell et al., 1992),

Winter flounder supports important commercial and recreational fisheries in the area, as it is the thickest and meatiest of the
common New England flatfish (Bigelow and Schroeder, 1953). Annual commercial landings in New England declined from
17,083 metric tons (37.7 million Ib) in 1981 to 3,223 metric tons (7.1 million 1b) in 1994. The harvest has increased
somewhat since then, rising to 5,123 metric tons (11.3 million 1b) in 2000 (personal communication, National Marine
Fisheries Society, Fish Statistics and Economics Division, Silver Spring, MD, January 16, 2002.). Winter flounder is
ecologically important as a prey species for larger estuarine and coastal fish such as striped bass {Morone saxatilis) and
bluefish (Pomatomus saltatrix) (Buckley, 1989b).

. Food source: Bottom-dwelling organisms such as shrimp, annelid
: worms, amphipods, crabs, urchins and snails.®

' Prey for: Striped bass, bluefish.”

“Life stage information:

WINTER FLOUNDER
(Pleuronectes americanus) - Eggs: demersal

»  Approximately 0.74 to 0.85 mm (0.03 in.) in diameter.*
“»  Hatch in approximately 15 to 18 days.”

Larvae: semi-pelagic

Common names: Blackback flounder, lemon sole, black > Approximately 3.0 to 3.5 (0.1 in.) mm total length when they hatch
flounder.* out*

Similar species: American plaice (Hippoglossoides Juveniles: demersal

platessoides), European plaice (P. platessus). .»  Once winter flounder enter the juvenile stage, they remain benthic,

preferring sandy bottomed substrates.
Geographic range: From the southern edge of the Grand

Banks south to Georgia.” Adults:
:»  Females mature at ages 2 and 3.°
Habitat: Bottom dweller. Found in coastal marine waters.* »  Migrate seasonally to offshore waters in the summer, and inshore

waters in the winter.”

Lifespan: May live up to 15 years.

Fecundity: Females produce between 500,000 and 1.5 million :
egps annually,” ]
* Bigelow and Schroeder, 1953.

® Buckley, 1989b.

¢ Scott and Scott, 1988.

¢ Grimes et al., 1989.

° Howeli et al., 1992,

Fish graphic from State of Maine Division of Marine Resources, 2001d.

F3-3 BRAYTON POINT GENERATING STATION's I&E SAMPLING METHODS

Impingement sampling was conducted from 1972 through 1998. Entrainment sampling has been conducted periodically in
the discharge of units 1, 2, and 3 since 1972. The following sections describe these sampling programs.
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F3-3.1 Impingement Monitoring

- Impingement sampling of the revolving screens at units 1,2, and 3 was conducted from 1972 through 1998. Sampling was
conducted year-round, as long as each unit was in operation (USGen New England, 2001).

The traveling screens for units 1, 2, and 3 have 9.5 mm (0.375 in.) mesh (PG&E National Energy Group, 2001). During
impingement sampling, screenwash water was diverted to in-line collection tanks. All fish collected were identified and
counted, although counts were reported separately only for selected species; all other species were reported as a group.

From 1972 to 1996, impingement was monitored three times per week by placing a trap in the sluiceway downstream of the
revolving screens while the wash system was in operation. All of the fish collected in the trap were counted, identified, and
measured. Unit 3 screens, which have the highest impingement rate, were washed three times a day at 8 to 12 hour intervals.
Each of the three weekly collections took place at one of these wash periods. Units 1 and 2 were washed once per day, and
only two weekly collections were done at these units (New England Power Company and Marine Research Inc., 1998).

Since 1997, the revolving sereens have run continuously and are monitored daily. To monitor impingement rates, the
collection tank is periodically emptied and left in place for a 4 to 8 hour interval (PG&E Generating and Marine Research
Inc., 1999).

To derive annual estimates, the facility extrapolated counts from a weekly sampling period to derive a weekly total (PG&E
Generating and Marine Research Inc., 1999). Weekly totals were then summed to estimate an annual total. It should be noted
that the impingement data set used (1974-1983) likely represents an underestimate because that time period did not include or
record any of the occasional large-scale impingement events for menhaden that have occurred at Brayton Point over the years.
For example, in early 2002 an impingement event occurred in which approximately 25,000 menhaden were impinged from
January 5 through February 3, 2002, and then another approximately 6,400 were impinged from February 11 to February 16,
2002.

F3-3.2 Entrainment Monitoring

Entrainment sampling of selected species was conducted in the discharge stream of units 1, 2, and 3 from June 1972 through
December 1985. Until the middle of 1984, entrainment was sampled for units 1,2, and 3 only. When unit 4 switched to once-
through cooling in 1984, sampling was also conducted near the unit 4 discharge headwall from February through mid-May,
except when unit 4 was operating in piggyback mode (see Chapter F2; PG&E Generating and Marine Research Inc.,1999;
USGen New England, 2001; PG&E National Energy Group, 2001). Sampling ceased from 1986 through 1991. In January
1992, entrainment sampling was reinitiated during the larval season (February through mid-May) for winter flounder only, as
part of an examination of the winter flounder stock decline in Mount Hope Bay (USGen New England, 2001). Initially,
winter flounder entrainment was classified only as larvae or eggs, but from 1978 on, four larval stages were classified (PG&E
Generating and Marine Research Inc., 1999). Other species were not classified into separate larval stages.

From 1972 to 1979, sampling was conducted monthly from September through February and weekly from March through
August. In £979, the sampling frequency was increased to every 4 to 5 days from March through August (Marine Research
Inc. and New England Power Company, 1981). After 1992, the sampling schedule was again changed so that sampling was
conducted from February through mid-May every 4 to 5 days.

Sampling techniques have remained generally the same since 1972 (PG&E Generating and Marine Research Inc., 1999).
Collection was completed by streaming 0.333 mm (0.01 in.) or 0.505 mm (0.02 in.} mesh, 60 cm (24 in.) diameter plankton
nets in the discharge streams of the units. Three samples were taken at each sampling event (PG&E National Energy Group,
2001).

Differences in sampling gear mesh size made it necessary to standardize the entrainment data. Samples from the finer 0.333
mm (0.01 in.) mesh screens were adjusted by the facility to make the data comparable to the 0.505 mm (0.02 in.) mesh
screens, because this size mesh was used in the past to develop baywide winter flounder abundance estimates. An adjustment
factor derived from a mesh comparison study conducted at Brayton Point in 1994 (New England Power Company & Marine
Research Inc., 1995) was used to account for the extrusion of smaller larvae that would have occurred through the larger mesh
net. ' .

To derive annual estimates, the facility standardized larval densities to the number of larvae per 100 m® (26,000 gallons) of
water within each sampling day (PG&E Generating and Marine Research Inc., 1999). The facility extrapolated these larval
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densities to annual estimates using the reported monthly average circulating water volume. Since 1992, estimates of larval,
winter flounder entrainment were determined separately for units 1, 2, and 3 combined and for unit 4 alone.

F3-4 ANNUAL IMPINGEMENT AND ENTRAINMENT

There are a number of deficiencies in Brayton Point’s time series of I&E data. First, I&E data collected over the past decade
or so probably underestimate potential I&E of Mount Hope Bay fish species, since the populations of most fish species in the
area are severely depressed {Gibson, [996). In addition, Brayton Poinl’s entrainment monitoring since 1985 has included
only winter flounder. Therefore, to estimate potential 1&E at Brayton Point under current operating conditions for as many
species as possible, EPA used the most comprehensive historical time series of I&E data for Brayton Point (1974-1983) and .
adjusted these rates for the facility’s current operations,

EPA’s adjustment of historical I&E rates to reflect current operations considered (1) the effectiveness of the angled screens
on Unit 4, which the facility reports reduce impingement by 55.4%, and (2) the higher current intake flow resulting from the
conversion of Unit 4 to once through cooling in 1984 (see Chapter F'2 for technical details). EPA applied a scaling factor of
1.142 to impingement and entrainment data to account for the higher current intake flow and a scaling factor of 0.931 to
impingement data to account for the angled screen. The flow scaling factor was based on the annualized mean operational
flow (Units 1-3) during 1974-1983 of 720 MGD, and the current annualized mean operational flow (Units {-4) of 822 MGD.
The value 822 MGD for current annualized mean operational flow includes consideration of the fact that Unit 4 is operated in
piggyback mode during selected months. This flow estimate was derived from records of flow provided by the facility. The
use of the scaling factors increased the 1974-1983 entrainment rates by 14.2% and impingement rates by 6.4%.

EPA evaluated its estimates of annual I&E under current Brayton Point operations using the methods described in Chapter AS
of Part A of this document. The species-specific life history values used by EPA for its analyses are presented in Appendix
F1. Table F3-2 displays EPA’s estimates of annual impingement {numbers of organisms) by species. Table F3-3 displays
those numbers expressed as age 1 equivalents, Table F3-4 displays impingement of fishery species as yield lost to fisheries,
and Table F3-5 displays annual impingement expressed as production foregone. Tables F3-6 through F3-9 display the same
information for entrainment at Brayton Point.

F3-5 SUMMARY

Table F3-10 summarizes EPA’s estimates of annual I&E impacts of Brayton Point’s current operations on Mount Hépe Bay
fish species. Results indicate that, on average, current operations may be expected to result in annual impingement of about
45,000 organisms. This represents 69,329 age 1 equivalents, 5,091 pounds of lost fishery yield, and 2,808 pounds of
production foregone each year. Note that impingement losses expressed as age [ equivalents are higher than raw losses {the
actual number of organisms of all life stages that are impinged). This is because the ages of impinged individuals are assumed
to be distributed across the interval between the start of year 1 and the start of year 2, and then the losses are normalized back
to the start of year [ by accounting for mortality during this interval (for details see Chapter A5).

Most impinged species are the forage fish hogchoker, Atlantic silverside, alewife, and bay anchovy, and the fishery species
silver hake and winter flounder. There have also been episodes of high impingement of Atlantic menhaden, reaching several
hundred thousand losses within a few weeks (Phil Colarusso, EPA Region 1, personal communication, February 2002). The
most recent event, in winter 2002, involved the impingement of over 25,000 Atlantic menhaden. Annual entrainment
resulting from current operations is estimated to average over 16.7 billion organisms, representing over 3.8 million age 1
equivalents, 70,410 pounds of lost fishery yield, and 69.5 million pounds of production foregone each year.

Most entrained organisms are the forage species American sand lance, bay anchovy, and seaboard goby and the fishery
species winter flounder. The estimated average loss of over a half million age | equivalent winter flounder each year is
thought to represent most of the local stock of winter flounder according to estimates by the Rhode Island Division of Fish
and Wildlife (Phil Colarusso, EPA Region 1, personal cammunication, March 14, 2002).

The economic value of Brayton Point’s I&E losses is discussed in Chapters F4 (benefits transfer) and F5 (habitat-based
replacement cost). The potential benefits of reducing these losses with the preposed rule are discussed in Chapter F6.
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Table F3-2: EPA’s Estimate of Brayton Point Annual Impingement (numbers of organisms) Derived from Historical Impingement Rates Adjusted for
Current Opcrm‘ions
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Chapfer- F3: Evuluuflon of I&E Dafa

Tuble F3 3: EPA's Estimate of Annual Impmgemenf at Brayton Point Derived fr'om Hlsfor‘lca[ Impingement Rates Adjusted for Current Oper‘ahons and
Expressed as Age 1 Equwalen?s

Year  Alewite MA::ZZQ’:; Siiversde A.,':;ﬁyy;m&fﬁr'? cfé’f;,, Mot | ot ﬁ:ff.'?eﬁ. TauOp, gt ack 3‘”‘*""““5 Perch  Windowpane O
1974 3617 | 15717 7657 1562 415 1977 | 3602 | 4038 122 | 234 5584 188 2805 - 367 25,756
1975 ,”i',é)i'(;mf """ 21241303 2880 Cer 3033 0 189 4349 do1 | 394 Caom 366 | 2004 . 282 7091
19% 8194 . L133 2567 793 U og0e t Tase s | ss7 a5 . 2see a7 ¢ 6.009 S0 T oaen
1977 s5547 3249 6261 | Tsaa a20210 869 22460 2600 2945 . 1324 2251 5955 2444 21641
1978 4562 2011 34161 124 33 19,708 5,166 9935 . 291 2718 1786 | 58 . 1758 . 3076 . 37489
1979 2843 | 587 10037 B '137 5,539 “ses Usoor  ass3es | aaes T Thosy 136 6143
1980 TThses T o2 T sa%6 | raes 1, 166 8240 s o0 D700 7a3 T Taest 167 L 10as 1859 11861
1981 a1t a6 T o0z es e 3027 L 605 | a6t e4a b omag L v aa T st 2424 8119
1982 7360 | 163 '6794”'? 5551 0 224 ‘30162 U302 iaee7 o0 336 123 60 1071 878 . 4480
1983 1510 0 5123 5520 10 4265 252 (2040 0 | 256 63 21 . 586 %0 | 3264
Mean 8,855 ; 2,623 9,113 | 6,090 278 112,968 1,278 15773 0 572 1,230 2732 600 2,297 1,320 ¢ 13,601
Minimum 470 ¢ 0 1303 265 10 } 3,027 189 a0 w4l e23 27 ss7 9 . 3264
Maximum  §5547 © 15717 34161 . 28870 . 166 42,121 5,166 "22460'f"2‘,‘606"{'3",546” BTy R 2251 6009 3076 37489
b '16,.595 a1 e 8477”;” 359 13474' 1694 6,603 763 1,248 | '2415' 788 | 2,061 1,073 11,126
Total  88,546° 26232 | 91126 | 60902 2,775 1296811 12781 57727 5724 (12296 27321 5998 22967 13204 136005

Note: Impingement losses exprcssed as age | equivalents are larger than raw losses (the actual number of organisms impinged). This is because the ages of 1mpmged mdwuduals are

assurncd to be distributed across the interval between the start of year | and the start of ycar 2, and then the losses are normalized back to the start of year 1 by accounting for mortality
during this interval (for details, sce description of S% in Chapter A2, Equation 4 and Equation 5). This type of adjustment is applied to all raw loss records, but the effect is not readily
apparent among cntrainment losscs because the majority of entrained fish are younger than age 1
0=Sampled, but none collceted.
Wed Feb 13 11:51:10 MST 2002 ;Results; I Plant: brayton.projected ; Units: equivalent.sums Pathnarne:

P:/Intake/Brayton/Brayton_Science/scodes/tables.output.projected01/I.equivalent.sums.brayton.projected.esv
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§ 316(b) Case Studies, Part F: Brayton Point

F3-14

Tob|é“f;5-4: EPA's Estimate of Annual Impingement of Fishery Species at Brayton Point Derived from Historical Impingement Rates
Adjusted for Current Operations and Expressed as Yield Lost to Fisheries (in pounds)
Year Atlantic Menhaden Butterfish Rainbow Smelt iSilver Hake% Tautog Weakfish White Perch Windowpane §Winter Flounder
1974 1,845 10 4 Co1se 0 104 0 131 31 34 L1m
1975 L 249 g 0 P 1esa 176 0 256 23 26 764
977 L m RV 1 o8sa3  1312 :
1978 248 1 6 V 3,779 1,21I 3907” : Vl9v 7 : 285 ‘ 7”4,0‘37”””
719‘8() ) 5 1297 7 7297 o : - 0 - 396 i A 331 ‘ I l;) N 12 172 1,277
981 5 F I T 75 s 31 6 224 945

: 2 :
1982 19 Co6 0 1403 1 1491 1299 12 : 81 483

Mean
Miﬁirﬁumv : :
P

Towl G300 G IS 29S8 oses o oalw D s 1223 14645

0=Sampled, but nonc collected.
Wed Feb 13 11:51:28 MST 2002 ;Results; I Plant: brayton.prajected ; Units: yield Pathname:
P:/Intake/Brayton/Brayton_Science/scodes/tablcs.output.projected0 |/Lyield brayton.projected.csv

Chapter F3: Evaluation of T&E Data



§ 316(b) Case Studies, Part F: Brayton Point

Chapter F3: Evaluation of I&E Data

Table F3-5: EPA's Estimate of Annual Impingement at Brayton Point Derived from Historical Impingement Rates Adjusted for Current Operations and
Expressed as Production Foregone (in pounds)

Year | Alewife Atlantic

. Atlantc :

1974 6
T
1976 T iss gy
1977 iosa U
1978 87

1,348

L

181

1979 | s4 i S0

980 30 . 95

1981 9 4

983 29 0o

18

279

Ba

. : y Butter- |
Menhaden : Silverside | Anchovy: fish

2

Smelt

. Hogchoker Rainhow : Silver : Striped

i Tautog

Threespine

Weakfish |

White : Window-: Winter

1 773
3 271
5 3,994 |

: Hake : Killifish ;

P40

i Stickleback :

43

50
515

s

Perch |

99

e
212
L2210

17
19

2

”35
111

e
141

63 ?

40

e

e

pane : Flounder

1,664
458

1,398

2,422
397

766...,..

Mean ‘ 168
Mimimum : & 0
Maximum 1,054

SD 315 405
Total i 1,689; 2,251

1348

6

'|97 i

0 1174

74 10265

30 3994

567
212

0=Sampled, but none collected.

Wed Feb 13 11:51:19 MST 2002 ;Results; I Plant: brayton.projected ; Units: annual.prod.forg Pathname:

P:/Intake/Brayton/Brayton_Science/scodes/tables.output.projected0 1/l.annual.prod. forg.brayton.projected.esv
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Chapter F3: Evaluation of I&E Data

Table F3-6: EPA’'s Estimate of Brayton Paint Annual Entrainment (numbers of organisms) Derived from Historical Entrainment Rates Adjusted for
Current Operctions

Year Alewife ;AmerLizs:l:eSandé M}::::::iiecn S‘;:l:;t:;e Bay Anchovy Hogchoker Rg:l:;:w Scup : Seaboard Goby
1974 | 848337 3,908,121 P 443 538, 093 25 034, 1653 3440 864 344 B 0 9317827 0 | 533,634, 70
1975 0w 440 T Loss, 145, 594 2054 000" o 9286 758 903 25143906 899 822 U sa2291 ¢ 740278378
1976 L5936 | 2770430 REEYTIN ! E 150,802,186 | 84349 0T geasamany
1977 1578638 5 ,329070 U i2s, | o 0 412875632
1978 "2091 ; 60311262 73693538 0 1542365 8672482263 67483651 . 1442656 0 289,763,158
1979 0 191610863 ¢ 115900493 L 9402,720 | 13,609,577,224 | 64,661,257 Clazoosl L o0 eroanam
1080 mdm""“'5""'18953510"“{ "'385593622” 6601879 11,202,722,522 259, 60963577.Himl615204””?“712750912 201375379
1981 o 429,543 642””‘5 3015878 34957087 6349504627 | 120,298,108 : | 157,396 13221566 | 524387972
1982 262627 21794637 | 17,192935 | 16515078 | 11324946303 | 212,128, 674 91085 | 1995943 417135869
1983 | 70385 | 30258451 . 197,685,008 . 29879285 . 18003306204 . 77057641 . 18375305 = | o ;200,688,890
Mean 1076500 | 84,520243 625117471 | 18759840 | 10214225528 106615903 . 3340371 © 2851071 © 462,170,823
Minimum o ¢ agroas0 1 Tsoissrs U isanaes T 3aaogeasas | ToTTTT T e T g eroana3r
Maximum ;. 5‘§i§"7§'6w"“ Li'ié"s'éé'ééii"5""'2"651"565'%'2”1 """ aioosern T 8,093,306,204 o 259609635 18375305 | 13,221,566 i 894,537,113
sp Y 1,857,205 ‘1"“133 021447 993768589 16,150, 153 o, 137,368,061 81,063,020 5067035 5378841 229044233
Total 10,765,003 845, 202427:__3_ 6251174706 | 187,598,398 & 102,142255276 | 1066.159,032 . 33,403, 707 | 28510713 | 4621708234

O—Samp]cd but none coi]ccted
Wed Feb 13 11:40:28 MST 2002 Raw.losses. ENTRAINMENT; Plant:brayton.projected;
PATHNAME:P:/Intake/Brayton/Brayton_Science/scodes/tables.output.projected0 1 /raw losses.ent.brayton.projected.csv
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§ 316(b) Case Sfudles Part F Brayfon Point Chnp?er FS Evaluation of I&E Dufa

Table F3 6: EPA’'s Estimate of Brayton Point Annual Entrainment {numbers of organisms) Derived from Historical Entrainment Rates
Adjusted for Currenf Oper‘aflons (conf )

Year Silver Hake Tautog -Sr::lede:g;:; : Weakfish White Perch Windowpane Winter Fiounder
’ ‘ 4095 249”;17” ‘ 0 30634273 0 {0 115700207 986595306
2562 nsaso . o T 31509 825 0 277646365 | 859.825.130
10513607464 0 ) i o 1363331892 1,217,354,953
2.178.251,158 0 ”121'40'4"366' : 0D 101632473 381833868

j 5.862,184.934 28303368

: 0 : 57,788 590,926,739 1,359.249,041
3132662 371 ; 0 : 83 878964

1330550 | 527,866,367 668,918,507

2635758729 T o T dasaeron 0o L 510,692,636 724,134,196
; J 1,128,620,504 """" o w0232 L o 257,117,460 356,754,776

1982 115756 §”2517050246 i 167498 157777;579727837063 T aes20 698080809 ©  1,127,118,545

1983 12200 4911927271 C o 3leasae . 112843 | 466,673,500 | 277046674
Mean s 43,450 T 39s3mM3TIA 16,750 66473002 . 55,050 368327045 795.883.100
Minimum = 0 Cmsgoses | o T o T T T oignan | 277,046674
Maximum 196,548 10,513,607,464 : 167,498 "7"'2"“"3444919||m 330550 ?””‘698080809'” - 1,359,249,041

SD 73094 2690678198 52967 7100344139' P 104064 | 216,770,630 380,047,652

Total | 434,505 39537437744 | 167498 | 664740916 550501 | 3683270450 : 7,958,830,996

0=Sampled, but none collected.
Wed Feb 13 11:40:28 MST 2002 Raw.losses, ENTRAINMENT; Plant:brayton.projected;
PATHNAME:P:/Intake/Brayton/Brayton_Science/scodes/tables.output.projected0 l/raw.losses.ent.brayton.projected.csv
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§ 316(b) Case Studies, Part F: Brayton Point ) Chamer F3 Evaluuhon uf I&E Data

Table F3-7: EPA’s Estimate of Annual Entrainment at Brayton Point Derived from Historical Entrainment Rates Adjusted for Current Operations and
Exprzssed as Agc 1 Equwalenfs

Amerlcan
i Ale-

Year @, g Sand ; H ; i
: wife ; Lance i Menhaden ;,Silverslde; Anchovy : choker ;| Smelt

Atlantie Atlantic Bay Hog- Rainbow Scu Seaboard Sllver | Tauto ;Threesplne éWenk—%WhiteiWindow-g Winter
COUP L Goby | Hake | ® Stickleback | fish :Perch pane | Flounder

1974 528 20985 i 15764 . 10849 @ 471088 0 ¢ 20403 0 (1749359 0 30833 0 563 . 0 1 2518 27,124
1975 . 0 1‘59598 a3 63’2'”’ . 890 .“;”1213596 CRe13 i 4812 ”,7'3'974”E 2426 77 ”(.)”2”208647? S T S T R 115,620
1976 "7217,7586 14876 32550 22,103 | L161615 43421"‘5“ 022 0 2922 733 0 78 264? o T 0 0 i aese s
1977 {'és'z”; 302,466 2671 4597 954624 | 34152 oo 419051 0 16686 . 0 . 265 | 0 ‘2;'3"1"1'”5""3"1"'6'4'6“
1978 1 301' 317,798 o9 668 | 1,462,6 657 | 24687?' 12,476 0 949, 612”’1 o 45078 o 520 10 12195]866911

‘ 691,878

>
[eoe]

1979 0 1,028877¢ 1527 . 2,927 | 1483081 CDsad {29,920 318,087
1980 "0 ; 101,773 | 5974 £ 1,120,273 81, 165 |
190 0. Socss” 6 RESTE Do i Rt I
1982 163 It 1651529 | 64,000

1983 44 | 162476 . 2515 | 2147915 ¢ ”24637'5"583','158 : |
Mean ¢ 460 453236 © 10,523 7,999 1,231,050 5 34,148 © 49,506 509 513,836 P2
Minimum 0 ¢ 14,876 69 668 471,088 B T T T 318,087 o 1
Maxnmum 1,580 2306485 43,032 | 22,103 2147 915 81 165'}'387158 51879 2922 7335 10| 78264 65
5D 610 : 714,399 f 15293 L 7076 ﬁ 488,813 324349 119279 - 774 748897 | 3 19866

Total 4,507 4532363 105229 | 79992 12,310,498 341480 495058 5093 15138358 1730149065264917 I 73691 15,071,144

0=Sampled, but none collected.
Wed Feb 13 11:51:07 MST 2002 ;Results; E Plant: brayton.projected ; Units: equivalent.sums Pathname:
P:/Intake/Brayton/Brayton_Science/scodes/tables.output.projected01/E.equivalent.sums brayton.projected.csv

‘nioc:o

508,141
507,114
27024
31866911
"'4152 553383

P TN 1

e O
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Chapter F3: Evaluation of I&E Data

Table F3-8: EPA's Estimate of Annual Entrainment of Fishery Species at Braytan Point Derived fram Historical
Entrainment Rates Adjusted for Current Operations and Expressed as Yield Lost to Fisheries (in pounds)

Year Atlantic Menhaden:; Rainbow Smelt | Scup | Silver Hake : Tautog i Wesakfish ;

1974 1,851 23 0 0 T

............................................................ e B P R

1975 5,053 :
i e B R
e ‘
s
1980 i

1981
e
s

Windowpane | Winter Flounder

0o
e e
363 ‘
R e

,,,,,,,,,,,,,,,,,,,,,,,,,,,

Mean : 1,236 56 ;53 1 683 : 54,605
Minimum | 8 0 0 0 0 214 2921
Maximum 5,053 440 o197 4 1,227 1,251 ; 201,025

T3 0 385 59,587
Totl L 3e4 GE6 546050
0=Sampled, but none collected.
Wed Feb 13 11:51:26 MST 2002 ;Results; E Plant: brayton.projected ; Units: yield Pathname:
P:/Intake/Brayton/Brayton_Science/scode s/tables.output projectcd0 1/E.yicld brayton.projected.csv

P

3% ss
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§ 316(b) Case Studies, Part F: Brayton Point Chnpfer F3 Evuluuhon of I&F Data

Tabie F3 9: EPA’s Estimate of Annual Entrainment at Brayton Point Derived fr'om Hlsforncal En‘rrammen? Rates Adjusted for Current Cperations and
Expressed as Production For'egone (in pounds)

e i e e 0 O O P SO S

R el K AP e Yo | o ot 2;“:; ;':::::;:: Wesktoh LU e o
, i Lamee : T T e .| Smelt i iGoby - . : : ‘
1974 63 . 80 727705 1L798 482933 0 3635 0 0 886 0 62594114 0 401,167 © 0 56227 5589405
1975 0 605 2122, 523 968 | 1326097 | 18901 i SsI : 23 112300 0 38015872: 0 | 412633 : 0 : 134, 698' 6162398
1976 2623 872731 24036 013018 i'ié"j'is” """ 63 e ase 0 icasasanal 0T 0 0 Veenss samasee
1977 1047 """"""""""""""""""" 5'1‘66“1"66‘3 """ 6 '3"é66 """"" o e i o "'iiiié'déiug """"" o 'i‘éé‘éédm?"d ‘;L"49o40 2,460,091
1978 1387 BN 104,995 49 782 L2190 Us10 | 572 10,454, M2; 0 - 370,643 6 © 289,536 6'6'96 994
1979 0 ' Toa 0 e o '47822 827 03338452 "113'3” 57260963 3,063,855
1980 o 315,765 1,758, 5@.’7”"@6'5'3'4 """ 2,719 8010 484 0 40,090, 691 Y S 14349676 0 252,339 3294 044
1981 o 3,550 L 16421 | 982, 948 92,237 27 P 71+ 0” 17,250, 213 0 1,633,686 P £ 127934 1,688,002
1982 174 T 852 7,763 H 1,548,304 164 685 157 | 533 877 305 | 38391085 78 2377 063 Fes s, IREALIE T
1983 | 47 L 139510 | 14,069 | 2,673,623 | 59819 31613“?” o 267'“ 75015502 1 0 1334689 | 148 : 230,663 : 1,379,929
Mean | 584 ©OL137 546,168 8,748 : 1,501,808 : 81,576 | 4,276 : 1‘7073 894 [ 108 (60371893 : 28 | 2,440, 664 72§ 181,291 © 4,380,576
'Mlmmum'; 0o 6 3550727 """ §”"4éi'§*3§m§' """ o § """ [ C 0o AT A 55‘5'65'1"3” """"" o 0 'd' L 49,040 1379929'
Maximum | 2621 8,745 £2122 523 24,036 : 2,673,623 | 199834 31613 | 8409 | 2466 s 160835]34 278 ‘14 149, 676'?' 133§ 345,205 8.273.869
SD ; 872 : '2705”: 796,209 '7663 641,950 63,106 "9'692 3“'45"8” 623 § iéd 41 188478 T 88 4321715 0 .”5"107 393” 2325,539
Totl | 5841: 17371 | 5461683 87,480 '15,'()”1'8',6&{(')_':_“15 760 42,760 17,074 8,936 | 1,083 603,718,930 “7.2.71_8“;;_:,24>4.06639 721 11812911 43,805757

O“Samplcd but none collected.
Wed Feb 13 11:51:17 MST 2002 ;Results; E Plant: brayton.projected ; Units: annual.prod.forg Pathname:
P:/Intakc/Brayton/Brayton_Science/scodes/tables.output.projected01/E.annual. prod. forg.brayton.projected.csv
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§ 316(b) Case Studies, Part F: Brayton Point Chapter F3: Evaluation of I&E Data

Table F3-10: Average Annual Impingement and Entrainment at Brayton Point
(sum of annual means of al! species evaluated)

Impingement Entrainment
Raw losses (# of organisms) : 44,752 ' 16,703,221,011
Ageleqmvalemg(#ofﬁsm TS 69329 SN 3347045 ..............
F[shcry y;e[d(lbofﬁsh) ........... e e 5 091 .......... 70’4]0 ..............
Production foregone (Iboffisn) 2808 | 69,502,130

mixed.rollup.chap3.imp Wed Feb 13 13:28:53 MST 2002
P:/Intake/Brayton/Brayton_Science/scodes/tables.output.projected01/flowchart.chap3.IMP.csv
mixed.rollup.chap3.ent Wed Feb 13 13:28:54 MST 2002
P:/Intake/Brayton/Brayton_Science/scodes/tables.output.projected0t/flowchart.chap3.ENT.csv
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§ 316(b) Case Studies, Part F: Brayton Point Chapter F4: Baseline I&E Losses

Chapter F4:
Value of I&E Losses at the Brayton
Point Station Based on Benefits

Transfer Techniques

This chapter presents the results of EPA’s evaluation of & = - —N
the economic losses that are associated with I&E at the CHAPTER CONTENTS '

Brayton Point Station using benefits transfer techniques.

Section F4-1 provides an overview of the valuation F4-1 Overview of Valuation Approach ............... F4-1
approach, Section F4-2 discusses the value of losses to F4-2  Economic Value of Average Annual Losses to

Recreational Fisheries Resulting from I&E at

Brayion Point Station ........... ... ... ... F4-3

F4-2.1  Economic Values of Recreational Fishery
Losses from the Consumer Surplus

recreational fisheries, Section F4-3 discusses the value of
commercial fishery losses, Section F4-4 discusses values
of forage losses, Section F4-5 discusses nonuse values,
and Section F4-6 summarizes benefit transfer results.

Literature .........covivimniinnn, F4-3
F4-2.2  Economic Values of Recreational Fishery
F4-1 OVERVIEW OF VALUATION Losses Resulting from i&E at Brayton
Point Station ....................... F44
APPROACH F4-3 Economic Value of Average Annual Commercial Fishery

Losses Resulting from I&E at Brayton Point Station F4-5
F4-3.1  Average Annual I&E Losses of

Commercial Yieid at Brayton Point and
Economic Valueof Losses ............ F4-5

1&E at Brayton Point affect recreational and commercial
fisheries as well as forage species that contribute to the

blorr!ass of fishery species. EPA evaluated_ al.I these F4-3.2  Economic Surplus Impacts of

species groups to capture the total economic impact of Commercial Landings Losses . ......... F4-6

[&E at Brayton Point. F4-4 Economic Value of Forage Fish Losses .......... F4-7
F4-5 Nonuse Values .. ........................... F4-9

Recreational fishery impacts are based on benefits transfer F4-6 Summary of Mean Annual Economic Value ol I&E at

Brayton Point Station ................. ... ...,

methods, applying results from nonmarket valuation
studies. Commercial fishery impacts are based on
commodity prices for the individual species. The
economic value of forage species losses is determined by estimating the replacement cost of these fish if they were to be
restocked with hatchery fish, and by considering the foregone biomass production of forage fish resulting from I&E losses
and the consequential foregone production of commercial and recreational species that use the forage species as a prey base.
All of these methods are explained in further detail in Chapters A5 and A9 of this document.

Many of the I&E-impacted fish species at Brayton Point are harvested both recreationally and commercially. To avoid
double-counting the economic impacts of I&E on these species, EPA determined the proportion of total species landings
attributable to recreational and commercial fishing, and applied this proportion to the impacted fishery catch. For example, if
30 percent of the landed numbers of one species are harvested commercially at a site, then 30 percent of the estimated catch
of I&E-impacted fish are assigned to the increase in commercial landings. The remaining 70 percent of the estimated total
landed number of [&E-impacted adult equivalents are assigned to the recreational landings.

The National Marine Fisheries Service (NMFS) provides both recreational and commercial fishery landings data by state. To
determine what proportions of total landings per state occur in the recreational or commercial fishery, EPA summed the ‘
landings data for the recreational and commercial fishery, and then divided by each category to get the corresponding
percentage. The percentages applied in this analysis are presented in Table F4-1.

F4-1



§ 316{b) Case Studies, Part F: Brayton Point Chapter F4: Baseline I&E Losses

Table F4-1: Percentages of Total Impacts in the Recreational and Commercial Fisheries
of Selected Species at Brayton Point Station

Percent Impacts to Percent Impacts to

Fish Species Recreational Fishery Commercial Fishery

....................................................................................................................................................................

Weakfish .

Whneperch ...................... 20 ............................. 80 ..............................
wmdowpane ......................... 0100 ...............................
wmtcrﬂounder ............................. ........................ 8 ........................ ............................... 92 ................................
séu'p' b S .................... 4 5 R 55 ................................

Wed Feb 13 13:11:19 MST 2002; TableA:Percentages of total impacts occurring to the commercial and
recreational fisheries of selected species; Plant: brayton.projected; Pathname:
P:/Intake/Brayton/Brayton_Science/scodes/tables.output.projected01/TableA Perc.of
total.impacts.brayton.projected.csv

As discussed in Chapter A5 of Part A of this document, the yield estimates in Chapter F3 represent the total pounds of
foregone vield for both the commercial and recreational catch combined. For the economic valuation discussed in this
chapter, Table F4-1 partitions total yield between commercial and recreational fisheries based on the landings in each fishery.
Because the economic evaluation of recreational yield is based on numbers of fish rather than pounds, foregone recreational
yield was converted to numbers of fish. This conversion was based on the average weight of harvestabie fish of each species.
Table F4-2 shows these conversions for the impingement data presented in Section F3-4 of Chapter F3 and Table F4-3
displays the conversions for entrainment data. Note that the numbers of foregone recreational fish harvested are typically
lower than the numbers of age 1 equivalent losses, since the age of harvest of most fish is greater than age 1.

Table F4-2: Summary of Brayton Point's Mean Annual Impingement of Fishery Species

Species é]mpingement E A.gell ¢ ETotal Catché Total Yield %Commercial éCommercialg Recreational éRecreational
P . Count () q“‘(‘;; ents # | ()  Catch{# : Yield(ib) : Catch(#  Yield (ib)
Adantic {2076 . 2623 . 851 : 308 . 851 308 | 0 0
menhaden : : : : :
Butterfish 176 : 278 25
Rainbow smelt 870 1,278 20

3522 5091

F4-2



§ 316(b) Case Studies, Part F: Brayton Point Chapter F4: Baseline I&E Losses

Table F4-3: Summary of Brayton Point's Mean Annuai Entrainment of Fishery Species

Species %Entrainment E :;%:lle ts ?Total CatchéTotal Yield | Commercial %Commercial %Recreaﬁonalé Recreational
P Comt(#y - s @ ¢ ) Cawch(®) | Yield(Ob) | Catch(#) . Yield (Ib)
Atlantic 625117471 0 10,523 ¢ 3414 . 1236 3414 123 . 0 0
menhaden : : : ‘ : ‘
Rainbow smelt © 3,340,371 ' '
Scup - 2,851,071

Silver hake "

...................................

Tautog 3,953,743,
Weakfish L 66,474,092

.................. e T G D

Whitcperch 55050 0 .0 o0 o0 0 0 0

Windowpane 368,327,045 7,369 . 3246 . 683 3246 . 683 | o T o
‘Winter flounder . 795,883,100 . 507,114 | 32331 54605 | 29745 - 50237 2,587 . 4368
Toal 5815835424 605664 i 43016 © 70410 | 37730 | s4s42 | 5287 i 15868

F4-2 ECONOMIC VALUE OF AVERAGE ANNUAL LOSSES TO RECREATIONAL FISHERIES
RESULTING FROM I&E AT BRAYTON POINT STATION

F4-2.1 Economic Values of Recreational Fishery Losses from the Consumer Surplus
Literature

There is a large literature that provides willingness-to-pay values for increases in recreational catch rates. These increases in
value are benefits to the anglers, and are often referred to by economists as “consumer surplus.” In applying this literature to
value I&E impacts, EPA focused on changes in consumer surplus per additional fish caught.

When using values from the existing literature as proxies for the value of a trip or fish at a site not studied, it is important to
select values for similar areas and species. Table F4-4 gives a summary of several studies that are closest to Mt. Hope Bay
fisheries in geographic area and relevant species.

Table F4-4: Selected Valuation Studies for Estimating Changes in Catch Rates

Authors Study Location and Year : Item Valued : Value Estimate ($2000)
McConnell and Strand  :Mid- and south Atlantic coast, :Catch rate increase of | fish per  :Small game fish $9.54
(1994) {anglers targeting specific ‘trip, values used are for NY* ‘Bottom fish 32.54

ispecies, 1988 {Flatfish 35.35
Hicks et al. {1999) :Mid-Atlantic coast, 1994 :Catch rate increase of 1 fish per  :Small game fish 33.61
: :trip, from historical catch rares at  :Botiom fish £2.40
: :all sites, weighted average of MA  :Flatfish $5.04
g ‘and RI :
Agnello (1989) -Atlantic coast, 1981 :Mean value per fish caught, ;Weakﬁsh $2.72
: for the Atlantic coast® S
Tudor etal. (2002  :Delaware Estuary, 1994-98 :Willingness to pay for an ‘Bottom fish (weakfish) " 811.50
: :additional fish caught per trip :Small game fish (striped bass) $18.14
: :Flatfish (flounder) $3.92

* Value was reported as “two month value per angler for a half fish catch increase per trip.” From 1996 National Survey of Fishing,
Hunting and Wildlife-Associated Recreation (U.S. DOI, 1997), the average saltwater angler takes 1.5 trips in a 2 month period.
Therefore, to convert to a *“1 fish per trip” value EPA divided the 2 month value by 1.5 trips and then multiplied it by 2, assuming the
value of a fish was linear.

® These values were reported as “consumer surplus for an 20 percent inerease in catch rate for all fish.” The average catch rate was 4.95
fish per trip, therefore a 20 percent increase in catch is equivalent to 1 more fish.

“ Tudor et al. (2002) refers to this document; sec Chapter B-5.
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McConnell and Strand (1994) estimated fishery values for the mid- and south Atlantic states using data from the National
Marine Fisheries Statistical Survey. They created a random utility model of fishing behavior for nine states, the northernmost
being New York and the southernmost being eastern Florida. The New Y ork values are used here, as they are the closest
geographically to Brayton Point Station. In this model they specified four categories of fish: small gamefish (e.g., striped
bass), flatfish (e.g., flounder), bottomfish (e.g., weakfish, spot, Atlantic croaker, perch), and big gamefish (e.g., shark). For
each state and fish category, they estimated per angler values for access to marine waters and for an increase in catch rates.

Hicks et al. (1999) used the same methodology as McConnell and Strand (1994) but estimated values for a day of fishing and
an increase in catch rates for the Atlantic states from Virginia north to Maine. Their estimates were generally lower than
those of McConnell and Strand (1994) and may serve as a lower bound for the values of fish.

Agnello (1989) estimated one value for increased weakfish catch rates in all the Atlantic states. This study is useful because it
values weakfish specifically, but the area considered ranges from Florida to Maine. This greater area may differ from Mount
Hope Bay, where weakfish is a relatively important recreational species.

Tudor et al. (2002; See chapter B-5 of this document) applied a random utility model (RUM) to the recreational fishery
impacts associated with I&E in the Delaware transitional estuary. The methods, data, and results of the Tudor et al. (2002;
See chapter B-3 of this document) study are discussed in greater detail in Chapters A-10 and B-5 of this document. The
willingness to pay (WTP) estimates derived by this study were not available at the time that the benefits transfer approach was
applied to this case study, therefore the results developed below do not reflect these estimated values. However, the Tudor et
al. (2002; See chapter B-5 of this document) values are consistent with — and for bottom fish and small game fish, somewhat
higher than -- the other values cited from the literature and used in this benefits transfer analysis. The Tudor et al. values will
be included in subsequent updates of this case study analysis.

F4-2.2 Economic Values of Recreational Fishery Losses Resulting from I&E at
Brayton Point Station

EPA estimated the average annual economic value of Brayton Point I&E impacts to recreational fisheries using the I&E
estimates presented in Tables F4-2 and F4-3 and the economic values presented in Table F4-4. Since none of the studies in
Table F4-4 consider fishing in Mount Hope Bay directly, EPA established a lower and upper value for each impacted
recreational species to estimate a unit value for recreational landings. Results are displayed in Tables F4-5 and F4-6, for
impingement and entrainment, respectively. The estimated total losses to the recreational fisheries range from $1,100 to
$1,700 for impingement per year, and from $22,600 to $38,800 annually for entrainment.

Table F4-5: Average Annual Impingement of Recreational Fishery Species at Brayton Point Station and
Associated Economic Values Based on the Impingement Data in Table F4-2

: Loss in Recreational Value from

Loss to Recreational Catch:  Recreational Value/Fish : .
Species from Impingement : "“P'“%““e“‘

(# of fish) High Low High
Tautog 105 $954  ©  §380 | $1,005
Weakfish . us . $240 . $272 . s0 7T $321
White pereh T L S T I e S
Winter flounder - 69 E Ces3s T s T e
b T e S b s

Wed Feb 13 13:11:28 MST 2002; TablcB: recreational losses and value for sclected specics; Plant: brayton.projected; type: 1
Pathname: P:/intakc/Brayton/Brayton_Science/scodes/tables.output.projected01/TableB.rcc.losses.brayton.projected.Lesv
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Table F4-6: Average Annual Entrainment of Recreational Fishery Species at Brayton Point Station and
Associated Economic Values Based on the Entrainment Data in Table F4-3

Annual Loss in Recreational

Species ;-Cal;::s‘-::::: Ec:te::il::::;m E Recreahona'] Value/Fish Value from Entrainment ($2000)

i (number of fish) ‘ Low High Low f High

Scup 1 20 | 240 1 8254 $49 ; $52
Tawog . 2583 336l ©  $954 . $9313 . 24,642
e e by T o G .......... oy ......... ey

Total i 5,287 5 T 2641 838,794

Wed Feb 13 13:11:34 MST 2002; TableB: reereational losses and value for sclected species; Plant: brayton.projected; type: E
Pathname: P:/Intake/Brayton/Brayton_Science/scodes/tables.output.projected01/TableB.rec.losses.brayton projected.E.csv

F4-3 ECONOMIC VALUE OF AVERAGE ANNUAL COMMERCIAL FISHERY LOSSES
RESULTING FROM I&E AT BRAYTON POINT STATION

F4-3.1 Average Annual I&E Losses of Commercial Yield at Brayton Point and
Economic Value of Losses

1&E losses to commercial catch (pounds) are presented in Tables F4-2 (for impingement) and F4-3 (for entrainment) based on
the commercial and recreational splits listed in Table F4-1. EPA estimates of the econemic value of these losses are
displayed in Tables F4-7 and F4-8 for impingement and entrainment, respectively. Market values per pound are listed as well
as the lotal market losses experienced by the commercial fishery. Values fer commercial fishing are relatively straightiorward
because commercially caught fish are a commodity with a markel price. The estimates of market loss to commercial fisheries
are $2,700 for impingement per year, and $69,300 annually for entrainment.

Table F4-7: Average Annual Impingement of Commercial Fishery Species at Brayton Point Station and
Associated Economic Values Based on the Impingement Data in Table F4-2

Loss to Commercial Catch from 5 , : Annual Loss in
. : . : Commercial Value : .
Species : Impingement ; (Ib of fish) : Commercial Value from
: (ib of fish) : ol Impingement (52000)
Butterfish : 7 ; $0.66 : $5

Total R 7 4,116 - o 82,713

Wed Feb 13 13:11:29 MST 2002; TableC: commercial losses and value for selected species; Plant: brayton.projected; type: 1
Pathname: P:/Intake/Brayton/Brayton_Science/scodes/tables.output.projected01/TableC.comm.losses.brayton.projected.Lesv
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Table F4-8: Average Annual Entrainment of Commercial Fishery Species at Brayton Point Station and
Associated Economic Values Based on the Entrainment Data in Table F4-3

Annual Loss in

Loss to Commercial Catch from i Commercial Value | Commercial Value from

Species : Entrainment

(Ib of fish) : (b of fish) En:;a;i(;:;:;;nt
Alantic menhaden ‘ 1,236 | $0.04 $55
Rainbow smelt s 77 g1 o
L e e s
e R S e B

0.7

54,542 869,321

al losses and value for selected species; Plant: brayton.projected; type: E
Pathname: P:/Intake/Brayton/Brayton_Science/scodes/tables.output.projected01/TableC.comumn.losses. brayton.projected.E.csv

"F4-3.2 Economic Surplus Impacts of Commercial Landings Losses

EPA expressed changes to commercial activity thus far as changes from dockside market landings. However, to determine
the total impact on economic surplus from changes to the commercial fishery, EPA determined the losses experienced by
producers wholesalers, retailers, and consumers.

The total social benefits (economic surpius) are greater than the increase in dockside landings, because the increased landings
by commercial fishermen contribute to economic surplus in each of a multi-tiered set of markets for commercial fish. The
total economic surplus impact thus is valued by examining the multi-tiered markets through which the landed fish are sold,
according to the methods and data detailed in Chapter A9.

The first step of the analysis involves a fishery-based assessment of [&E-related changes in commercial landings (pounds of
commercial species as sold dockside by commercial harvesters). The results of this dockside landings value step are described
above. The next steps then entail tracking the anticipated additional economic surplus generated as the landed fish pass from
dockside transactions to other wholesalers, retailers and, ultimately, consumers. The resulting total economic surplus
measures include producer surplus to the watermen who harvest the fish, as well as the rents and consumer surplus that accrue
to buyers and sellers in the sequence of market transactions that apply in the commercial fishery context.

To estimate producer surplus from the landings values, EPA relied on empirical results from various researchers that can be
used to infer producer surplus for watermen based on gross revenues (landings times wholesale price). The economic
literature (Huppert, 1990; Rettig and McCarl, 1985) suggests that producer surplus values for commercial fishing ranges from
50 to 90 percent of the market value. In assessments of Great Lakes fisheries, an estimate of approximately 40% has been
derived as the relationship between gross revenues and the surplus of commercial fishermen (Cleland and Bishop, 1984,
Bishop, personal communication, 2002). For the purposes of this study, EPA believes producer surplus to watermen is
probably in the range of 40% to 70% of dockside landings values.

Producer surplus is one portion of the total economic surplus impacted by increased commercial stocks — the total benefits
are comprised of the economic surplus to producers, wholesalers, processors, retailers, and consumers. Primary empirical
research deriving “multi-market” welfare measures for commercial fisheries have estimated that surplus accruing to
commercial anglers amount to approximately 22% of the total surplus accruing to watermen, retailers and consumers
combined (Norton et al., 1983; Holt and Bishop, 2002). Thus, total economic surplus across the relevant commercial fisheries
multi-tiered markets can be estimated as approximately 4.5 times greater than producer surplus alone (given that producer
surplus is roughly 22% of the total surplus generated). This relationship is applied in the case studies to estimate total surplus
from the projected changes in commercial landings.

F4-6



§ 316(b) Case Studies, Part F: Brayton Point Chapter F4: Baseline I&E Losses

Applying this method, estimates of the economic loss to commercial fisheries resulting from I&E at Brayton Point Station
ranges from $4,900 to $8,600 per year for impingement and from $126,000 to $220,600 per year for entrainment.

F4-4 EcoNnOoMIC VALUE OF FORAGE FIsH LOSSES

Many species affected by I&E are not commercially or recreationally fished. For the purposes in this study, EPA referred to
these species as forage fish. Forage fish are species that are prey for other species and are important components of aquatic
food webs. Table F4-9 summarizes impingement losses of forage species at Brayton Point Station and Table F4-10
summaries entrainment losses. The following sections discuss the economic valuation of these losses using two alternative
valuation methods.

Table F4-9: Summary of Brayton Point's Mean Annual Impingement of Forage Species

Production Forgone

Species {mpingement Count (#) iAge 1 Equivalents (#); (Ib)
Alewife ‘ 5998 5 8,855 168
Adantic silverside 414 ez 2
Bayamhow 3350 ............ : 090 1 ..................
Hogchoker ................ 6984 .............. 1296 .............. h ................. e
Smpedkllhﬂsh .................. 418* .........................................................................
Threespine stickleback 1,697 .
e = 23231 g 40330 ............ o T

Tabie F4-10: Summary of Brayton Point's Mean Annual Entrainment of Forage Species

Production Foregone

Species Entrainment Count (#) Age 1 Equivalents (#) (Ib)
Alewife 1,076,500 : 460 584
American sand lance . 84520243 453236 1,737
Atlantic silverside ~~ © | 18759840 - 799 8,748
Bayanchovy - C 10214225528 1231050 . 1501808
Hogchoker ............... ] 06,615,903 ,,,,,,,,,,, ........... 34148 ............................. 81576 ..............
Seaboarngby .............. 462,]70‘823 ............... B 1,513‘836 e . ................ aga
’[hreespmesmkleb o .; .................. 16,750 .......... e ..................... R e + ................ S
Total . 10,887,385,587 C 3241381 1595375

Replacement cost of fish

The replacement value of fish can be used in several instances. First, if a fish kill of a fishery species is mitigated by stocking
of hatchery fish, then losses to the commercial and recreational fisheries would be reduced, but fish replacement costs would
still be incurred and should be accounted for. Second, if the fish are not caught in the commercial or recreational fishery, but
are important as forage or bait, the replacement value can be used as a lower bound estimate of their value (it is a lower bound
because it would not consider how reduction in their stock may affect other species’ stocks). Third, where there are not
enough data to allow calculation of value losses to the recreational and commercial fisheries, replacement cost can be used as
a proxy for lost fishery values. Typically the consumer or producer surplus is greater than fish replacement costs, and
replacement costs typically omit problems associated with restocking programs (e.g., limiting genetic diversity).

The cost of replacing forage fish lost to I&E has two main components. The first component is the cost of raising the
replacement fish. Table F4-11 displays the replacement costs of two of the forage fish species known to be impinged or
entrained at Brayton Point. The costs are average costs to fish hatcheriesacross North America to produce different species
of fish for stocking. The second component of replacement cost is the transportation cost, which includes costs associated
with vehicles, personnel, fuel, water, chemicals, containers, and nets. The AFS (1993) estimates these costs at approximately
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$1.13 per mile, but does not indicate how many fish (or how many pounds of fish) are transported for this price. Lacking -
relevant data, EPA does not include the transportation costs in this valuation approach.

Table F4-11 also presents the computed values of the annual average forage replacement cost losses. The value of the losses
of forage species using the replacement cost method is $400 per year for impingement and $17,900 per year for entrainment.

Table F4-11: Replacement Cost of Various Forage Fish Species at Brayton Point Station
{  Hatchery Costs® Annual Cost of Replacing Forage Losses (52000)

Specnef (8/1b) : Impingement : Entrainment

Alewife 0.34° i $133 : $7
L e R S gy i, g
R R P e P se
By anchowy G g O R sicon
Hoachaier ................... e S
0 $1,055
................................... g e B
B S Gg
o 5398 T Ts17s60

? Values are from AFS (1993). These values were inflated to 20003 from 19898, but this could be imprecise for current
fish reanring and stocking costs.

® Individual species value is not available and thus an average of all species is used.

Wed Feb 13 13:11:29 MST 2002; TableD: loss in selected forage species; Plant: brayton.projected; type: [ Pathname:
P:/Intake/Brayton/Brayton_Science/scodes/tables.output.projected01/TableD.forage.eco.ter.repl. brayton.projected.l.csv

Production foregone value of forage fish .

This approach considers the foregone production of commercial and recreational fishery species resulting from I&E of forage
species based on estimates of trophic transfer efficiency, as discussed in Chapter A5 of Part A of this document. The
economic valuation of forage losses is based on the dollar value of the foregone fishery yield resulting from these losses.
Results for impingement of forage species at Brayton Point range from $73 to $204, and results for entrainment range from
$3,400 to $4,700 per year (Table F4-12). The values listed are obtained by converting the forage species into species that
may be commercially or recreationally vaiued.

Table F4-12: Mean Annual Value of Production Foregone of Selected Fishery Species Resulting
From Entrainment of Forage Species at Brayton Point Station Based on the Entrainment Data in
Table F4-10

Annual Loss in Production Foregone Value from

Species : Entrainment of Forage Species ($2000)
f Low i High
Atlantic menhaden j $1 : $1

Rainbow smelt

Windowpane

Winter flounder j $182 : $307

Total 53,381 : 54,747

Wed Feb 13 13:11:35 MST 2002; TableD: toss in selected forage species; Plant: brayton.projected; type: E Pathname:
P:/Iniake/Brayton/Brayton_Science/scodes/tables.output.projected0 1/ TableD.forage.eco.ter.repl.brayton.projected.E.csv
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F4-5 NONUSE VALUES

Recreational consumer surplus and commercial impacts are only part of the total losses that the public realizes from 1&E
impacts on fisheries. Nonuse or passive use impacts arise when individuals value environmental changes apart from any past,
present, or anticipated future use of the resource in question. Such passive use values have been categorized in several ways
in the economic literature, typically embracing the concepts of existence (stewardship) and bequest {intergenerational equity)
motives. Using a “rule of thumb” that nonuse impacts are at least equivalent to 50 percent of the recreational use impact {see
Chapter A9 for further discussion), EPA estimated nonuse values for baseline losses at Brayton to range from $500 to $900
per year for impingement and from $11,300 to $19,400 per vear for entrainment.

F4-6 SUMMARY OF MEAN ANNUAL EcONOMIC VALUE OF I&E AT BRAYTON POINT
STATION

Table F4-13 summarizes the economic values associated with mean annual I&E at Brayton Point Station. Total impacts range
from $6,500 to $11,600 per year for impingement and from $163,400 to $296,600 per vear for entrainment.

Table F4-13: Summary of Economic Valuation of Mean Annual I&E at Brayton Point Station ($2000)

Impingement | Entrainment Total

Commercial: Total Surplus (Direct Use, Market) : Low : $4,934 ; $126,039 5 $130,973
ngh o 33,634 ,,,,,,,,,,, ___________ $220,568 $229,202 ........
Recreational (Direct Use, Nonmarket) @ Low : $1,056 | $22,641 o smew
CHWigh  S1L737 s394 s4031
Nonusc (Passive Use, Nonmarkety  © Low : 8528 S1320 . s11849
...... g ;gh 5869 519,397$20,266
Forage(lnd;rec;Use,Nonmarket) ..................................................................................................
Production Forcgone Low $73 . $3381 . $3381
‘ ngh ............. o0a o $4’747 e $4’747
......................................................... ; cplacemem e $|7,860 518257
Totl (Com + Rec + Nonuse + Forage} ~ © Low 86,591 U s1e3382 8169899
ngh ........ o i,|53>7' .......... S ; 296620 ........ $308’257 ........

* In calculating the total low values, the jower of the two forage valuation methods (production foregone and replaccment)
was used and to calculate the total high values, the higher of the two forage valuation methods was used.

Wed Feb 13 13:11:36 MST 2002; TableE.summary; Plant: brayton.projected; Pathname:
P:/Intake/Braytor/Brayton_Science/scodes/tables.output.projected0 1/TableE.summary.brayton.projected.csv
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Chapter F5: HRC Valuation of T4E Losses

Chapter FH:
HRC Valuation of I&E Losses at
Brayton Point Station

EPA applied the habitat replacement cost (HRC) method,
as described in Chapter Al1 of Part A of this document, to
value the average annual losses to impingement and
entrainment (I&E) at the Brayton Point Station (Brayton
Point) cooling water intake structure, To summarize, the
HRC method identifies the habitat restoration actions that
are most effective at replacing the species that suffer I&E
losses at a CWIS. Then, the HRC method determines the
amount of each restoration action that is required to offset
fully the I&E losses. Finally, the HRC method estimates
the cost of implementing the restoration actions, and uses
this cost as a proxy for the value of the I&E losses. Thus,
the HRC valuation method is based on the estimated cost
to replace the organisms lost because of I&E, where the
replacement is achieved through improvement or
replacement of the habitat upon which the lost organisms
depend. The HRC method produces an estimated
annualized total value of the [&E losses at Brayton Point
of $28.3 million, which is the cost of replacing the
impinged and entrained organisms through the restoration
of submerged aquatic vegetation (SAV), restoration of
tidal wetlands, and installation of fish passageways and
monitoring to quantify the productivity of these habitats

(values to increase species production through
construction of artificial reefs is not included in this

value).

The HRC methed is a supply-side approach for valuing
I&E losses in contrast to the more typically used demand-
side valuation approaches (e.g., commercial and
recreational fishing impacts valuations discussed in
Chapter A9 of Pant A of this document). An advantage of
the HRC method is that it can address, and value, losses
for all species, including those lacking a recreational or
commercial fishery (e.g., forage species). Further, the
HRC method explicitly recognizes and captures the
fundamental ecological relationships between those
species with I&E losses at a facility and their surrounding
environment, in contrast to traditional replacement cost
methods such as fish stocking.
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EPA used published data wherever possible to apply the HRC method to the I&E losses at Brayton Point. If published data
were lacking, EPA used unpublished data from knowledgeable resource experts. In some cases, EPA used (and documented)
the best professional judgment of these experts to apply reasonable assumptions to their data. In these cases, EPA applied
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cost-reducing assumptions, but not beyond the range of values that experts were willing to support as reasonable. In other
words, this HRC valuation seeks the cost of what knowledgeable resource experts consider to be the minimum amount of
restoration necessary to offset I&E losses at Brayton Point.

Cost-reducing assumptions are identified throughout this chapter and were incorporated extensively. Most significantly, the
HRC valuation estimates for the I&E losses at Brayton Point implicitly assumes that the scale of restoration determined for
species for which data were available are sufficient to fully offset the losses for species for which no data was identified. To
the degree this assumption is inaccurate, the results incorporate a downward bias.

Sections F5-1 through F5-8 present the information, methods, assumptions, and conclusions that were used to complete the
HRC valuation of the I&E losses at Brayton Point following the eight steps described in Chapter A11 of Part A of this
document. Section F5-8 also presents additional detail on the valuation of the 1&E losses at Brayton Point, providing separate
annualized valuation estimates for the aquatic organisms lost to impingement and for those lost to entrainment.

F5-1 STEP 1: QUANTIFY I&E LOSSES

Brayton Point has reported I&E losses of millions of aquatic organisms each year since it began using a once-through CWIS.
EPA evaluated all species known to be impinged and entrained by Brayton Point, including commercial, recreational, and
forage fish species, based on information provided in facility I&E monitoring reports and detailed in Chapter F3.

Of those species, EPA incorporated the 18 that had losses greater than 0.1 percent of the total impingement or total
entrainment losses at the facility (the criterion for inclusion in the Equivalent Adult Model [EAM]) into the HRC analysis.
The average annual age | equivalent losses from I&E at Brayton Point for these 18 species from 1974 to 1983, adjusted for
current operations, calculated by the EAM (see Chapter F3 for additional descriptions of source data and calculation of the
age 1 equivalents) are presented in Table F5-1, in order of decreasing mean annual I&E losses (this information is also
presented in Tables F3-3 and F3-7 for impingement and entrainment losses respectively).

Table F5-1: Mean Annual Age 1 Equivaient I&E Losses of Fishes at Brayton Point,
1974-1983 Adjusted for Current Operations

Species : Impingement o Entrainment Total
Seaboard goby : 0 : 1,513,836 1,513,836
Bayanchovy ....................... 6090 .................. 1 231050 ............................... 1237140 ,,,,,,,,,,,,
s .................... ]3601 R 507’”4 ................... o 520,715 .............

American sand fance 0 453236 453236

Atlantic menhaden
Alewife
Windowpane

Weakfish
Striped killifish

o v
Total age 1 eq. losses 5 69,330 3,847,046 ; 3,916,376
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F5-2 STEP 2: IDENTIFY HABITAT REQUIREMENTS

Determining the best course of action for restoring habitat to offset losses of species to I&E requires understanding the
specific habitat requirements for each species. Habitat requirements for fish may include physical habitat needs such as
substrate types and geographic locations as well as water quality nceds and food sources. Chapter F3, Section F3-2, provides
a detailed summary of the habitat components needed for the critical lifestages of several of the species from among those
with high average annual 1&E losses at Brayton Point.

F5-3 STEP 3: IDENTIFY POTENTIAL HABITAT RESTORATION ALTERNATIVES TO
OFFsET I&E LossEs

Local experts identified six types of projects that could be used near Brayton Point to restore the same species of fish and
aquatic organisms lost to I&E at Brayton Point:

»  restore submerged aquatic vegetation (SAV)

» restore tidal wetlands

» create artificial reefs

» improve anadromous fish passage

» improve water quality beyond current regulatory requirements
»

reduce fishing pressures beyond current regulatory requirements.

Of the project categories listed above, the restoration of SAV and tidal wetlands, the creation of artificial reefs and the
improvement of anadromous fish passages provides benefits to the aquatic community that can be quantified in this HRC
valuation and are described below. :

Restore submerged aquatic vegetation

Submerged aquatic vegetation provides vital habitat for a number of aquatic organisms. Eelgrass is the dominant species of
SAV along the coasts of New England. It is an underwater flowering plant that is found in brackish and near-shore marine
waters (Figure F5-1). Eelgrass can form large meadows or small separate beds that range in size from many acres to just 1 m
across (Save The Bay, 2001).

SAV restoration involves transplanting eelgrass shoots and/or seeds into areas that can support their growth. Site selection is
based on historical distribution, wave action, light availability, sediment type, and nutrient loading. !mproving water quality
and clarity, reducing nutrient levels, and restricting dredging may all be necessary to promote sustainable eelgrass beds.
Protccting existing SAV beds is a priority in many communities (Save The Bay, 2001).

SAV provides several ecological services to the environment. For example, eelgrass has a high rate of leaf growth and
provides support for many aquatic organisms as sheiter, spawning, and nursery habitat. SAV is also a food source for
herbivorous organisms. The roots of SAV also provide stability to the bottom sediments, thus decreasing erosion and
resuspension of sediments into the water column (Thayer et al., 1997). Dense SAV provides shelter for small and juvenile
fishes and invertebrates from predators. Small prey can hide deep within the SAV canopy, and some prey species use the
SAV as camouflage (Thayer et al., 1997). Species impinged and entrained at Brayton Point that use SAV beds during sarly
life stages include Atlantic menhaden, tautog, and rainbow smelt {Laney, 1997).

Restore tidal wetlands

Tidal wetlands (Figure F5-2) are among the most productive ecosystems in the world (Mitsch and Gosselink, 1993; Broome
and Craft, 2000). They provide valuable habitat for many species of invertebrates and forage fish that serve as food for other
species in and near the wetland. Tidal wetlands also provide spawning and nursery habitat for many other fish species,
including the Atlantic silverside, striped killifish, and threespine stickleback. Other migratory species that use tidal wetlands
during their lives include the winter flounder and white perch (Dionne et al., 1999). Fish species that have been reported in
restored salt ponds and tidal creeks include Atlantic menhaden, Atlantic silverside, and striped killifish (Roman et al,, )
submitted 2000 to Restoration Ecology). Restoring tidal flow to areas where such flows have been restricted also reduces the
presence of Phragmites australis, the invasive marsh grass that has choked out native flora and fauna in coastal areas across
the New England seaboard (Fell et al., 2000).
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Figure F5-1: Labaratory culture of eelgrass (Zestera marina)

Source: Boschker, 2001,

Figure F5-2: Tidal creek near Littie Harbor, Cohasset, Massachusetss

Source: MAPC, 2001.

Tidal wetlands restoration typically involves returning tidal flow to marshes or ponds that have restricted natural tidewater
flow because of roads, backfilling, dikes, or other barriers, Eliminating these barriers can restore salt marshes (Figure F5-3),
salt ponds, and tidal creeks that provide essential habitat for many species of aquatic organisms. For example, where
undersized culverts restrict tidal flow, installing correctly sized and positioned culverts can restore tidal range and proper
salinity. [n other situations, such as where low-lying property adjacent to salt marsh has been developed, restoring full tidal
flow may not be possible because of flooding concerns (MAPC, 2001). Salt marshes can also be created by inundating areas
in which no marsh habitat previously existed (e.g., tida} wetland creation). However, a study by Dionne et al. (1999) showed
that while both created and restored tidal wetlands provide habitat for a number of fish, restored tidal wetlands provide much
Jarger and more productive areas of habitat per unit cost than created tidal wetlands.
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Figure F5-3: 5alt marsh near Narragansett Bay, Rnode Islang

Source: Save The Bay, 2001.

Create artificial reefs

Tautop, which are impinged and entrained at Brayton Point, use racky or reef-like habitats with interstices that provide refuge
from predators, especially during the night when the fish become torpid. These habitats can be created artificially with
cobbles, concrete, and other suitable materials.

Improve anadromous fish passageways

Anadromous fish spend most of their lives in brackish or saltwater but migrate into freshwater rivers and streams to spawn.
Dams on many of the rivers and streams in this region where anadromous fish historically spawned make these waterways
inaccessible to migrating fish. Anadromous fish impinged and entrained at Brayton Point that would benefit from improved
access to upstream spawning habitat include rainbow smelt, alewife, and white perch.

Improving anadromous fish passage involves many important steps. Dams and barriers connecting estuaries with upstream
spawning habitat can be removed or fitted with fish ladders (Figure F5-4). Removing a dam is often preferable because some
species such as rainbow smelt use fish ladders ineffectively. However, dam removal may not be possible in highly developed
areas needing flood control. In addition, restoring stream habitats such as forested riverbank wetlands and improving water
guality may also be necessary to restore upstream spawning habitats for anadromous fish (Save The Bay, 2001).
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Figure F5-4: Example of a fish ladder at a hydroelectric dam

Source: Pollock, 2001,

F5-

4 STEP 4: CONSOLIDATE, CATEGORIZE, AND PRIORITIZE IDENTIFIED HABITAT

RESTORATION ALTERNATIVES

EPA

categorized and prioritized habitat restoration alternatives to identify the type of restoration program that was best suited

for each of the major species that are impinged or entrained as a result of cooling water intakes. This was done in
collaboration with local experts from several federal, state, and local organizations at a meeting on September 10, 2001
(Table F5-2), and through follow-up discussions that were held with numerous additional organizations (Table F5-3).

Attendees discussed habitat needs and restoration options for each species with significant I&E losses at the facility. They

then

ranked these restoration options for each species by determining what single option would most benefit that species. The

alternatives chosen for each species are shown in Table F5-4.

Table F5-2: Attendees at the Meeting on Habitat Prioritization for Species Impinged and Entrained at
Bruy’ron Point September 10, 2001, in Fall River, Massachusetts

" Attendee : Organization
Anthony Chatwm Conservanon Law Foundation
Roben Lawton Massachuserrs DIVlSlOn of Manne F:shenes

Andrea Langhauser

o Ardno e
Andy Llpsky

John Nagle U.S. EPA Regxonlm o
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Table F5-3: Local Agencies and Organizations Contacted for Information Used in this HRC Analysis

Organization

Apphed Sc1ences Assocnates

Atlannc States Mannc Flshcnes Counc11

Narraganscn Esruarmc Rescarch Reserve

National Estuary Program — Massachusctts Bays progrdm

Savc The Bay (R])

Somerset Conservanon Commmsron

Umvcrsny of Rhode lsland
USEPA Regmn 1

Woods Hole Oceanographic lnstltunon
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Table F5-4: Preferred Restoration Alternatives Identified by Experts
for Species Impmged and Entrained at Brayton Point

Species (age 1 eq. losses per year

adjusted for current operations) Selected Restoration Alternative

Threespme stickleback (3 385) ‘SAV restoranon
Weakfish (1,092} Y restoration
Scup (509) SAV restoration

Winter flounder (520,715) ‘Tidal wetlands restoration

Striped killifish (572) ) {Tidal wetlands restoranon

Tautog (31,379) éArtiﬁcial rect creation

Rainbow smelt (50,784) : Anadromous fish passage (remove dams)

Alewife9315) " Anadromous fish passage
Whueperch(2297)Anadromousﬁshpassage .............................................................
Seaboard goby (1,513,836) :No habitat restoration/replacement alternative was identified.

Sl]ver hake (5,775) ;
Bay anchovy (1,237,140) :No habitat restoration/replacement alternative was identified.

Butterfish (278)

* Improved water quality later became the chosen restoration alternative for windowpane because they inhabit depths
greater than accessible to tidal wetland restoration. However, no specific water quality projects were identified.

F5-5 STeEP B5: QUANTIFY THE EXPECTED INCREASES IN SPECIES PRODUCTION FOR THE
PRIORITIZED HABITAT RESTORATION ALTERNATIVES

In Step 5, EPA estimated the expected increases in fish production attributable to implementing the preferred restoration
alternative for each species. These estimates were adjusted to express production as increases in age | fish. This simplifted
the scaling of the preferred restoration alternatives (see Section F5-6) because the I&E losses were also expressed as age 1
equivalents.

Unfortunately, available quantitative data is not sufficient to estimate reliably the increase in fish production that is expected
to result from the habitat restoration actions listed in Table F5-4. There is also limited data available on the production of
these species in natural habitats that could be used to estimate production in restored habitats. Therefore, in this analysis EPA
relied on quantitative information on fish species abundance in the habitats to be restored as a proxy for the increase in
production expected through habitat restoration. The relationship between the measured abundance of a species in a given
habital and the increase in that species’ production that would result from restoring additional habitat is complex and unique
for each species. In some cases the use of abundance data may underestimate the true production that would be gained
through habitat restoration, and in other cases it may overestimate the true production. Nevertheless, this assumption was
necessary given the limited amoun? of quantitative data on fish species habitat production that is currently available.

F5-5.1 Estimates of Increased Age 1 Fish Production from SAV Restoration

SAV provides forage and refuge services for many fish species, increases sediment stability, and dampens the energy of
waves and currents affecting nearby shorelines (Fonseca, 1992). SAV restoration is most effective where water quality is
adequate and SAV coverage once existed. Table F5-5 presents the fish species impinged or entrained at Brayton Point that
would benefit most from SAV restoration, along with annual average 1&E losses 1974-1983 adjusted for current operations,
arranged by number of fish lost.
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Table F5-5: Fish Species Impinged or Entrained at Brayton Point that Wouid Benefit Most from SAV
Restoration

Annual Average I&E Loss

Species of Age 1 Equivalents Percentage of Total I&E
P (1974-1983 adjusted ; Losses for All Fish Species
: for current operations) '
Threespine sticklcback : 3,385
Weakfish 1,092
Scup 509
Total 4,986

F5-5.1.1 Species abundance estimates in SAV habitats

No studies were available that provided direct estimates of increased fish production following SAV restoration for the
species impinged or entrained at Brayton Point that would benefit most from SAV restoration. Therefore, EPA used
abundance estimates to estimate increases in production following restoration. Abundance estimales are often the best
available estimates of local habitat productivity, especially for early life stages with limited mobility. The sampling efforts
that provide abundance estimates in SAV habitat and that were selected for this HRC valuation are described below.

Species abundance in Buzzards Bay SAV

Wyda et al. (in press) provide abundance estimates as fish per 100 m? of SAV for species caught in otter trawls in July and
August 1996 at 24 sites within 13 Buzzards Bay estuaries, near Nantucket, Massachusetts, and at 28 sites within 6
Chesapeake Bay estuaries. These locations were selected based on information that eelgrass was present or had existed at the
location.

The sampling at each location consisted of six 2-minute sampling runs using a 4.8 m semi-balloon otter trawl with a 3 mm
mesh cod end liner that was towed at 5-6 km/hour. Late summer sampling was selected because eelgrass abundance is
greatest then, and previous research had shown that late-summer fish assemblages are stable.

Forty-three fish species were caught in Buzzards Bay and 60 in Chesapeake Bay. Abundance estimates per 100 m® of SAV
were reported for all fish species, and abundance estimates for specific SAV density categories were reported for species
caught in more than 10 percent of the total number of trawls (15 species). EPA used only these SAV density-based results
from the Buzzards Bay sampling for this HRC valuation because of its proximity to the facility. These SAV density-based

results are presented in Table F5-6 for species impinged and entrained at Brayton Point and identified as benefitting most
from SAV restoration.

Table F5-6: Average Abundance in Buzzards Bay SAV (eelgrass) Habitats for Fish Species Impinged or
Entrained at Brayton Point that Would Benefit Most from SAV Restoration

Species Abundance (# fish per 100 m?)*

Common Name

Low Density SAV Habitats : High Density SAV Habitats
Threespine stickleback 0.22 0.13
e I S o e — R
e

® High density habitats are eelgrass areas with shoot densities > 100 per m’ and shoot biomass (wet) > 100 g/m’. Low density habitats do
not meet these criteria.

® Weakfish were not among the species caught in more than 10 percent of the Buzzards Bay trawls.

Source: Wyda et al. (in press).
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Species abundance in Rhode Island coastal salt pond SAV

" Hughes et at. (2000) conducted trawl samples in the SAV habitats of four Rhode Island coastal estuarine salt ponds and in
four Connecticut estuaries during July 1999. Asin Wyda et al. {in press), the sampling at each location involved six 2-minute
sampling runs using a 4.8 m semi-balloon otter trawl with a 3 mm mcsh cod end liner towed at 5-6 km/hour.

The report does not provide abundance estimates by species. However, a principal investigator provided abundance estimates
expressed as the number of fish per 100 m” of SAV [or the locations sampled in Rhode Island (Point Judith Pond, Ninigret
Pond, Green Hill Pond, and Quonochontaug Pond; personal communication, J. Hughes, NOAA Marine Biological
Laboratory, 2001). Average abundance estimates per 100 m® of SAV were calculated for each species and allocated to the
same SAV habitat categories that were designated in Wyda et al. (in press) using shoot density and wet weight of shoots from
Hughes et al. (2000). The sampling results for species impinged and entrained at Brayton Point and identified as benefitting
most from SAV restoration are presented in Table F5-7.

Table F5-7: Average Abundance from Rhode Island SAV Sites for Brayton Point Species that Would Benefit
Most from SAV Restoration

Species Abundance (# fish per 100 m’ of SAV habitat)*

Species
Low Density SAV Habitats : High Density SAV Habitats
Threespine stickleback no obs. 19.67
T B , ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e
Scup [F PSRRI _ S 0]7 e R 069 ...................................

* High density habitats are defined as areas with eelgrass shoot densities > 100 per m® and shoot biomass (wet) > 100 g/mY’. Low density
habitats do not meet these criteria.
Source: personal communication, J. Hughes, NOAA, Marine Biological Laboratory, 2001.

Species abundance in Nauset Marsh (Massachusetts) Estuarine complex S5AV

Heck et al. (1989) provide capture totals for day and night trawl samples taken between August 1985 and October 1986 in the
Nauset Marsh Estuarine Complex in Orleans/Eastham, Massachusetts, including two eelgrass beds: Fort Hill and Nauset
Harbor. As in the other SAV sampling efforts, an otter trawl was used for the sampling, but with slightly larger mesh size
openings in the cod end liner (6.3 mm versus 3.0 mm) than in Hughes et al. (2000) or Wyda et al. {in press).

With the reported information on the average speed, duration, and number of trawls used in each sampling period and an
estimate of the width of the SAV habitat covered by the trawl from one of the study authors {personal communication, M.
Fahay, NOAA, 2001), EPA calculated abundance estimates per 100 m* of SAV habital.

Heck et al. (1989) also report that the dry weight of the SAV shoots is over 180 g/m* at both the Fort Hill and Nauset Harbor
celgrass habitat sites. Therefore, these locations would fall into the high SAV habitat category used in Wyda et al. (in press)
and Hughes et al. (2000) because the dry weight exceeds the wet weight criterion of 100 g/m? used in those studies.

Finally, Heck et al. (1989) provide separate monthly capture results from their trawls. The maximum monthly capture results
for each species was used for the abundance estimates from this sampling. Because these maximum values generally occur in

the late summer months, sampling time is consistent with the results from Wyda et al. (in press) and Hughes et al. (2000).

The abundance values estimated from the sampling of the Fort Hill and Nauset Harbor SAV habitats for species impinged and
entrained at Brayton Point and identified as benefitting most from SAV restoration are presented in Table F5-8.
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Table F5-8: Average Abundance in Nauset Marsh Estuarine Complex SAV for Fish Species Impinged or
Entrained at Brayton Point that Would Benefit Most from SAV Restoration

Species Abundance (# fish per 100 m*)*

Species ;
Fort Hill — High Density SAV : Nauset Harbor — High Density SAV
Threespine stickleback : 5.92 : 47.08
Weakfish - noobs. " noobs,
Scup .................................................................... n - Obs ........................................................ 008 ....................................

* High density habitats are defined as areas with eelgrass shoot densities > 100 per m* and shoot biomass (wet) > 100 g/m’.
Source: Heck et al., 19809,

F5-5.1.2 Adjusting SAV sampling results to estimate annual average increase in producﬁon
of age 1 fish

EPA adjhsted sampling-based abundance estimates to account for:

> sampling efficiency
»  capture of life stages other than age 1
» differences in the measured abundances in natural SAV habitat versus expected productivity in restored SAV habitat.

The basis and magnitude of the adjustments are discussed in the following sections,
Adjusting for sampling efficiency

Fish sampling techniques are unlikely to capture or record all of the fish present in a sampled area because some fish avoid
the sampling gear and some are captured but not collected and counted. The sampling efficiency for otter trawls is
approximately 40 percent to 60 percent (personat communication, J. Hughes, NOAA Marine Biological Laboratory, 2001).
EPA assumed a cost reducing sampling efficiency of 40 percent for this HRC analysis, and muitiplied the SAV sampling
abundance estimates by 2.5 (i.e., divided by 40 percent). This assumption increases SAV productivity estimates and lowers
SAV restoration cost estimates.

Adjusting sample abundance estimates to age 1 life stages

All sampled life stages were converted to age | equivalents for comparison to I&E losses, which were expressed as age |
equivalents. The average life stage of the fish caught in Buzzards Bay (Wyda et al., in press) and the Rhode Island coastal
salt pond (Hughces et al,, 2000) was juvenilcs (i.¢., life stage younger than age 1) (personal communication, J. Hughes, NOAA
Marine Biological Laboratory, 2001). Since the same sampling technique and gear was used in Heck et al, (1989), EPA
assumed juveniles to be the average life stage captured in this study as well.

The abundance estimates from the studies were multiplied by the survival rates from juveniles to age 1 for each species to
provide an age 1 equivalent abundance. The juvenile to age | survival rate adjustment factors, calculated using the results of
the EAM, are presenied in Table F5-9.

Table F5-9: Life Stage Adjustment Factors for Species Present at Brayfon Point — SAV Restoration
Oldest Life Stage '

Estimated Survival Life Stage Captured in ; Estimated Survival

Species : hef::: E\E;dl in Rateto Agel | SAY Sampling Efforts Rate{:;.;:vleniles
Threespine stickieback : juvenile 0.3077 Jjuvenile 0.3077
G T Juvem]ez ,,,,,,,,,, 03597 Juvemle R 5 3697 ..........
Scup e J e 5 057] s Juvenﬂe 00571 ............

® Lifestage information was available for two juvenile stages of weakfish. Juvenile 2 represents the older of these two stages
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Adjusting sampled abundance for differences between restored and undisturbed habitats

No reviewed studies suggested that restored SAV habitat would produce fish at a level different from undisturbed SAV
habitat. Similarly, while service flows from a restored habitat site generally increase over time to a steady state level, limited
anecdotal evidence suggests some restored SAV habitats may begin recruiting and producing fish very quickly (personal
communication, A. Lipsky, Save the Bay, 2001). As a result of this limited evidence, and as a cost-reducing assumption, EPA
made no adjustment for differences between restored and undisturbed SAV habitats to account for the final levels of fish
production or potential lags in realizing these levels following restoration of SAV habitat.

F5-5.1.3 Final estimates of annual average age 1 fish production from SAV restoration

EPA calculated age | fish production expected from habitats where SAV is restored by multiplying the abundance estimates
from Wyda et al. (in press), Hughes et al. (2000), and Heck et al. (1989) by the adjustment factors presented in the previous
subsection. These results were then averaged, by species, across sampling locations to calculate the final production value
incorporated in the scaling of the SAV restoration alternative.

Table F5-10 presents the final estimates of the increase in age 1 production for two of the three Brayton Point species that
benefit most from SAV restoration (weakfish were not sampled in any of the studies providing abundance estimates).

Table F5-10: Final Estimates of the Increase in Production of Age 1 Fish for Fish Species Impinged or
Entrained at Brayton Point that Would Benefit Most from SAV Restoration

Restored Habitat Expected Increase in

Species | Sampling ELifeStage :

Source of Initial : d . ‘ .
. : . : Abundance : Efficiency . N . Service Flow : Production of Age |
Species Spec'g ?b":dance : Estimate per @ Adjustment Ad;,“ttmem :  Adjustment . Fish per 100 m® of
: SUmALe 100 m’of SAV: Factor | 2T Factor |  Restored SAV
Threespine  ‘Heck et al. (1989) — 5.92 ¢ 2.5 ©o03077 1.0 4.55
stickleback  :Fort Hill : : ‘ : :
:Heck etal. (1989) — 47.08 2.5 0.3077 1.0 36.21
;Nauset Harbor ; : : :
‘Hughesetal. (2000) © 1967 25 C03077 1.0 15.13
:— RI coastal ponds : : :
‘(high SAV) . : : :
‘Wyda et al. (in f 0.22 3 2.5 L 03077 1.0 0.17
ipress) — Buzzards : : :
:Bay (low SAV) . ‘
‘Wyda et al. (in : 0.13 25 Co03077 1.0 : 0.10
ipress) — Buzzards : : i 5
:Bay (high SAV) : ’ : :
‘Species average : 11.23

Scup ‘Heck et al. (1989) — 0.08 S5 © 00671 1.0 0.01
:Nauset Harbor 1 : : :

Hughesetal (2000) . 017 . 25 i 00671 : 1.0 0.03
— RI coastal ponds : : : :
(low SAV)

Hugheseral. (20000 069 25 00671 1.0 : 0.12
:— RI coastal ponds ' : : ‘
(high SAV)

Wydaetal.n 032 . 25 - 00671 1.0 0.05
:press) — Buzzards : : :
:Bay (low SAV)

Wydaetal Gn . 103 25 00671 L0 0.17
:press) — Buzzards . ' 5 )
:Bay (high SAV)

‘Species average 0.08
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F5-5.2 Estimates of Increased Age 1 Fish Production from Tidal Wetland
Restoration

Tidal wetlands provide a diversity of habitats such as open water, subtidal pools, ponds, intertidal waterways, and tidally
flooded meadows of salt tolerant grass species such as Spartina alierniflora and §. patens. These habitats provide forage,
spawning, nursery, and refuge for a large number of fish species. Table F5-11 identifies the I&E losses for fish species at
Brayton Point that would benefit most from tidal wetland restoration, along with average I&E losses for 1974-1983 adjusted
for current operations, arranged by number of fish lost.

Table F5-11: Fish Species Impinged or Entrained at Brayton Point that Would Benrefit Most from Tidal Wetland

Restoration
. : Annual A‘.’erage J&E Loss of Age 1 Percentage of Total I&E Losses
Species : Equivalents (1974-1983 " .
: . . across all Fish Species
adjusted for current operations)
Winter flounder : 520,715 : 13.30%
Atlantic siiverside : ) 17,112 : 0.44%
Striped killifish : 572 0.01%
Total : 538,399 13.75%

Restricted tidal flows increase the dominance of Phragmites australis by reducing tidal flushing and lowering salinity levels
(Buzzards Bay Project National Estuary Program, 2001a). Phragmites dominance restricts fish access to and movement
through the water, decreasing overall productivity of the habitat. Therefore, for the purpose of this HRC valuation, tidal
wetland restoration focuses on returning natural tidal flows to currently restricted areas. Examples of actions that can restore
tidal flows to currently restricted tidal wetlands include the following:

breaching dikes created to support salt hay farming or to control mosquitos
installing properly sized culverts in areas currently lacking tidal exchange
removing tide gates on existing culverts

excavating dredge spoil covering former tidal wetlands.

¥ ¥ Y ¥

EPA could not find any studies that quantified increased production following implementation of these types of restoration
actions for tidal wetlands. Therefore, EPA used fish abundance estimates from studies of tidal wetlands to estimate the fish
increase in fish production that can be gained through restoration. The following subsections present the sampling data and
subsequent adjustments made to calculate the expected increased in age | production of fish species.

F5-5.2.1 Fish species abundance estimates in tidal wetland habitats

EPA used results from tidal wetland sampting efforts in Rhode Island to calculate the potential increased fish production from
restored tidal wetland habitat. Available sampling results from Connecticut (Warren et al., 2001) and New Hampshire and
Maine coasts (Dionne et al., 1999) were not used. The Connecticut results were omitted because regulatory time constraints
prevented the conversion of capture results into abundance estimates per unit of tidal wetland area. The New Hampshire and
Maine results were omitted because the study locations were too distant from Brayton Point and are located north of the
critical ecological divide of Cape Cod-Massachusetts Bay, which affects species mix and abundance.

Species abundance at Sachuest Point Tidal Wetland, Middletown, Rhode Island

Roman et al. (submitted 2000 to Restoration Ecology) sampled the fish populations in a 6.3 hectare (ha) tidal wetland at
Sachuest Point in Middletown, Rhode [sland. The sampling was conducted during August, September, and October of 1997,
1998, and 1999 using a | m? throw trap in the creeks and pools of each area during low tide after the wetland surface had
drained. Additional sampling was conducted monthly from June through October in 1998 and 1999 using 6 m? bottomiess lift
nets to sample the flooded wetland surface. The report presents the results of this sampling as abundance estimates of each
fish species per square meter (Table F5-12).
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Table F5-12: Abundance Estimates from the Unrestricted Tidal Wetlands at Sachuest for Fish Species
Impinged or Entrained at Brayton Point that Would Benefit Most from Tidal Wetland Restoration

Fish Density Estimates in Unrestricted Tidal Wetlands

Specics Technique (fah per )
1997 B 1998 : 1999
Winter flounder %throw trap :
Hift net
Atlantic silverside ~ throwtrap
hﬁne:
Smiped killifish ~ throw trap
il S i~ Samp[mg ...................................................................................................

Source: Roman et al. (submitted 2000 to Restoration Ecology).

Roman et al. also sampled a smaller portion of the wetland where tidal flows had recently been restored. However, EPA did
not use these results because the sampling was most likely conducted before the system reached full productivity.

Galilee Marsh, Narragansett Rhode, Island

Raposa (in press) sampled the fish populations in the Galilee tidal wetland monthly from June through September of 1997,
1998, and 1999 using 1 m? throw trap in the creeks and pools in the tidal wetland parcels during low lide after the wetland
surface had drained. Raposa presents the sampling results as fish species abundance expressed as number of fish per square
meter. As with the results from Roman et al. (submitted 2000 to Restaration Ecology), EPA did not use the results from a
recently restored portion of the wetland in this HRC valuation to avoid a downward bias in the species density results (and
resultant higher restoration costs). The results from this sampling effort are presented in Table F5-13 for the species
impinged and entrained at Brayton Point and identified as benefitting most from tidal wetlands restoration.

Table F5-13: Abundance Estimates from the Unrestricted Tidal Wetlands at Galilee for Fish Species
Impinged or Entrained at Brayton Point that Would Benefit Most from Tidal Wetland Restoration

. Fish Density Estimates in Unrestricted Tidal Wetlands
Samplmg (ﬁsh per ml)

Species Technique - : :
: 1997 : 1998 : 1999
Winter flounder ‘throw trap no obs. f no obs. 5 no obs.
Arlanncsﬂversndethrowtrap .................. aw T s e
S i e age S

Source: Raposa, in press.

Coggeshall Marsh, Prudence Island, Rhode Island

Discussions with Kenny Raposa of the Narragansett Estuarine Research Reserve (NERR) revealed that additional fish
abundance estimates from tidal wetland sampling were available for the Coggeshall Marsh located on Prudence Island in the
NERR. These abundance estimates were based on sampling conducted in July and September 2000. The sampling of the
Coggeshall tidal wetland was conducted using | m* throw traps in the tidal creeks and pools of the wetland during ebb tide
after the wetland surface had drained (personal communication, K. Raposa, Narragansett Estuarine Research Reserve, 2001).
The sampling results from this effort are presented in Table F5-14 for the species impinged and entrained at Brayton Point
and identified as benefitting most from tidal wetlands restoration.
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Table F5-14: Abundance Estimates from the Unrestricted Tidal Wetlands at Coggeshall for Fish Species
Impinged or Entrained at Brayton Point that Would Benefit Most from Tidal Wetland Restoration

Fish Density Estimates in Tidal Wetlands

Species Samp!ing ‘ (fish per m?)
Technique -
July 2000 : September 2000
Wmter flounder ‘throw trap : 0.10 :
Atlannc S[lVCI‘Slde throw trap 0.17 _
Smpcd killifish  throw trap . 2.40

Winter flounder data from Rhode Island juvenile finfish survey at the Chepiwanoxet and
Wickford sample locations ‘

The Rhode Island juvenile finfish survey samples 18 locations once a month from June through October using a beach seine
that is approximately 60 m (200 ft) long and 3 m (10 ft) wide/deep. The sampled sites vary from cobble reef to sandy
substrate. Winter flounder prefer shallow water habitats with sandy substrate, and such substrate conditions can be restored in
large coastal ponds or pools. Therefore, EPA obtained winter flounder abundance estimates from this survey (personal
communication, C. Powell, Rhode Island Department of Environmental Management, 2001). The two sample locations with
the highest average winter flounder abundance estimates for 1990 through 2000 were in coastal ponds with sandy bottoms.
The average abundance estimates from these sites, Chepiwanoxet and Wickford, are presented in Table F5-15 for samples
taken from 1990 through 2000.

Table F5-15: Average Winter Flounder Abundance, 1990-2000, at the Sites with the Highest Results
from the Rhode Island Juvenile Finfish Survey

Spech Sampling © Fish Density Estimates in Sandy Nearshore Substrate (fish per m?)
ecies LB

P Technique : Chepiwanoxet 1990-2000 : Wickford 1990-2000
Winter flounder ‘beach seine  : 0.09 ‘ 0.20

Winter Flounder data from Rhode Island Coastal pond survey at Narrow River, Winnapaug
Pond, and Point Judith Pond

In addition to its juvenile finfish survey, Rhode Island conducts a survey of fish in its coastal ponds. The habitat

characteristics in these locations are similar to those that can be restored through tidal wetland restoration. This survey
includes winter flounder.

A Rhode Island coastal pond survey has been conducted since 1998 at the same 16 sites using an approximately 40 m (130 ft)
long seine that is set offshore by boat and then drawn in from shore by hand. For each site, the average of the three highest
winter flounder capture results for 1998-2001, adjusted for the average area covered by each seine set, is presented in Table
F5-16 (personal communication, J. Temple, Rhode Island Division of Fish and Wildlife, 2002).

Table F5-16: Average Winter Flounder Abundance for 1998-2001 at the Sites with the Highest
Results from the Rhode Isiand Coastal Pond Survey

Average Winter Flounder Density Estimates in

Species g:cnl:ﬁimﬁa Sandy Nearshore Substrate (fish per m®)
: Narrow River Winnapaug Pond : Point Judith Pond
Winter flounder ‘beach setne 0.32 : 0.21 f 0.21
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F5-5.2.2 Adjusting tidal wetland sampling results to estimate annual average increase in
production of age 1 fish

The sampling abundance results presented in Section F5-5.2.1 were adjusted to account for the following:

»  sampling efficiency

» conversion to the age 1 life stage

»  differences in production between restored and undisturbed tidal wetlands
» the impact of sampling timing and location.

Sampling efficiency

As previously described, sampling efficiency adjustments are made to account for the fact that sampling techniques do not
capture all fish that are present. Jordan et al. (1997) estimated that | m” throw traps have a sampling efficiency of 63 percent.
Therefore, EPA applied an adjustment factor of 1.6 (i.e., 1.0/0.63) to tidal wetland abundance data that were collected with |
m? throw traps.

The sampling efficiencies of bottomless lift nets are provided in Rozas (1992) as 93 percent for striped mullet (Mugi!
cephalus), 81 percent for gulfkillifish (Fundulus grandis), and 58 percent for sheepshead minnow (Cyprinodon variegatus).
The average of these three sampling efficiencies is 77 percent (adjustment factor of 1.3, or 1.0/0.77) and is assumed to be
applicable to species lost to 1&E at Brayton Point.

Lastly, although specific studies of the sample efficiency of a beach seine net were not identified, an estimated range of 50
percent to 75 percent was provided by the staff involved with the Rhode Island coastal pond survey (personal communication,
J. Temple, Rhode Island Division of Fish and Wildlife, 2002). Using the lower end of this range as a cost reducing
assumption, EPA applied a sample efficiency adjustment factor of 2.0 (i.e., 1.0/0.5) for the abundance estimates for both the
Rhode [sland juvenile finfish survey and the Rhode Island coastal pond survey.

Conversion to age 1 life stage

The sampling techniques described in Section F5-5.2.1 are intended to capture juvenile fish (personal communication,

K. Raposa, Narragansett Estuarine Research Reserve, 2001). That juvenile fish were the dominant age class taken was
confirmed by the researchers involved in these efforts (personal communication, K. Raposa, Narragansett Estuarine Research
Reserve, 2001; personal communication, C. Powell, Rhode Island Department of Environmental Management, 2001; personal
communication, J. Temple, Rhode Island Division of Fish and Wildlife, 2001). As a result, the sampling results presented in
Section F5-5.2.1 required adjustment to account for expected mortality between the juvenile and age 1 life stages. The
information used to develop these survival rates and the final life stage adjustment factors are presented in Table F5-17,

Table F5-17: Life Stage Adjustment Factors for Brayton Point Species — Tidal Wetlend Restoration
" :Oldest Life Stage before'

Life Stage Captured in

Estimated Survival Estimated Survival Rate

Species Ag‘;:;“the Rate to Age [ SI::;:ixelg?f:?'ts for Juveniles to Age 1
Winter flounder juvenile 0.1697 ‘ Jjuvenile 0.1697
Atlantic silverside juvenile o017 joveme 01347
Stﬂpcdkl[]lﬁsh e e FOTTR, Juvem]e ................. o G

As noted in Table F5-17, there are no juvenile to age | survival rate estimates used in the EAM for striped killifish. However,
survival rate estimates are available for these species from larval stage (the stage just prior to juvenile) to age 1. In these
cases, EPA estimated the juvenile to age 1 survival rate by averaging the survival rate for larvae to age I with 1.0 (because
1.0 is necessarily the age 1 to age | survival rate). This procedure produces juvenile to age 1 survival rates that are
approximately 0.5, which is near the maximum juvenile to age 1 survival rates used in the EAM for other species. Therefore,
this assumption may lead to an overestimation of the juvenile to age 1 survival rate, and therefore to an overestimation of the
age | fish produced by SAV restoration (and an underestimation of the amount of restoration required). Nevertheless, EPA
used the adjustment factors shown in Table F3-17 to convert densities of juveniles in SAV habitat to densities of age 1
individuals, as a cosl minimizing assumption.
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Adjusting for differences between restored and undisturbed habitats

Restoring full tidal flows rapidly eliminates differences in fish populations between unrestricted and restored sites (Roman et
al., submitted 2000 to Restoration Ecology), resulting in very similar species composition and density (Dionne et al., 1999,
Fell et al., 2000; Warren et al., 2001). However, a lag can occur following restoration (Raposa, in press). Given uncertainty
over the length of this lag, and the rate at which increased productivity in a restored tidal wetland approaches its long-term
steady state, EPA incorporated an adjustment factor of 1.0 to siguify that no quantitative adjustment was made consistent with
its approach of incorporating cost reducing assumptions.

Adjusting sampled abundance for timing and lecation of sampling

At high tide, fish in a tidal wetland have access to the full range of habitats, including the flooded vegetation, ponds, and
creeks that discharge into or drain the wetland. In contrast, at low tide, fish are restricted to tidal pools and creeks.

Therefore, sampling conducted at low tide represents a larger area of tidal wetlands than the sampled area. EPA therefore
divided the abundance estimales based on samples taken at low tide by the inverse of the proportion of subtidal habitat to total
wetland habitat. In contrast, no adjustment was applied to abundance estimates based on samples such as those from lift nets
or seines, taken at high tide or in open water offshore. The site-specific adjustment factors in Table F5-18 were based on
information regarding the proportion of each tidal wetland that is subtidal habitat (personal communication, K. Raposa,
Narragansett Estuarine Research Reserve, 2001). )

Table F5-18: Adjustment Factors for Tidal Wetland Sampling Conducted at Low Tide
: Ratio of Open Water (creeks, pools) :

Tidal Wetland to Total Habitat in the Wetland : Adjustment Factor
Sachuest Marsh 0.055 18.2
Gah]eeMarsh ........................... o s ooa e 119 ............................
CoggeShall Marsh .............. 4 ...................... s 192 ...........................

F5-5.2.3 Final estimates of annual average age 1 fish production from tidal
wetland restoration

Table F5-19 presents the final estimates of annual increased production of age 1 fish resulting from tidal wetland restoration
for species impinged and entrained at Brayton Point and identified as benefitting most from tidal wetland restoration.
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Table F5-19: Final Estimates of the Annual Increase in Production of Age 1 Eguivalent Fish per Square Meter of Restored Tidal Wefland for Fush
Spemes Implnged or Entrained at Braytan Paint that Would Benefit Most from Tidal Wetland Restoration

! Reported/Calculated | Sampling ! Life Stage i Restored Habitat | Sampling Time } Increased Production
Sampling Location E Species Density i Efficiency Ad'ustmfnt i ServiceFlow | andLocation | of Age1 Fish per m’
and Date® Estlmate per m’ of Tidal;  Adjustment | Y i Adjustment . Adjustment ! of Restored Tidal

Saurce of lninal :
Species : Species Density :

Estimate Factor

i T Wetland ; Factor Factor : Factor Wetland™
Winter Raposa pers  NERR — Prudencelsl. 0.10 1.6 01697 I ; 19.23 0.00
flounder :comm 2001 Coggeshall - July 2000 i : : :

‘Raposapers  NERR - Prudencelsl. 010 6 01697 1 1 1923 0.00
Comm2001 :Coggeshall Sept 2000 : : : ‘ ;

.............. T T T TR T

C Powe[l pers ‘Chepiwanoxet average : 0.09 : 2.0 C01697 1 1.00 0.03
‘comm 2001 1990 2000 (seme) : : : ‘ :

C Powe!i pers W]ckford average 1990— 020 20 o 7 ‘(7).17697 1 o - l.r(r)Or 7 N 0.07
Comm 2001 2000 (Seme) : : : 1 :

J Templepers Narroleveraverage o : L R 2.0 0.1697 1 100 0.11
Comm 2002 1098 2001 (seine) : : : : : :

J Temple pers Wmnapaug Pond average 0.21 2.0 C 01697 1 S 1.00 0.07
comm 2002 1998 2001 (seine) ; : : ‘ ‘ :

7 Temple pers  iPoint Judith Pond average 0.2 200 01697 1 ﬁ 1.00 0.07
comm 2002 1998 2001 (scme) : : : : :

,,,,,,

ESpecu’.s average : R - ‘ 0.05 7
Allantic  ‘Romanetal,  :Sachuest Point — 1997 1.23 i 1.6 C01347 1 18.18 0.01
silverside submitted 2000 | ‘ ; : :

ito Restoration

Eco!ogv : e o : o R

:Roman et ai :Sachuest Point — 1998 : 0.20 : 1.6 - 0.1347 1 18.18 0.00

submitted 2000 : -‘ : : - :

ito Restoration

Ecologv

‘Roman etal,, :Sachuest Point — 1999 | 0.07 : 1.6 Po04347 1 : 18.18 0.00
‘submitted 2000 : : ‘ 5 1

‘to Restoration
Ecology

‘Raposapers  NERR — Prudence lsl. . 017 . 16 BCYE"T 1 g 19.23 0.00
.comm 2001 :Coggeshall - July 2000 ' : ‘ :

Raposa pers  INERR— Prudencelsl. = 007 o 16 01347 1 19.23 0.00

comm 2001 iCoggeshall — Sept. 2000 : ; R i . o -
;Raposa, {Galilee Marsh — 1997 4.78 16 L0347 ! 1190 0.09
inpress ¢ . i : ; : : ;

F5-18



§ 316(b) Cose Studies, Part F: Brayton Point

Chuptzr F5 HRC anuahon of T&E Losses

Table F5-19: Final Estimates of the Annual Increase in Production of Age 1 Equivalent Fish per Square Meter of Restored Tidal Wetland for Fish

Spec1es Impinged or Entrained at Brayten Point that Would Benefit Mosf from Tidal Wetlund Resfor*uﬂon (cont, )

Source of Initial 5‘
Species Density ;
Estimate

Sampling Location

Species and Date*

Reported/Calculated
Species Dens:ty

Eshmate per m* of Tidal '

Wetland

Sampling
EMiciency
Adjustment

Factor

i Life Stage
! Adjustment :
Factor

Restored Habltat
© Service Flow
Adjustment

Increﬂsed Productlon

of Age 1 Fish per m*
of Restored Tidal

Factor Wetland®

Samplmg Time
and Location
Adjustment
Factor

‘Raposa,
‘in press

Atlantic

‘Galilee Marsh — 1568
silverside :

iRaposa
‘in press
iSpeCIes avernge 1

Svt‘ripcd‘ - Sachuest Pomt — 1997 7

killifish

‘Roman etal,
‘submitted 2000
to Restoration

Eco!ogv

‘Roman et al
submitted 2000
‘to Restoration
Eco!og\

‘Roman et al
submitted 2000
to Restoration
Ecologv

Roman e! al
_submitted 2000
:to Restoration

Ecologv

‘(lift net)

Sachueet Pmm — 1999
:(lift net)

Roman ct al
‘submitted 2000
‘to Restoration

Ecology

'NERR — Prudence Isl.
Coggeshall — July 2000

N'ERR — Prudence lsl

Rapoqa pe.re“ ”

mmm 2001
Striped
killifish

Raposa pers
comrn 2001

Raposa ,Gah]ee Marsh — 1997

‘in press

;Raposa,

 Galilee Marsh — 1998
'in press ‘

Galilee Marsh— 1999~

Sdc.huest Pomt — 1998 -
. ?Sachuc.;t Pl;)inf - 1999 o

' Sachuest Pomt — 1998 .

1.73

,,,,,,,,,,,,

017

0.01

001

Coggeshall — Sept. 2000

..............................................................................................

1.6

16

1.3

0.1347

01347

0.6054

0.6054

06054

0.6054

0.6054

I 11.90 '; 0.03

E 11.90 L 0.26

.....................................................................................

.....................................................................
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Table F5-19: Final Estimates of the Annual Increase in Production of Age 1 Equivalent Fish per Square Meter of Restored Tidal Wetland for Fish
Species Impinged or Entrained at Brayton Paoint that Would Benefit Most from Tidal Wetland Restoration (cont.)

: . ie gl Reporied/Calculated Sampling . fnﬁersriured Habitat Sampling Time ’iﬁ;reased Prodﬁction
: Source of Initial . , : . . : Mici Life Stage : : . ‘ \ 2
Species § Species Density 5 Sampling Location ; Species Densily : Efficiency : Adjustment i Service Flow § and Location : of Age 1 Fish per m

L stimat ; and Date” : Estimate per m’ of Tidal: Adjustment Factor | Adjustment  :  Adjustment :  of Restored Tidal
R Bt . Wetland i Factor | Factor  :  Factor . Wetland"
Striped  :Raposa, ‘Galilee Marsh — 1999 12.40 1.6 06054 1 11.90 1.01
killifish i press S : : : : : L

: ‘ 0.19

:'Species averag

* Sampling results are based on collections using 1 m? throw traps unless otherwise noted.
* Calculated by multiplying the initial species density estimate by the sampling efficiency, life stage, and restored habitat service flow adjustment factors and dividing by the sampling

time and location adjustment factor,
© Values of 0.00 presented in the table have an abundance of less than 0.005 fish per m” so do not appear in the rounding of results for purposes of presentation,
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F5-5.3 Estimates of Increased Age 1 Fish Production from Artificial Reef
Development
Constructing reefs of cobbles or small boulders was the preferred restoration alternative for tautog because they generally

favor habitats with interstices that provide forage and shelter from predators. [nformation for tautog on the annual average
I&E losses for the period 1974-1983 adjusted for current operations at Brayton Point is presented in Table F5-20.

Table F5-20: Species with Quantified Age 1 Equivalent I&E Losses at Brayton Point that Would Benefit
Most from Artificial Reef Development

Annual Average I&E Loss of Age 1 Percentage of Total I&E Losses

Species Equivalents (1974-1983 across All Fish Species
L : adjusted for current operations) P
Tautog : 31,379 0.80%
Total ; 31,379 0.80%

EPA could not find any studies that provided direct estimates of increased tautog production resulting from artificial reef
development. Therefore, EPA used available tautog abundance estimates in reef habitats as a proxy for production. The
following subsections present these abundance estimates along with the adjustments made to convert life stages to age 1
equivalents and to account for habitat and sampling influences on the reported abundance estimates.

F5-5.3.1 5Species abundance estimates in artificial reef habitats

Juvenile finfish survey at Patience Island and Spar Island, Rhode Island

The Rhode [sland juvenile finfish survey samples 18 locations once per month from June through October using a 60 m long
beach seine that is approximately 3 m deep/wide. Among the sampled locations are two artificial cobble habitats, Spar Island
and Patience Island, that have the highest average lautog abundance estimates (fish per square meter) of the 18 locations for
the 1990-2000 period (personal communication, C. Powell, Rhode Island Department of Environmental Management, 2001).
These average abundance estimates are presented in Table F5-21.

Table F5-21: Tautog Abundance Estimates from the Rhode Island Juvenile Finfish Survey at the Two
Locations with the Highest Average Values for the Period 1950-2000

Fish Density Estimates in Nearshore Cobble Reef Habitats

Species 1§="::pl_ing. (fish per m*)
: echmique H Patience Island : Spar Island
Tautog ‘beach seine ~ 0.028 : 0.031

F5-5.3.2 Adjusting artificial reef sampling results to estimate annual average increase in
production of age 1 fish

As with the other restoration alternatives, EP A made sampling efficiency, life stage conversion, and restored versus
undisturbed habitat adjustments to production estimates for artificial reef habitats. These adjustments are discussed below.

Sampling efficiency

EPA incorporated the same sampling efficiency adjustment factor of 2.0 for the tautog abundance estimates developed from
the Rhode Island juvenile finfish survey as was used in the sampling efficiency adjustments from this survey for winter
flounder. The 2.0 adjustment factor represents the bottom range (cost reducing assumption) of a seine net’s sampling
efficiency (50 percent), based on the judgment of the current staff of Rhode Island’s coastal pond fish survey {personal
communication, J. Temple, Rhode Island Division of Fish and Wildlife, 2002).
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Conversion to the age 1 equivalent life stage

The information used to develop life stage adjustment factors for juvenile tautog to age I equivalents is presented in Table
F5-22.

Table F5-22: Life Stage Adjustment Factors for Brayton Paoint Tautog — Artificial Reef

§0ldest Life Stage before Age 1 Estimated Survival Sampled Life Estimated Survival Rate
: in the EAM : Rate to Age 1 : Stage :  for Juveniles to Age 1

Tautog juvenile , 0.0131 o juvenile 0.0131

Species

Adjusting for differences between restored and undisturbed habitats

EPA incorporated an adjustment factor of 1.0 because no available information suggested that artificial reefs are used
substantially less than natural reefs by tautog and/or that significant delays in the use of artificial reefs follows their
emplacement. To the extent lower levels of tautog use or delays in such use do occur with artificial reefs, incorporating an
adjustment factor of 1.0 represents a cost-reducing assumption..

F5-5.3.3 Final estimates of increases in age 1 production for artificial reefs

Table F5-23 presents the final estimates of annual increased production of age 1 equivalent tautog, based on the average
across all sampling efforts, that would result from artificial reef emplacement.

Table F5-23: Final Estimates of Annual Increased Production of Age 1 Equivalent Tautog per Square Meter of
Artificial Reef Developed

.y Species Sampling . Restored vs. Expected Age 1
Species | SSO::?:SOII):::.M Abundance | Efficiency : (;f::::g: ¢ ! Undisturbed : Increased
P . op Eis fimate ity Estimates { Adjustment ;‘ac tor {Habitat Adjustment ;| Production (fish per
: (Nishym® reel) Factor : : Factor © m artificial reef)
Tautog ‘Rljuvenile finfish 0.028 2.0 ©o0.0131 1.0 0.001
isurvey, 1990-2000: : 1 ;
‘Patience Island : ;
:RI juvenile finfish | 0.031 20 - 0.013F 1.0 : 0.001
isurvey, 1990-2000: : " : : :
Spar Island : : :
{Species average 0.001

F5-5.4 Estimates of Increased Species Production from Installed Fish Passageways

A habitat-based option for increasing the production of anadromous species is to increase their access to suitable spawning
and nursery habital by installing fish passageways al currently impassible barriers (e.g., dams). The anadromous species
impinged or entrained at Brayton Point that would benefit most from fish passageways are presented in Table F5-24, along
with information on their annual average I&E losses for the period 1974-1983 adjusted for current operations.

Table F5-24: Anadromous Fish Species Impinged or Entrained at Brayton Point that Would Benefit Most from
Fish Passageways

Annual Average I&E Loss

Species of Age 1 Equivalents (1974-1983 Lol: :::?:t::i: :rlri?itsalf IS&I?:ies
: adjusted for current operations) pe
Rainbow smelt 50,784

Alewifé

62,396
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F5-5.4.1 Abundance estimates for anadromous species

No studies provided direct estimates of increased production of anadromous fish attributable to the installation of a fish
passageway. Thus, EPA based increased production estimates on abundance estimates from anadromous species monitoring
programs in Massachusetts and Rhode Island, combined with an estimate of the average increase in suitable spawning habitat
that would be provided upstream of the current impassible obstacles following the instaliation of fish passageways.

Anadromous species abundance in Massachusetts and Rhode Island spawning/nursery habitats

Information on the abundance of anadromous species in spawning/nursery habitat in Massachusetts was available only for a
select number of alewife spawning runs in the area around the Cape Cod canal, including locations in Massachusetts Bay and
Buzzards Bay (personal communication, K. Reback, Massachusetts Division of Marine Fisheries, 2001). Alewife abundance
information was also available for the spawning runs at the Gilbert Stuart and Nonquit locations in Rhode Island. These runs
are almost exclusively alewives, despite being reported as runs of river herring (i.e., blueback herring and alewives; personal
communication, P. Edwards, Rhode Island Department of Environmental Management, 2001). The size of these alewife runs
and the associated abundance estimates {(number of fish per acre) in available spawning/nursery habitat are presented in Table
F5-25. :

Table F5-25: Average Run Size and Density of Alewives in Spawning Nursery Habitats in Select
Massachusetts Waterbodies

Waterbod Average Alewife Run Size 5 Average Number of Fish per Acre of
¥ (number of fish) : Spawning/Nursery Habitat
Back River (MA} 373,608 : 766
(12 year average) :
Mattapoisett River® 66,457 90
(12 year average) : ‘
Monument River (MA) 367,521 : 811
(12 year average) :
Nonquit system (RI) 192,173 951
(1999-2001 average) :
Gilbert Stuart system (RI) : 311,839 ‘ 4,586
(1999-2001 average) ;

Av 5 1

Average without Mattapoisett River

! The Mattapoisett River is currently in recovery and production has been increasing in recent years (personal communication,
K. Reback, Massachuset Division of Marine Fisheries, 2001).

The Mattapoisett system has low spawning habitat utilization by alewives because of continuing recovery of the system
(personal communication, K. Reback, Massachusetts Division of Marine Fishertes, 2001). Therefore, the Mattapoisett River
values were omitted. This raised the production estimates for fish passageways and reduced the restoration costs for
implementing sufficient fish passageways.

Average size of spawning/nursery habitat that would be accessed with the installation of
fish passageways

Anadromous fisheries staff in Massachusetis revealed that approximately 5 acres of additional spawning/nursery habitat
would become accessible for each average passageway installed (personal communication, K. Reback, Massachusetts
Division of Marine Fisheries, 2001). This estimate reflects the fact that previous projects have already provided access to
most of the available large spawning/nursery habitats.
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F5-5.4.2 Adjusting anadromous run sampling results to estimate annual average increase in
production of age 1 fish

As with the other restoration alternatives, EPA considered a number of adjustment factors. However, information was much
more limited upon which to base these adjustments. Adjustments to convert returning alewives to age 1 equivalents and to
account for sampling efficiency were not incorporated (i.e., assumed to be 1.0) because of a lack of information. In addition,
nothing suggested a basis for adjustments based on differences between existing and new spawning habitat accessed via fish
passageways or a lag in use of spawning habitat once access is provided, so EPA vsed an adjustment factor of 1.0.

F5-5.4.3 Final estimates of annual age 1 equivalent increased species production

The density of anadromous species in their spawning/nursery habital, the average increase in spawning/nursery habitat from
installation of fish passageways, and adjustment factors are presented in Table F5-26 in providing final estimates of the
expected increase in production of age 1 equivalent fish for anadromous species that are impinged or entrained at Brayton
Point and that would benefit most from installation of fish passageways,

Table F5-26 Estimates of Increased Age 1 Fish for Fish Species Impinged or Entrained at Brayton Point that
Would Benefit Most from Lnstallation of Fish Passageways

; o Species Density " Number of Ad dmonal Ne-w vs. Calculate(.i Annual
: Source of Initial : Estimate in : Spawning/Nurse . Life Stage .  Existing : Increasein Agel
Species : Species Density SpawnmglNursery i OP & y Adjustmem Habicat i Fish per New
: . ‘ : Habitat Acres per New : . ‘
Estimate : Habitat P Factor : Adjustment | Passageway

: (fish per acre) assageway Factor : Installed®
Rainbow  ‘Unknown
smelt
Alewife éMartapmscn River | 90 : 5 ; | : 1 452

:— (K. Reback MA : ’ : :

:DMF pers. comm, |

;2(}01) : : : :

éMonument River — : 8il 5 1 1 : 4,054

{(K.Reback MA 5 5 :

:DMEF pers. coram,

:2001)

‘Back River — (K. | 766 : 5 ; 1 1 3,828

:Reback MA DMF : : :

:pers. comumn, 2001)

‘Nonquit river 951 5 . 1 1 : 4,757

‘systern — : : : : :

:(P. Edwards, RI

:DEM, pers comm,

12001) ‘ ,

Gilbert Stuart river 4,586 é 5 s 1 : 1 22,929

‘system — (P. : ‘ 3 : :

:Edwards, RI DEM,

:pers comm, 2001)

Species average (excludmg Mattapoisett Rlver)" ' 8,892
G Unknown ..........................................................................................................................................................
perch ;

* This value is the product of the values in the five data ficlds. Species density estimates rounded for presentation,
® As previously noted, the Mattapoisett results are excluded in calculating the species average for alewife because the low density
estimates are attributable to the system recovering from previous stressors.
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F5-5.5 Estimates of Remaining Losses in Age 1 Fish Production from Species
Without an Identified Habitat Restoration Alternative

Some species lost to I&E at Brayton Point do not benefit directly and/or predictably from SAV restoration, tidal wetland
restoration, artificial reef construction, or improved passageways because the species are pelagic, spawn in deep water, or
spawn in unknown or poorly understood habitats. The species impinged or entrained at Brayton Point that fall into this
category are listed in Table F5-27, along with their annual average I&E losses for 1974-1983 adjusted for current operations.

Table F5-27: Species Impinged or Entrained at Brayton Point that Lack a Habitat Restoration Alternative

Species ‘:J:;:::i:g:e:t“ (ﬂ)l:i;la:ﬁ;ﬁ:a (0 1537(::;:1492;31 f(l:l'elzleln]it‘?ng;sl: :;-O?Je{f‘ﬁfhlg:::::es
adjusted for current operations) :

Seaboard goby : 1,513,836 38.65%

Bayamhow .................... 1 237 T ..................................... O
Amencansandlance ............................... : 53236 .............................. a 1157% ........................................
Hogchokcr ......................... 47”6 ...................... ................................... [
Atlantic menhaden ¢ 13,146 [ 038%
WmeWpane e 8,689 ............................. ........................................ S
Sx]verhake ........................................................ 5’775 .................................................................... o
Butterfish , 278 : 0.01%

R N R .3,2.7.9,2.16 ....... e . . 8373% e

Despite the magnitude of I&E losses for these species, it was beyond the scope of this Section 316{b) HRC analysis to
develop quantitative estimates of the increased production of age 1 fish for these species through habitat restoration

alternatives.

F5-6 STEP 6: SCALING PREFERRED RESTORATION ALTERNATIVES
The following subsections calculate the required scale of implementation for each of the preferred restoration alternatives for

each species. The quantified 1&E losses are divided by the estimates of the increased fish production, giving the total amount
of each restoration needed to offset I&E losses for each species.

F5-6.1 Submerged Aquatic Vegetation Scaling

The information used to scale SAV restoration is presented in Table F5-28.

Table F5-28: Scaling of SAV Restoration Species Impinged or Entr-umed at Brayton Point

. * Annual Average I&E

Loss of Age 1 . Best Estimate of Increased Number of 100 m’ Units of
Species : Equivalents : Production of Age 1 Fish per : Revegetated SAV Required to
P (1974—1983 adjusted : 100 m’ of Revegetated Substrate : Offset Estimated Average Annual
for current (rounded) I&E Loss
operations) :
Scup 509 _ 0.08
Threespine stickleback : 3,385 : 1 l 23

Unknown

‘Weakfish

Assumed units of {mplemenlatmn reqmred to olTset I&E losses for all ol'these species :
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F5-6.2 Tidal Wetiands Scaling

The information used to scale tidal wetland restoration is presented in Table F5-29.

Table F5-29: Scaling of Tidal Wetland Restoration for Species Impinged or Entrained at Brayton Point

: A""E:::;eziell&]z . Best Estimate of Increased Number of m* Units of Restored
Species : Equivalents . Production of Age | Fish per m* | Tidal Wetland Required to Offset
P : quivaen: :  of Restored Tidal Wetland Estimated Average Annual
(1974-1983 adjusted : A
: , ; (rounded) ; I&E loss
: for current operations) : :
Winter flounder : 520,715, 0.05 10,274,236
Atlantic silverside : 17,112 : 0.05 : 343,237
Striped killifish : 572 0.19 3,031
Assumed units of lmp]ementatlon required to offset I&E losses for all of these speeles 10,274,236

* A restored wetland area refers to an area in a currently restricted tidal wetland where invasive species (e.g., Phragmites spp.)
have overtaken salt tolerant tidal marsh vegetation (e.g., Spartina spp.) and that is expected to revert to typical tidal marsh
vegetation once tidal flows are retumed. Waterways adjacent to these vegetated areas are also included in calculating the potential

area that could be restored in a tidal wetland.

F5-6.3 Reef Scaiing

The information used to scale artificial reef development is presented in Table F5-30. As expected, the very low productivity
estimate for tautog derived in Section F5-5.3 translates to enormous artificial reef construction needs to offset I&E losses
from a single species comprising only 0.8 percent of total I&E losses at Brayton Point. This result may be correct, but further
investigation of potential tautog productivity at reefs is warranted.

Table F5-30: Scahng of Artificial Reef Developmen‘r for Species Implnged or Entrained at Brayton Point

: Anonru :l ::e};aievlgitoss : Best Estimate of Increased g Number of m? Units of Artificial Reef
Species (197 45983 : diusted for Production of Age 1 Fish per m® of i Surface Habitat Required to Offset
Just Artificial Reef (rounded) : Estimated Average Annual I&E Loss
current operations) :
Tautog 31,379 0.001 40,915,621
Assumed units of implementation required to offset I&E losses for all of these specles 40,915,621

F5-6.4 Anadromous Fish Passage Scaling

The information used to scale fish passageway installation is presented in Table F5-31,

Table F5-31: Scaling of Anadromous F|sh Passageways for Species Implnged or Entrained at Brayton Point

Annual Average 1&F Loss of | © Best Estimate of Increased Production : Number of New Fish Passageways
Age 1 Equivalents

Species  (1974-1983 adjusted for of Age I Fish per Passageway Installed : Required to Offset Estimated
: . : (rounded) ; Average Annual I&E Loss
current operations) :
AeWile 9315 B892 L s
Rambow smelt : 50,784 : Unknown Unvalued
Whute perch o 2,297 : Unknown : Unvalued
Assumed umts of lmplementatwn requ]red to oﬂ‘set l&E losses for aII of these species : 1.00
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F5-7 UNIT COsTs

The seventh step of the HRC valuation is to develop unit cost estimates for the restoration alternatives. Unit costs account for
all the anticipated expenses associated with the actions required to implement and maintain restoration. Unit costs also
include the cost of monitoring to determine if the scale of restoration is sufficient to provide the anticipated increase in the
production of age 1 fish per unit of restored habitat.

The standard HRC costing approach generally develops an estimate of the amount of money that would be required up front
to cover all restoration costs over the relevant timeframe for the project. Hence, HRC accounting procedures generally
consider interest earnings on money not immediately spent, and also factor in anticipated inflation for expenses to be incurred
in the future. EPA used HRC costs 4s a proxy for "benefits" which are then comparcd to costs in the cost-benefit analysis
chapter. Therefore, the Agency reinterpreted the standard HRC costing approach to make it consistent with the annualized
costs used in the costing chapter of the EBA.

For this analysis, EPA annualized the HRC costs by separating the initial program outlays (one time expenditures for land,
technologies, etc.) from the recurring annual expenses (e.g., for monitoring). The initial program outlays were treated as a
capital cost and annualized over a 20-year period at a 7 percent interest rate. EPA then estimated the present value (PV),
using & 7 percent interest rate, of the annual expenses for the 10 years of monitoring of increased fish production that are
incorporated in the design of each of the habitat resforation alternatives. This PV was then annualized over a 20 year period,
again using a 7 percent interest rate. This process effectively treats the monitoring expenses associated with the habitat
restoration alternatives consistently with the annual operating and maintenance costs presented in the costing, economic
impact, and cost-benefit analysis chapters, The annualized monitoring costs were then added to the annualized cost of the
initial program outlays to calculate a total annualized cost for the habitat restoration alternative.

The following subsections present the cost components for the habitat restoration alternatives in this HRC along with the
estimates of the annualized costs for implementation costs (i.e., one-time outlays), monitoring costs, and xmplementauon and
monitering costs combined (all costs presented jn year 2000 dollars).

FB5-7.1 Unit Costs of SAV Restoration

EPA expressed annualized unit cost estimates for 100 m? of SAV habitat to provide a direct link to the increased fish
production estimates for SAV restoration based on information from a number of completed and ongoing projects. The
following subsections describe the development of the annualized implementation and monitoring costs for SAV restoration.

F5-7.1.1 Implementation costs

Save the Bay has a long history of SAV habitat assessment and restoration in Narragansett and Mount Hope Bays. A Save the
Bay SAV restoration project begun in the summer of 2001 involved transplanting eelgrass to revegetate 16 m’ of habitat at
each of three sites in Narragansett Bay. EPA used cost information from this project to develop unit cost estimates for
implementing SAV restoration per 100 m? of revegetated habitat.

Save the Bay’s cost proposal estimated that $93,128 would be required to collect and transpiant eelgrass shoots from donor
SAV beds over 48 m® of revegetated habitat. These costs include collecting and transplanting the SAV shoots to provide an
initial density of 400 shoots per revegetated square meter of substrate. Averaged over the 48 m? of habitat being revegetated,
this provides an average unit cost of $1,940 per m”. The unit costs comprise the following categories:

fabor: 70.7 percent {includes salaried staff with benefits, consultants, and accepted rates for volunteers)
boats: 15.2 percent {expenses for operating the boat for the collecting and transplanting)

materials and equipment: 9.6 percent

overhead: 4.6 percent (calculated as a flat percentage of the labor expenses for the salaried staff).

¥y ¥ v v

Contingency expenses were set at 10 percent (3194 per m?). The costs of identifying and evaluating the suitability of
potential restoration sites were set at 1 percent ($19 per m?). No costs were added for maintaining the service flows provided
by the project, because SAV restoration requires little direct maintenance.
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Costs were also adjusted to account for natural prowth and spreading from the original transplant sites to the bare spots
between transplants (Short et al., 1997). For example, Dr. Frederick Short (University of New Hampshire’s Jackson
Estuarine Laboratory) planted between 120 and 130 TERFS (Transplanting Eelgrass Remotely with Frame Systems), each 1
m’, in each acre of seabed to be revegetated at a SAV restoration site { personal communication, P. Colarusso, U.S. EPA
Region 1, 2002). Assuming complete coverage over time, this results in a ratio of plantings to total coverage of between 1:31
(130 1 m* TERFS / 4,047 m? per acre) and 1:34 (120 | m® TERFS / 4,047 m? per acre).

However, the initially bare areas between transplants do not revegetate immediately and the unit costs need to be adjusted
accordingly. Therefore, EPA assumed that the area covered with SAV would double each year. Under this assumption, the
entire restoration area would be completely covered with SAV in the sixth year of the restoration project. Using the habitat
equivalency analysis (HEA) method (Peacock, 1999), the present value of the natural resource service flows from the SAV
over the 6 year revegetation scenario is 90 percent of that provided by a scenario where the entire restoration area is
instantaneously revegetated with transplanted shoots.' Therefore, EPA applied 90 percent of the 1:34 planting-to-coverage
ratio, or 1:30 as an adjustment factor to Save the Bay’s cost estimates to account for the expected spreading from transplanted
sites to bare areas in a SAV restoration area. Table F5-32 presents the components of implementation unit cost for SAV
restoration, incorporating this adjustment ratio in the last step.

Table F5-32: Implementation Unit Costs for SAV Restoration

Expense Category ;. Cost per m’ of SAV Restored | Cost per 100 m’ of SAV Restored
Direct restoration
(shoot collection and transplant) 51940 .. S S194.000 o
Contingency costs : :
(10% of dircet restoration) o slo4 o §19400
Restoration site assessment (1% of direct P o
restoration) : 319 : $1900
G ......................................................... e
iransplanted SAV shoots 52,154 o . $215400
Discounted planting to coverage ratio for .
transplanted SAV 30:1 ; 30
Final implementaion unit costs - $7180 7 grige
‘Annualized implementation unit costs . 676 s676

F5-7.1.2 Monitoring costs

SAV restoration monitoring improves the inputs to the HRC analysis by quantifying the impact of the SAV restoration on fish
production/recruitment in the restoration area, and the rate of growth and expansion of the restored SAV bed, including
whether areas need to be replanted. The most efficient way to achieve both of these goals would be for divers to evaluate the
number of adult fish in the habitat and the vegetation density, combined with throw trap or drop trap sampling of juvenile fish
using the habitat (Short et al., 1997). Diver-based monitoring minimizes damage to sites, expands the areas that can be
sampled, and increases sampling efficiency compared to trawl-based monitoring (personal communication, J. Hughes, NOAA
Marine Biological Laboratory, 2001).

Save the Bay provided hourly rates for the divers and captain (personal communication, A. Lipsky, Save the Bay, 2001), and
the daily rate for the boat was based on rate information from NOAA’s Marine Biological Laboratory in Woods Hole
(personal communication, J. Hughes, NOAA, 2001). Because SAV monitoring costs will be significantly affected by the size,
number, and distance between restored SAV habitats, large areas can be covered in a single day only when continuous
habitats are surveyed, Smaller, disconnected habitats will require much more time to cover. Therefore, total monitoring costs
are somewhat unpredictable. Unit costs for monitoring were therefore assumed to be equal to the initial per unit revegetation
costs in terms of the up front funding that would be required to cover the 10 years of monitoring (i.e., $7,180). Under the
typical HRC costing construct this was equivalent to a per unit monitoring expense in the first year of $787. This simplifying
assumption is unbiased (i.e., it is not known or expected to over- or underestimate costs). The summary of the available SAV
monitoring costs and the calculated annualized per unit monitoring cost based on an assumed annual expense of $787 per unit
are presented in Table F5-33.

' The HEA method provides a quantitative framework for calculating the present vaiue of resource service flows that are
expected/observed to changc over time.
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Table F5-33: Estimated Annual Unit Costs for @ SAV Restoration Monitaoring Program

Annual Expenditures

Expense Category | “Quantity : Daily Rate f Total Cost o
Monitoring crew 3 (2 divers and boat captam/assnstam) $268 $804
Monitoring boat T Coss0 s150
Totaldaﬂyrate R 5954 ......................
Assumed annual cost for SAV monitoring per 100 m’ restored habitat s787
Annualized monitoring cost per 100 v’ restored habitat 0 gssT

F5-7.1.3 Total submerged aquatic vegetation restoration costs

Combining the annualized unit costs for implementation and monitoring, the total annualized cost for a 100 m’® unit of SAV
restoration is $1,234 (rounded to the nearest dollar).

F5-7.2 Unit Costs of Tidal Wetland Restoration

Many different actions may be needed to restore flows to a wetland site, and project costs can vary widely, depending on the
actions taken and a number of site-specific conditions (e.g., salinity levels at proposed restoration sites). These issues are
addressed in the following subsections, which present the development of the unit costs for tidal wetland restoration.

F5-7.2.1 Implementation costs

Costs for restoration of tidally restricted marshes depend heavily on the type of restriction that is impeding tidal flow into the
wetland and the amount of degradation that has occurred as a result. Possible sources of the restriction in tidal flow include
improperly designed or located roads, railroads, bridges, and dikes, all of which can eliminate tidal flows or restrict tidal
flows via improperly sized openings. A compilation of tidally restricted salt marsh restoration projects in the Buzzards Bay
watershed (Buzzards Bay Project National Estuary Program, 2001a) describes restrictions and costs to return tidal flows 1o
over 130 sites. These cost estimates include expenses for project design, permitting, and construction, and are estimated on a
predictive cost equation that was fitted from the actual costs and budgets for a limited number of projects (Buzzards Bay
Project National Estuary Program, 2001).

Staff involved in the Buzzards Bay assessment provided the current project database, which includes the following
information (personal communication, J. Costa, Buzzards Bay National Estuary Program, 2001):

nature of the tidal restrietion

estimated cost to address the tidal restriction

size of the affected tidal wetland (in acres)

acreage of the Phragmites in the tidally restricted wetland.

Yy v v

¥

Public agencies undertook some of the work in the projects used to develop the cost estimation equation for the tidally
restricted wetlands in the Buzzards Bay watershed. Because the costs from public agencies are generally lower than market
prices (i.e., the price for the same work if completed by private contractors), EPA adjusted the cost estimates upward by a
factor of 2.0, consistent with the adjustment recommended in the report (Buzzards Bay Project National Estuary Program,
2001) and discussions with project staff and others involved with tidal wetlands restoration programs in the area (personal
communication, J. Costa, Buzzards Bay National Estuary Program, 2001; personal communication, S. Block, Massachusetts
Executive Office of Environmental Affairs - Wetlands Restoration Program, 2001).

The adjusted total project costs [rom the Buzzards Bay project database were then divided by the reported acres of

Phragmites in the wetland to calculate the cost per acre for restoring tidally restricted wetlands where Phragmites had
replaced the salt tolerant vegetation characteristic of a healthy tidal wettand (sites with no reported acres of Phragmites were
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eliminated from consideration).> Table F5-34 summarizes costs based on the cost factor (an input in the cost estimation
equation), type of restriction found at the site, and the number of Phragmites acres at the location. An alternative summary of
these projects is presented in Table F5-35, where the projects are organized by acres of Phragmites at the site, not the current
tidal restriction.

Combined, Tables F5-34 and F5-35 show significant variability in the per acre costs for tidal wetland restoration. Therefore,
EPA incorporated the median cost of $71,000 per acre of tidal wetland restoration into the HRC valuation and calculation of
the unit cost for tidal wetland restoration. Table F5-36 presents the final per acre implementation costs for tidal wetland
restoration and the annualized equivalent implementation cost incorporated in this HRC. These costs include the median per
acre restoration cost of $71,000 and a $750 per acre fee to reflect the assumed purchase price for this type of land based on
the experience of purchases of similar types of land parcels by the Rhode Istand Department of Environmental Management’s
Land Acquisition Group (personal communication, L. Primiano, Rhode Island Department of Environmental Management,
2001).

? The adjustment of reported costs upward by a factor of 2.0 was made solely to reflect expected cost differences between private
contractors and public agencies that might perform the work required to restore full tridal flows. Additional site specific factors, such as
salinity levels, that may affect project costs by influencing the types of actions taken and/or the time to successful restoration of typical
tidally influenced wetland vegetation at a project site have not been incorporated in this adjustment process.
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Table F5-34: Sal'f Marsh Resforuflon Costs

{ Cumulative :

Restriction = Cost Phragmites | Number . Piragmites | P:;::%:es ?Total Privateg ‘;}:‘i‘;‘;ﬁii:is:: :’er“’l;z:a';i':z; . Maximum Cost per
Structure Class : Factor Acres : of Sites Acreage : Cost* : Phragmites Acre Restored
: ‘ | across Sites Acreage Restored Acre Restored :
culvert 0.5 acres<] Y 6.59 041 ‘"‘ﬁ7$'335 357 L $33§é9 iy 6{17 - ' $57§A(‘)§i -
alvert 05 I<ames<S i 11 2037 1&s 524049 $1903 T s CsTioas
lven‘mw“ 0SS s 1 20 B 856 856'””"'”“520 325 S sp434 T $2434 $2434 N
dike 05 ’acre§<1 B T 035 03 s $38,073 $38,073 $38,073
road 05 l<acres<5 S 67 1e s19.116 $id447 Us11447 Csnaar
culvert 1 o<l 3 1326 043 SI797450  sI3ss8s Sas18 $10490647
culvert I l<acres<5 200 - $1225745 ' sz $84.770
culvert 1 S<acres<10 822 sMggIR sisi44 sope8 $22.608
culvert "‘10(acres<25 "2099'"” . $9| 45 s2179 $1919 24490
dike R |0<acreq<25' o 1200 56,053,000 8504417 3504417 $504.417
fill 1 'acres<i ' 0.12 $31,142 $251,146 | $251146 - ssL46
road 1 aercs<| 010 $29.39 $293958 . $293958 $293,958
road I 1<acres<S 231 83503 315265 :" sis265 $15,265
wall 1 iacres< 1 048 SME810 . §154,697 - 525661 85,936,752
bridge 3 xacres<l 0.64  © $21,208,029 | $4,140,576 | $184,170 $13.418,293
bridee 3 i'é;c'r'e«s ‘ 228 $27,704691  $1014192 T sima0es 53663062
bridge 15 <acres < 10 551 56,606,000 5509946 $800,545
bridge 10 < acres < 25 | $92,004.000 ' $889,883 © 856,300 $3,300,250
bridge 25<acres<5o’ 4 157.28 $8262000 52529 T g8 CS10s.968
bridge 50 <aces I 1300 | 56,163,000 $54,540 ssasd0 $54, 540‘_ ..........
railroad Cacres<1 1 04t oal 566,841 S161826  :  $163826 5163826
railroad ”4”“”'1<acres<5 R S YT 120 SL078,692 5298476 . $208033 513418293

: anate costs were estimated by multiplying reported project costs by an adjustment factor of 2.0 to approximate the expense if all work was completed by pnvate contractors.
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Table F5-35. Average per Acre Cost-of Restoring Phragmites in Buzzards Bay Restricted Tidal
Wetlands, by Size Class of Site

Phragmites Acres Nu;?tl::r of C:T:::::e :::::g: Total Private Cost IAvAe;:egEEsE(E%!E:(cf;:olg‘fz:les
acres < | 61 2691 ; 0.44 $23,630,245 $878,121
T<acres<5 .St 10131 189 $30305971 | $299,153
5<acreg<[0 ........... 5 ......... 3500 ......... 7 20 s $6875703 3190992 ..................
10<acrcs<25 11 ‘ ISV7A476W““” i 1431$98 238451 $623 895
2S<aces<S0 ¢4 15128 ¢ 393 . sgae2000 ¢ ssasag
50 <acres """""" . “300 """" 113.00 """" $6.163,000 554540 """
Toal 133 so196 | aas - simarsa0 éééé'déét}ﬁea;;ﬁ =§71,000)

Table F5-36: Implememcmon Costs per Acre of Tida] Wetland Restoration Incorporated in the HRC valuation

Implementation Cost Description ; Source of Estimate ; Cost
Restore tidal flows to restricted areas :Median of adjusted costs from Buzzards $71,000
:Bay project database :
Acquire tidal wetlands %Midpoim of range of paid for tidal 3750
‘wetlands by Rhode Island DEM :

..............................................................................................................................................................................................................

Totai one ume lmplemcntanon costs : :

Annuallzed lmplementatlon costs

F5-7.2.2 Monitoring costs

Neckles and Dionne (1999) present a sampling protocol, developed by a workgroup of experts, for evaluating nekton use in
restored tidal wetlands. The sampling plan calls for different sampling techniques and frequencies to capture fish of various
sizes in both creek and flooded marsh habitats of a tidal wetland. A summary of these recommendations is presented in
Table F5-37.

Table F5-37: Sampling Guidelines for Nekton in Restored Tidal Wetlands

Sampling Location Sampling Technique Sampling Time Sampling Frequency
Creeks “Throw traps ‘midtide i2 dates in August
{for small fish) : _’
Creeks : EFyke net :slack tide 2 dates in August (same as for throw trap
(for larger fish) : ‘work) and 2 dates in spring

.....................................................................................................................................................

:Fyke net ‘entire tide cycle {1 date in August

Flooded wetland surface

Source: Neckles and Dionne, 1999,

The sampling protocol suggests that one technician and two volunteers can provide the necessary labor. The estimated annual
cost in the first year of monitoring is $1,600. This cost comprises $490 in labor for the three workers over S days (3 in
August and 2 in the spring, with 8-hour days, $15 per hour for volunteers, and $30 per hour for the technician). The $1,100 in
equipment costs includes two fyke nets at $500 each and two throw traps at $50 each (Neckles and Dionne, 1999). The
annualized equivalent of these monitoring costs is $1,146 and is applied as a per-acre cost for monitoring in this HRC
valuation.

F5-7.2.3 Total tidal wetland restoration costs

Combining the annualized per-acre implementation and monitoring costs for tidal wetland restoration results in an annualized
per-acre cost for tidal wetland restoration of $7,904. This is equivalent to an annualized cost for tidal wetland restoration of
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$1.95 per m’ of restored tidal wetland (4,047 m® = | acre) which is incorporated into this HRC for consistency with the
estimates of increased fish production from tidal wetland restoration which are also expressed on a per m? basis.

F5-7.3 Artificial Reef Unit Costs

The unit cost estimates for developing and monitoring artificial reefs are based the construction and monitoring of six 30 ft x
60 ft reefs made of 5-30 cm diameter stone in Dutch Harbor, Narragansett Bay (personal communication, J. Catena, NOAA
Restoration Center, 2001). While these reefs were constructed for lobsters, surveys of the Dutch Harbor reef have noted
abundant fish use of the structures (personal communication, K. Castro, University of Rhode Island, 2001).

F5-7.3.1 Implementation costs

The summary cost information for the design and construction of the six reefs in Dutch Harbor, as it was received, is
presented in Table F5-38 (personal communication, J. Catena, NOAA Restoration Center, 2001).

Table F5-38: Summary Cost Information for Six Artificial Reefs in Dutch Harbor, Rhode Island

Project Component Cost

Project design ‘not explicitly valued, received as in-kind services

< rmmmg ............................................................................. nm exphc 1tly Valued e
Interagency coordimation not explicily valued, received as in-kind services
REP preparation T ot explicitly valued, received as in-kind services
Contract management notexplicifly valued, received as in-kind services
T S .12 e
Reefmatenals (666 yd50f212mstone) ..... U $12 o
Reefconsnucnon S . $35 00

S $59,680 ......................................................................................

EPA converted these costs to cost per square meter of surface habitat. The cumulative surface area of the six reefs, assuming
that the reefs have a sloped surface on both sides, and based on the volume of material used, is approximately 1,024 m*.
Dividing the total project costs by this surface area results in an implementation cost of $58/m? of artificial reef surface
habitat with an equivalent annualized implementation cost of $5.49/m”.

F5-7.3.2 Monitoring costs
Monitoring costs for the Dutch Harbor reefs were $140,000 over a 5 year period. Assuming this reflects an annual

monitdring cost of $28,000, the equivalent annual monitoring cost is $27/m? of artificial reef surface habitat with an
equivalent annualized cost of $19.36/m™.

F5-7.3.3 Total artificial reef costs

Combining the annualized costs for implementation and monitoring of an artificial reef provides a total annualized cost of
$24.85/m® which EPA used in the Pilgrim HRC valuation.

FB-7.4 Costs of Anadromous Fish Passageway Improvements

EPA developed unit costs for fish passageways from a series of budgets for prospective anadromous fish passageway
instaflation, combined with information provided by staff involved with anadromous species programs in Massachusetts and
Rhode Island. The implementation, maintenance, and monitoring costs for a fish passageway are presented in the following
subsections.
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F5-7.4.1 Implementation costs

Projected costs for four new Denil type fish passageways on the Blackstone River at locations in Pawtucket and Central Falls,

Rhode Island, provide the base for the implementation cost estimates for anadromous fish passageways (personal

communication, T. Ardito, Rhode Island Department of Environmental Management, 2001). The reported lengths of the

- passageways in these projects ranged from 32 m to 82 m, with changes in vertical elevation ranging from slightly more than 4
m to approximately 10 m. ‘

The average cost for these projects was $513,750 per project. The average cost per meter of passageway length was $10,300
and per meter of vertiical elevation covered was $82,600. These estimates are consistent with the approximate values of
$9,800 per meter of passageway length and $98,000 per verlical meter suggested by the U.S. Fish and Wildlife Service’s
regional Engineering Field Office (personal communication, D. Quinn, U.S. Fish and Wildlife Service, 2001). While all
parties contacted noted that fish passageway costs are extremely sensitive to local conditions, EPA used the estimate of
$513,750 as the basic implementation unit cost for installing an anadromous fish passage, assuming the characteristics of the
four sites on the Blackstone River are representative of the conditions that would be found at other suitable locations for new
passageways.

F5-7.4.2 Maintenance and monitoring costs

Maintenance requirements for the Denil fish passageway are minimal and generally consist of periodic site visits to remove
any obstructions, typically with a rake or pole (personal communication, D. Quinn, U.S. Fish and Wildlife Service, 2001).
Denil passageways located in Maine are still functioning after 40 vears, so no replacement costs were considered as part of
the maintenance for the structure. Monitoring a fish passageway consists of installing a fish counting monitor and retrieving
its daia.

A new fish passageway would be visited three times a week during periods of migration (personal communication, D. Quinn,
U.S. Fish and Wildlife Service, 2001). Each site visit would require 2 hours of cumulative time during 8 weeks of migration.
Volunteer labor costs of $15.39/hr incorporated in Save the Bay’s SAV restoration proposal. Therefore, the annual cost for
labor in the first year would be $740. The cost of a fish counter is $5,512, based on the average price of two fish counters
listed by the Smith-Root Company (Smith-Root, 2001).

F5-7.4.3 Total fish passageway unit costs

[n developing the unit costs for fish passageways it is first necessary to combine the expected cost of the passageway itself
with the cost of the fish counter as these are both treated as initial one time costs. This combined cost is $519,262 which has
an equivalent annualized cost of $48,914. The equivalent annualized cost for the anticipated $740 in labor expenses for
monitoring is $523. The resulting combined annualized cost for a new Denil fish passageway that is incorporated in this HRC
valuation is $49,438 (rounded to the nearest dollar).

FH5-8 TOTAL CosT ESTIMATION

The eighth and final step in the HRC valuation is to estimate the total cost for the preferred restoration alternatives by
multiplying the required scale of implementation for each restoration alternative by the complete annualized unit cost for that
alternative. EPA made a potentially large cost reducing assumption: no additional HRC-derived benefits were counted in the
total benefits figures for species for which habitat productivity data are not available. If this assumption is valid, then the cost
of each valued restoration alternative (except water quality improvement and fishing pressure reduction, which were not
valued) is sufficient to offset the [&E losses of all Brayton Point species that benefit most from that alternative. EPA then
summed the costs of each restoration program to determine the total HRC-based annualized value of all Brayton Point losses
(i.e., multiple restoration programs were required to benefit the diverse species lost at Brayton Point),

The total HRC estimates for Brayton Point are provided in Table F5-39, along with the species requiring the greatest level of
implementation of each restoration alternative to offset I&E losses from among those for which information was identified
that allowed for the development of estimates of increased fish production following implementation of the restoration
altermative. Because of the sensitivity of these resuits to the inclusion/exclusion of the tautog-artificial reef results, total HRC
estimates are presented for both scenarios.
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Table F5-39: Total HRC Estimates for Bray?on Point I&E Losses

Species Benefitting from the Restoratlon

Alternative : i
Preferred : Requlred Units of U'}": ;{_x;‘::;re : Total Total
Restoration : AAV;erage Annual:  pegtoration ;estora tion ‘Annualized | Annualized
Alternative Species &i;"is of . Implementation® Alternative Unit Cost Cost
: Equivalents : : :
Restore SAV TScup 509 6,638 100 m? of directly © $1,233.50 ¢ $8,187.978
i Threespine stickleback 3,385 301 ‘revegetated substrate i
:Weak fish 1,092 Unl-mown : 1
Restore tidal iWinter flounder 520, 715 10 274 236 m" of restored tidal $1.95 $20,069,076
wetland : Atlantic silverside 17,112 343,247 :wetland
:Striped killifish 572 3,031 _
Create Tautog 31,379 40,915,621 ‘m’ of reef surface arca $24.85 $1 016,911,890
artificial reefs '
[nstall fish [Alewife : 9.315 1.00 New fish passagcway $49,438 $49,438°
passageways :Rainbow smelt : 50,784 Unknown :
*White perch : 2,297 Unknown
Speciesnot  ;Seaboard goby 1,513,836 Unknown for all 'Restoration measures N/A N/A
valucd ‘Bay anchovy 1,237,140 iunknown - survival and :
:American sand lance 453,236 sreproduction may be
:Hogchoker 47,116 ‘improved by other
| Atlantic menhaden 13,146 ‘regional objectives
{Windowpane 8,689 :such as improving
:Silver hake 5,175 rwater quality or
278 ‘reducing fishing

‘Butterfish

Total annualize HRC valuatlon

Total annualized HRC valuation exctudmg Taulog -artificial reefs

* Numbers of units used to calculate costs for each restoration a]temanve are shown in bold.

® Anadromous fish passageways must be implemented in whole units.

:pressure if projects can
‘be identified and are

i permanent

: 1mpr0vemems

©151,045,218,361

$28,306,491

To facilitate comparisons with the costs of alternative control lechnologies that could be considered to reduce I&E losses at
Brayton Point, the combined I&E losses are broken down with separate values developed for the losses to impingement and
entrainment (Tables F5-40 and F5-41 respectively).

A result of interest from Tables F5-40 and F5-41 is that the sum of the valuations of the impingement and entrainment losses
is close to the valuation when the 1&E losses were combined ($28.6 million versus $28.3 million - excluding the tautog
artificial reef results in both cases). This consistency is nol a given when the HRC process is used to address I&E losses
separately from 1&E losses combined because different species may drive the scaling of the restoration alternatives when 1&E
losses are treated separately (e.g., see the results for SAV restoration in Tables F5-40 and F5-41, where different species drive

the scaling for the impingement and entrainment losses, respectively).

An alternative presentation of the HRC valuation of the 1&E losses at Brayton Point is presented in Figure F5-5.
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Table F5-40: Total HRC Es‘hmcrrzs for Impmgzmznt Losses at Brnyton Point

Species Benefitting from the Restorauon

; Alternative i ; .
Preferred : Reqmred Units of : UTts ;ii\:east:lre ;. Total Total
Restoration ,A‘;z;’EEEA““';aI . Restoration ;l;s toraet:;:en : Annualized |  Annualized
: ; . : 0SS 0 Fonb ; § ;
Alternative ; Species : Age 1 : Implementation 4 Alternative 5 Unit Cost : Cost
- ! Equivalelﬁlﬁtgmiﬁi i R : :
Restore SAV  Threespine stickleback 2,732 : 243 ‘ 100 m’ of directly - $1,233.50 ¢ $299.741
‘Scup _: 0 ; 0 revegetated substrate ;
Weakﬁsh f 600 : Unlcnown ; :
Restore tidal meter flounder 13,601 : 268,362 ‘m’ of restored tidal  :  $1.95 $524,202
wetland | Atlantic silverside : 9,113 ‘ 182,796 ‘wetland : :
:Striped k1]l1ﬁsh : 572 . 3,031 : :
Create ‘Tautog lr 1,230 1 603,818 im® of reef surface area : $24.85 $39,861,098
artificial reefs : : : : :
Install fish  Alewife 8,855 : 1.00 ‘New fish passageway @ $49,438 |  $49.438"
passageways : White perch : 2,297 : Unknown i : ;
‘Rainbow smelt : 1,278 : Unknown
Speciesnot  Hogchoker : 12,968 . Unknown for all 1Restoratlon measures N/A N/A
valued ‘Bay anchovy : 6,090 ‘unknown - survival and i
:Silver hake 5,773 ; ‘reproduction may be
: Atlantic menhaden : 2,623 ‘ ‘improved by other
:Windowpane : 1,320 : ‘regional objectives
:Butterfish : 278 : :such as improving
:Seaboard goby i 0 : -water quality or
;American sand lance 0 :reducing fishing

: pressure if projects can
'be identified and are
‘permanent
‘improvements.

$40,734,479

Total annualized HRC valuation cxcluding Tautog-artificial reefs ¢ §873,381

* Numbers of units used to calculate costs for each restoration alternative are shown in bold.
® Anadromous fish passageways must be implemented in whole units.
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Table F5-41: Total HRC Estimates for En'rr-amme.n? Losses at Bruyfon Point

Specles Benefitting from the Restoratlon
Alternative

Required Units of

Units of Measure

Preferred ; for Preferred ¢ Total Total
Restoration : EA"'I;:::gl‘i A““"‘_al Restoration Restoration  Annualized |  Annualized
. . . oss of P : S
Alternative : Species Age 1 Implementation Alternative Umt Cost : Cost
_. Equivalents : : :
Restore SAV  :Scup 509 6,638 ;100 m? of directly ©$1,233.50 ©  $8,187,978
:Threespine stickleback 653 58 irevegetated substrate :
Weakﬁsh 492 Unknown _
Restore tidal Wmter flounder 507 ]44 10,005,874 :m? of restored tidal 51 95 $19,544,873
wetland :Atlannc silverside : 7,999 160,451 :wetland
:Striped killifish I 0. 0 : ‘
Create {Tautog 30,149 39,311,802  im’ofreelsurfacearea . $24.85  $977,050,767
artificial reefs : : : :
[nstall fish Alevnfe 460 0.00 iNew fish passageway 549,438 $o0°
passageways ‘Rainbow smelt 49,506 Unknown :
‘White perch 0 Unknown : ;
Species not ESeaboard goby 1,513, 836 Unknown for all :Restoration measures N/A N/A
valued {Bay anchovy 1,231,050 ‘unknown - survival and :
: American sand lance 453,236 ireproduction may be
:Hogchoker 34,148 :improved by other
: Atlantic menhaden 10,523 iregional objectives
:Windowpane 7,369 isuch as improving
:Sitver hake 2 :water quality or
0 ‘reducing fishing

i Butterfish

Total annualized HRC valuatlon excludmg Tautog-artificial reefs

: pressure if projects can |
:be identified and are
{permanent
‘improvements.

.....................................................................................................

$27,732,851

* Numbers of units used to calculate costs for each restoration alternative are shown in bold.
* Anadromous fish passageways must be implemented in whole units.
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Figure F5-5: T&E Qverview: Broyton Point Habitat-Based Repiocement Costs (annualized cost results)

1. Age | equivalents losses per year
1: 69.000 fish
F:3.8 million fish
' '
2. Tidal wetland restoration costs 2. SAV costs
I: winter flounder $0.5M/yr 1: threespine stickleback $0.3M/yr
E:winter flounder $19.5M/yr E:scup $38.2MA~yr
1&E: winter flounder $20.1M/yr 1&E: scup $8.2MAr
2. Artificial reef costs 2, Fish passage costs
1: tautog $39. 9M/yr 1: alewife $349k/yr
E:tauwog $977MAT < > - E:alewife unvalued
I&E: tautog 31.01 7MAvr I&E: alewite 349k /yr
Y

2. Spccics for which HRC values not calculated
I: 6 fish species unvalued (29.000 lost per vear)
F.: 7 fish species unvalued (3.3 million lost per year)
I1&E: 8 fish species unvalued (3.3 million lost per year)

4 4

3. Total HRC excluding tauteg-artificial reefs
{tidal wetlands + SAV + fish passage)

> I: $0.9M per year -

E:327.7MAr

I&E: $28.3M/yr
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F5-9 CoNcLUusIONS

HRC analyses indicate that the cost of replacing organisms lost to I&E at the Brayton Point CWIS through habitat
replacement is at least $28.3 million, in terms of annualized costs, when the tautog-artificial reef losses are excluded (see note
on the taulog habitat productivity uncertainty in Section F5-5.6). This value is significantly greater than the maximum annual
value of $0.3 miltion for Brayton Point calculated by summing the maximum annual values for the various components from
the commercial and recreational loss method. Recreational and commercial fishing values are lower primarily because they
include only a small subset of species, life stages, and human use services that can be linked to fishing, In contrast, the HRC
valuation is capable of valuing many and, in some cases, all species and life stages, and inherently addresses ell of the
ecological and public services derived from organisms included in the analyses, even when the services are difficult to
measure or poorly understood.

Data gaps, time constraints, and budgetary constraints prevented this HRC valuation {from addressing most of the aquatic
organisms lost 10 I&E at Brayton Point. In particular, annual losses of 3.3 million fish comprising 8 species were not included
in this HRC valuation. In addition, when confronted with data gaps EPA incorporated many cost-reducing assumptions. The
Agency used this approach because the purpose of this analysis is an evaluation of potential economic losses from I&E at the
Brayton Point facility and not to implement the identified restoration alternatives. The Agency incorporated these cost-
reducing assumptions to ensure that benefits of various regulatory options would not be over estimated. Actual
implementation of this HRC analysis in terms of restoring sufficient habitat to offset [&E losses at the Brayton Point CWIS is
probably greater, and possibly much greater, than the current annualized estimate of $28.3 million.
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Chapter F6: Benefits Analysis for
the Brayton Point Station

This chapter presents the results of EPA’s evaluation of = =
the economic benefits associated with reductions in CHAPTER CONTENTS
estimated current [&E at the Brayton Point Station. The ) _
economic benefits that are reported here are based on the F6-1  Summary of Current I&E and Associated Economic
values presented in Chapters F4 and F5, and EPA’s ImpactAs R R L R R REREREE ‘Fe-1
estimates of current 1&E at the facility (discussed in F6-2 Potential Economic Beneﬁts due to Regulatlpn_ <o F6-2
. . . F6-3 Summary of Omissions, Biases, and Uncertainties in

Chapter F3). Section F6-1 summarizes the estimates of : v

. . the Benefits Analysis ........................
economic loss developed using the benefits transfer (BT) . . o

approach, presented in Chapter F4, and the habitat
reptacement cost (HRC) approach, presented in Chapter
F5. Section F6-2 discusses the benefits of potential impingement and entrainment reductions using both the BT and the HRC
approaches. Section F6-3 discusses the unceriainties in the analysis.

F6-1 SuMMARY OF CURRENT I&E AND ASSOCIATED ECONOMIC IMPACTS

The flowchart in Figure F6-1 summarizes how the economic estimates were derived from the [&E estimales presented in
Chapter F3 and summarized in Tables F4-2, F4-3, F4-9 and F4-10. Figures F6-2 and F6-3 indicate the distribution of I&E
losses by species category and associated economic values, These diagrams reflect losses with current technologies. All
dollar values and loss percents reflect midpoints of the ranges for the categories of commercial, recreational, nonuse and
forage species impacts.

The baseline economic loss due to I&E at Brayton Point Station was calculated in Chapters F4 and F5. In Chapter F4, total
economic loss was estimated using a benefits transfer approach to estimate the commercial, recreational, forage, and nonuse
values of fish lost to I&E. This is a demand driven approach, i.e., it focuses on the values that people place on fish. In
Chapter F5, total economic loss was estimated by calculating the cost to increase fish populations using habitat restoration
techniques. This is a supply driven approach, i.e., it [ocuses on the costs associated with increasing fish populations.

The total annual economic losses associated with each method are summarized in Table F6-1. These values range from
$9,000 to $873,000 for impingement, and from $230,000 to $27.7 million for entrainment. The range of economic loss is
developed by taking the midpoint of the benefits transfer results and the 90th percentile species results from the HRC
approach.

Table F6-1: Total Baseline Economic Loss from I&E (2000%, annually)

Impingement : Entrainment
Benefits transfer approach : $9,077 $230,001
(demand driven approach from Chapter F4)* : ‘5
Habitat replacement cost approach : $873,400 § $27,732,900
(supply driven approach from Chapter F5)° : :
Range . $9,077 t0 $873,400  : $230,001 to $27,732,900

NA = not yet available.

¢ Midpoint of Range from Chapter F4.

® Based on cost to restorc 90th percentilc species impacted. Note that the lower bound estimates from the HRC
approach rcflect restoration of only half the impacted fish spectes (i.e., the 50th percentile). As such, the low end
values for HRC were not considered in cstablishing the range of losses,
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F6-2 POTENTIAL EcONOMIC BENEFITS DUE TO REGULATION

Table F6-2 summarizes the total annual benefits from I&E reductions, as well as remaining economic losses, under scenarios
ranging from 10 percent to 90 percent reductions in I&E. Table F6-3 considers the benefits of two options with varying
percent reductions of I&E, Table F6-3 indicates that the benefits of one option are expected to range from $2,000 to
$175,000 for a 20 percent reduction in impingement and from $92,000 to $11.1 million for a 40 percent reduction in
entrainment. The benefits of another option range from $5,000 to $524,000 for a 60 percent reduction in impingement and
from $138,000 to $16.6 million for a 60 percent reduction in entrainment.

Table F6-2: Summary of Current Economic Losses and Benefits of a Range of Potential
I&E Reductions at Brayton Point Station ($2000)

Impingement @  Entrainment Total
Baseline Losses © low $9,000 : $230,000 $2395,000

....................................................................................

$873,000 $27,733,000

$1,000
$87,000 $2,861,000

$2,000 $46,000 . $48,000
$175000 - $5547.000 $5721,000
e L
dow L B0 ekl b

§349.000

Benefits of 50% reductions ~ ©  low :  $5000 i  $115000  :  $120,000
""" high  $437,000  $13866000 : 814303000

Bencfits of 60% reductions  low . $5000 .  S$I38000  S143000

© high :  $524000 516,640,000 $17,164,000

Benefits of 70% reductions ~~ © low | $6000  :  $161,000 5167,000
high | 8611000  $19,413,000 $20,024,000
Benefits of 80% reductions | low . §7,000 . $184000  : $191,000
""" high | $699.000  $22,186,000  $22,885000
Bencfits of 90% reductions low ©sse00 | 5207000 | $215000
""" high | §$786.000  : S24960000 .  $25746000

Table F6-3: Summary of Benefits of Potential I&E Reductions at Brayton Point Station ($2000)

Impingement | Entrainment Total
" 20% reduced impingement and 40% reduced ~ low $2,000 P 892,000 i $94,000
entrainment ' ; : :
© high ¢ $175000 . $11,093,000 $11,268,000
50% reduced impingement and 60% reduced  © low $5,000 $138,000 $£143,000
entrainment’ : :
high $524.000 ¢ §16,640,000 : $17,164,000
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Figure F6-1: Overview and Summary of Average Annua! I&E at Brayton Point Station and Associated Ecoriomic
Values (based on I&E averaged over the period 1974-83 and adjusted for current operations: ali results are
annualized)’

a
b
¢
d

1. Number of organisms lost (eggs, larvae, juveniles, etc.)”

I: 69.300 fish (40.300 forage. 29,000 commereial and reercational)
E: 3.8 million fish (3.2 milion forage. 605,700 commercial and recreational)

I 44.800 organisms Pi{odu’ctiox'
E: 16.7 billion organisms oregone
2. Age 1 equivalents lost (number of fish)* Rt;;])g:]ctc-

3. Loss to fishery (recreational and commercial harvest)*
I: 3.500 fish (5.100 Ib)
E:43.000 fish (70.400 th)

A

Y

Y

4. Value of commercial losses
F: 3.200 fish (4.116 1b)
$6.800 ¢74.7% of $1 loss)
E:37.700 fish (54500 Ib)
$173.300 (75.4% of $C loss)

& Value of recreational losses
1: 308 fish (975 1b)
$1.400 (15.4% of 3} loss)
E:3.300 fish (13.900 b}
$30.700 (13.4% of $L loss)

A

6. Value of forage losses (valued
using either replacement cost
method or as production
foregone to fishery yield)
1: 40.300 fish
$200 (2.2% of 81 loss)
E:3.2 million fish
$10.600 (4.6% of 3E loss)

7. Value of nonusc losses
I: $700(7.7% of §1loss)
F:$15400 (6.7% ol $E loss)

8. Habitat replacement cost!
I: $873.000 per vear
E:8$27.733.000 per vear

All dollar values are the midpoint of the range of estimates.
From Table F3-10 of Chapter F3.
From Tables F4-2, F4-3, F4.-9, and F4-10 of Chapter F4,

Excluding estimated HRC costs for artificial reef emplacement, as discussed in Chapter F5.

Note: Species with [&E <! percent of the total 1&E were not valued.
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Figure B6-2: Brayton Point: Distribution of Impingement Losses by Species Category and Associated Economic

Values

36.7% Commercial
and Recreational Fish?
UNVALUED (i.e.,
unharvested) -

0% of $1]°

5.1% Commercial and
Recreational Fish®
VALUED as direct loss ta
commercial and
recreational fishery
{commercial losses are
4.6% of total)®

£0.1% of 8{]°

Total: 44,800 fish per year (age | equivalents)®
Total impingement value: $9,000°

58.2% Forage Fish®
UNDERVALUED (valued
using replacement cost
method or as production
foregone to fishery yield)
£2.2% of 81]°

* Impacts shown are to age | equivalent fish, except impacts to the commerciaily and recreationally harvested fish include impacts for all ages vulnerable

to the fishery.
® Midpoint of cstimated range. Nonuse values are 7.7 percent of total estimated $1 loss.

Fo-4



§ 316(b) Case Studies, Part F: Brayton Point Chapter F6: Benefits Analysis

Figure F6-3: Brayton: Distribution of Entrainment Losses by Species Category and Associated Econemic Values

a 6% ial and
1.1% Commercial and Recreational Fish 14.6% C-ommer.cxaa an
VALUED as direct loss to commercial and Rccmatlonalfwh
recreational fishcry (commercial losscs are UNVALUEg (i.e.,unharvested)
1.0% of total)’ [0% of $E]

[88.7% of $E] °

84.3% Forage Fish®
UNDERYALUED
(valued using
replacement cost
method oras
producticn foregone to
fishery yield)

[4.6% of $E]®

Totak 16.7 billion fish per year (age 1 equivalents)’
Total entrainment value: $230,000°

“ Impacts shown are to age | equivalent fish, except impacts to the commercially and recreationally harvested fish include impacts for all ages

vulnerable to the fishery.
® Midpoint of estimated range. Nonuse values are 6.7 percent of total estimated $E loss.
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F6-3 SUMMARY OF OMISSIONS, BIASES, AND UNCERTAINTIES IN THE BENEFITS
ANALYSIS
Table F6-4 presents an overview of omissions, biases, and uncertainties in the benefits estimates. Factors with a negative

impact on the benefits estimate bias the analysis downward, and therefore would raise the final estimate if they were properly
accounted.

Table F6-4: Omissions, Biases, and Uncertainties in the Benefits and HRC Estimates

Issue f[mpact on Benefits Estimate : Comments
Used data from 1974-1983 as Understates benefits® “There is data suggesting a plant-impacted declining fishery before
baseline for calculating 1&E : 1985, Therefore numbers based on 1974-1983 may underestimate thé
figures ; full impact that Brayton 1&E would have on a healthy fishery.
Long-term fish stock effectsnot Understates benefits® éEPA assumed that the effects on stocks are the same each year, and that
conmdered : .the hlgher fish kills would not have cumulatively greater impact,
Effcct of interaction wnh orhcr Understates benefits® @EPA did not analyze how the yearly reductions in fish may make the
environmental stressors : ‘stock more vuincrable to other environmental stressors. In addition, as

fwater quality improves over time due to other watershed activities, the
‘number of fish impactcd by I&E may increasc.

Recreation participation is held  : Understates benefits® :Recreational benefits only reflect anticipated increase in value per
consl.anl‘ : ;actlvrty outing; increaséd levels of participation are omitted.

Boatmg, bird- watchmg, and other . Understates benefits’ §The only impact to recreation considered is fishing.

in-stream or near-water activities : 5

are omitted” :

Did not count benefits for Uncertain : As explained above in Section F3-6.3, the available information
artificial reef installation for the ‘suggests very high restoration costs to offset I&E losses for just the
tautog : ‘tautog, which makes up only 0.8 percent of the I&E losses at Brayton

:Point. This result may be correct, but further investigation of potential
‘tautog productivity at reefs is warranted. Therefore, EPA did not
‘include these values in the HRC total benefits estimate.

HRC based on capture data Understates bencﬁts :High percent of less than age 1 fish observed in capture data, thereby
assumed to represent age 1 fish ! ‘icading to potemlal underestimate of scale of rcsroranon required.
Effect of change in stocks on : Uncertain %EPA assumed a linear stock to harvest relauonshlp (e.g., that a
number of landings g “13 percent change in stock would have a 13 percent change in

: ‘landings); this may be low or high, depending on the condition of the

‘stocks.

Nonuse benefits : Unccrtam :EPA assumed that nonuse beneﬁts are 50 percent of recreational

: ‘angling benefits.
Recreation values for various Uncertain :Somc recreational valucs used arc from various rcgions beyond the
geographic areas : :Brayton Point region.

* Benefits would be greater than estimated if this factor were considered.
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Chapter F7:

Conclusions

As discussed in Chapter F3, EPA estimales that the cumulalive impingement impact of the Brayton Point Station is 69,300
age | equivalents or 5,100 pounds of lost fishery yield per year. The cumulative entrainment impact amounts to 3.8 million
age | equivalents or 70,400 pounds of lost fishery yield each year.

The results of EPA’s evaluation of the dollar value of I&E losses at Brayton Point (as calculated using benefits transfer, in
Chapter F4) indicate that baseline economic losses range from $6,500 to $11,600 per year for impingement and from
$163,400 to $296,600 per year for entrainment {all in $2000).

EPA also developed an HRC analysis to examine the costs of restoring lost impinged and entrained organisms (Chapter F5).
Using the HRC approach, the value of I&E losses at Brayton Poini are approximaiely $873,000 per year for impingement,
and over $27.7 million per year for entrainment (HRC annualized at 7 percent over 2() years, in keeping with estimates for
compliance costs). These HRC estimates were merged with the benefits transfer results (from Chapter F4) to develop a
comprehensive estimate of the potential benefits of reducing I&E (summarized in Chapter F6). Benefits were estimated for
different levels of I&E reduction, ranging from 10 percent to 90 percent reductions in I&E. The resulting estimates of the
potential economic benefits of reduced I&E ranged from $5,000 to $524,000 per year for a 60% reduction in impingement
and from $161,000 to $19.4 million per year for a 70% reduction in entrainment {all in $2000).

For a variety of reasons, EPA believes that the estimates developed here underestimate the total economic benefits of
reducing I&E at Brayton Point. EPA assumed that the effects of I&E on fish populations are constant over time (i.e., that fish
kills do not have cumulatively greater impacts on diminished fish populations). EPA also did not analyze whether the number
of fish affected by annual [&E would increase as populations increase in response to improved water quality, fishing
restrictions to rebuild depleted stocks, or other improvements in environmental conditions. In the economic analyses, EPA
also assutned that fishing is the only recreational activity affected.
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Appendix F1: Life History Parameter
Values Used to Evaluate I&E

The tables in this appendix present the life history parameter values used by EPA to calculate age 1 equivalents, fishery
yields, and production foregone from I&E data for the Brayton Point facility. Life history data were primarily obtained from
the Brayton Point Permit Renewal Application reviewed by the Brayton Point Technical Advisory Committee (PG&E
National Energy Group, Appendix F, 1999¢). If not available in the Permit Renewal Application, the data were compiled
from a variety of other sources, with a focus on cbtaining data on local stocks whenever possible. The fishing mortality rates
recommended for stock rebuilding were used, when available. These rates were obtained from the Northeast Fishery Science
Center (NOAA, 2001c¢).

Table F1-1: Alewife Species Parameters

Stage Name | 'vatural Mortality* © Fishing Mortality' : Fraction Vulnerable |  Weight
ge (per stage) : (per stage) ; to Fishery® : (b}
Eggs : 0.544 : 0 ﬁ 0 ©0.000022¢

S g G S N T PN

0.00022¢

0 0

0 0

® Not a commercial or recreationat species, thus no fishing mortality.
¢ Assumed based on data in PG&E National Energy Group (2001).

App. FI-1
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Table F1-2: Atlantic Menhaden Species Parameters
Natural Mortality* Fishing Mortality* Fraction Vulnerable Weight
(per stage) : (per stage) : to Fishery® : (Ib)
' 0 © 0 0.000022¢

Stage Name

Eggs

0 0.00022¢
wlo 1T g 0000063421 ......
................................. 0 002513
................................................................................................................... 050235a

P T P PR TN

1 j 0.402°
© 0586

* PG&E National Energy Group, 2001. .
® Commercial species. Fraction vulnerable assumed.
° Assumed based on data in PG&E National Energy Group (2001).

Table F1-3: American Sand Lance Species Parameters
| Natural Mortality' | Fishing Mortality® | Fraction Vulnerable @ Weight

Stage Name (per stage) (per stage) : to Fishery® @ib)

Eggs 1.41 P -0 ] i 0.000022¢
Larvae .............. 297 .................. R S S ______ oo
................................ S P S ool
,,,,,,,,,,,,,,,,,, 000384“
............................................... T
.............................................. YT
0015y
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0019]‘1
o o
................................................................ 00255
Agc 8+ 0.72 0 0 o 0028a o
Age9+ ISR S P S S ,,,,,,,,,,,,,,,,, o e PO
AgelO+ .............. .............. TR S o ................... P . 03}93 ........
Age11+ .............. T R ................ PR oo

* PG&E National Energy Group, 2001.

® Not a commercial or recreational species, thus no fishing mortality.
¢ Assumed based on data in PG&E National Energy Group (2001).

App. F1-2
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Table F1-4: Atiantic Silverside Species Parameters

Stage Name © Natural Mortality* 3 Fishing Mortality" . Fraction )/ulnerable Weight
(per stage) (per stage) to Fishery" (ib)
141 0 0 0.000022¢
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, o e Coooonr
"""""""""""""""""""" 263 0 0 . 0003
................................................. o G 0003493
* PG&E National Energy Group, 2001.
® Not a commercial or recreational species, thus no fishing mortality.
¢ Assumed based on data in PG&E National Energy Group (2001).
Table F1-5: Bay Anchovy Species Parameters
s tage Name Natural Mortality* Fishing Mortality* : Fraction 'Vulne:able Weight
(per stage) {per stage) to Fishery’ (Ib)
Eggs 1.1 : 0 0 0.000022¢
e e P O oo
R s N G 000104“
Agcl+ .................................... P o P G
Age 2+ 23 0 0 i 000765
Age 3+ 23 0 0 001260
* PG&E National Energy Group, 2001, k
® Not a commercial or recreational species, thus no fishing mortality.
¢ Assumed based on data in PG&E National Energy Group (2001).
Table F1-6: Butterfish Species Parameters
Stage Name : Natural Mortaiity : Fishing Mortality® :  Fraction 'Vulnerable Weiglrn
{per stage) {per stage) to Fishery* (Ib)
Eggs 23 0 : 0 0.000000002¢
Lawae ...................................... 756" .......................... 0 .............................. 0 .................................... 00000023 ...........
Agcl+ .................................... T R e R S R
Age2+ ......................... R e S ; e
Age3+ OSSR SR P B e Y

* Calculated from survival for Atlantic silverside {Stone & Webster Engineering Corporation, 1977) using the using the
equation: (nataral mortality) = -LN(survival) - {fishing mortality).
® Calculated from extrapolated survival using the using the equation: (natural mortality) = -LN(survival) - (fishing mortality).
¢ NOAA, 2001b, ’

NOAA, 2001b. F,, for Gulf of Maine - Middle Atlantic.

Commercial species. Fraction vulnerable assumed.

d

! Weight calculated from length using the formula: (4.0x 10°°)*Length(mm ) * = weight(g) (Froese and Pauly, 2001).
¢ Length from Able and Fahay (1998).

" Length from Scott and Scott (1988). Eastern United States.

App. F1-3
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Table F1-7: Hogchoker Species Parameters
| Natural Mortality* Fishing Mortality® Fraction Vulnerable | Weight

Stage Name (per stage) : (per stage) : to Fishery" (Ib)
Eggs 1.04 0 0 : 0.00022¢
O e
Juvcmlel ........................ TR CEE R ; :
Age e PR ST e . ...........................
Age - s o G ................... P ....... PeTera
Age3+ """"""""""""""" 0705 """""""" 0o """""""""" 0 0061“ """""
Age4+ .............................. P .................. 0 ................. G ....... o
Age5+ ............................. TR . e 00138“ .........
Age6+ ................................ P S e R e

* PG&E National Energy Group, 2001. :
® Not a commetcial or recreational species, thus no fishing mortality.
¢ Assumed based on data in PG&E National Energy Group (2001).

Table F1-8: Rainbow Smelt Species Parameters
Natural Mortality” Fishing Mortality" . Fraction Yuinerable Weight

Stage Name

(per stage) : (per stage) : to Fishery* (ib)

: 0 0 : 0.00022¢
. o S T oo
T e G ................... 0 ...... T
...................................................................... 0040500182“
B O __________________ e ........ o
e __________________ [ P
004 ___________________ R 01313 ,,,,,,,,,
e, 004 ,,,,,,,,,,,,,,, for . I 0]8“ ..........
...................................................................... 004 B e

* Stone & Wehster Engineering Corporation, 1977.
¢ Commercial species. Fraction vulnerable assumed.
¢ Assumed based on data in PG&E National Energy Group (2001).

App. F1-4
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Table F1-9: Scup Species Parameters

[P PR b . .
Stage Name - Natural Mortality* : Fishing Mortality Fraction Vulnerable Weight

(per stage) : (per stage) : to Fishery® i (b)
Epgs ' |43 | 0 0 00002
Loy ........ R e
Juvenile. t“ - 5;36 7 - v 0 - 70” o o 0028a 7
Age L N 0383 e s 0 . | .I N 0 - 0{32

® NOAA, 2001c. F,, for Southern New England - Middle Atlantic.
¢ Assumed based on data in PG&E National Energy Group (2001).

Table F1-10: Seaboard Goby Species Parameters

Stage Name i Natural Mortality* © Fishing Mortality* : Fraction Vulnerable .  Weight

(per stage} : (per stage) : to Fishery* : (ib)
Eggs ﬁ 0.288 0 é 0 - 0.000022"
Lawae e 409 ........ 0 ______________ _________________ 0 ______ 060022" .......
Juvem[el e 23 o 0 ,,,,,,,,,,,,,,,, ...... S 0 0000485‘ ,,,,,,
Age]+ .......... 255 R S 0 ................. 1 0002053 .......

? PG&E National Energy Group, 2001.
® Assumed based on data in PG&E National Energy Group (2001).

App. F1-5
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Table F1-11: Silver Hake Species Parameters

Stage Name

iNatural Mortality (per: Fishing Mortality’ : Fraction Vulnerable Weight

stage) : (per stage) : to Fishery* : (b’

0.000000006#

0.00203"

b

Calculated from extrapolated survival using the using the equation: (natural mortality) = -LN(survival) - (fishing mortality).

¢ Froese and Pauly, 2001.
4 NOAA, 2001c. F,, for southern stock.
¢ Commercial species. Fraction vulnerable assumed.

f

Weight calculated from length using the formula: (3.79x10*)*Length(mm)* " = weight(g) (Froese and Pauly, 2001).

& Length from Scott and Scott (1988).
P Length assumed based on Scott and Scott (1988).

App. FI-6

Table F1-12: Striped Killifish Species Parameters
i Natural Mortality : Fishing Mortality | Fraction Vulnerable | Weight
(per stage) : (per stage) : to Fishery* : (Ib)*
Eggs f 2.3 : ‘ 0.0000009°

Stage Name

Larvae 2.14°

Agel+ : 0.777° 0.0121°
Age R oo
Age3+ ..................... b
X gc T P SRR

Agess 0777 0

Age6+ R e 0. ..................................................................
- ge R e e R

using the equation: (natural mortality) = -LN(survival) - (fishing mortality).

® Calculated from survival for mummichog (Meredith and Lotrich, 1979) using the using the equation:
(natural mortality) = -LN(survival) - (fishing mortality).

¢ Not a commercial or recreational species, thus no fishing mortality.

¢ Weight calculated from length using the formula: (2.6x10%)*Length(mm)** = weight(g) (Carlander, 1969).
¢ Length from Able and Fahay (1998).

" Length from Carlander (1969).

Appendix F1: Life History Parameter Values
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Table F1-13: Tautog Species Parameters

Natural Mortality® Fishing Mortality® . Fraction Vulnerable Weight
(per stage) : (per stage) : to Fishery* : (Ib)

0.0022¢

Stage Name

<

(=]

b

Atlantic States Marine Fisheries Commission, 2000h. | o—
Commercial and recreational species.” Fraction vulnerable assumed.

¢ Assumed based on data in PG&E National Energy Group (2001).

I
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Table F1-14: Threespine Stickleback Species Parameters

Stage Name Natural Mortality* Fishing Mortality* Fraction Vulnerable Weight
£ (per stage) : (per stage) ; to Fishery" : (ib)
Eggs ' L 0.00022¢

Larvae 0.0011°
Juvenile | o e o0
Agel+ N ;

Ag62+ ...........

Agc3+ ................................................... il

* PG&E Nanonal Energy Group, 2001.
® Not a commercizl or recreational species, thus no fishing mortality.
¢ Assumed based on data in PG&E National Energy Group (2001).

Table F1-15: Weakfish Species Parameters

Natural Mortality* Fishing Mortality® | Fraction Vulnerable Weight

Stage Name (per stage) : (per stage) ; to Fishery* i (b)

Eggs f 1.04 : 0 3 0 o 0.000022¢

* PSEG, 1999c¢.
" Atlantic States Marine Fisheries Commission, 2000d. Management goal.
¢ Assumed based on data in PSEG (1999¢).

App. F1-8
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Table F1-16: White Perch Species Parameters

Stage Name Natural Mortality” Fishing Mortality" Fraction Vulnerable Weight
& (per stage) : (per siage) : to Fishery" : (Ib)
Egs 142 0 : 0 - 0.00022

Larvae ' 450 0 0 ool

® Commercial and recreational species. Fraction vulnerable assumed.
© Assumed based on data in PG&E National Energy Group (2001).

Table F1-17: Windowpane Species Parameters

Stage Name Natural Mortality® Fishing Mortality" . Fraction Vulnerable Weight
£ (per stage) : (per stage) : to Fishery* : (Ib)
Eggs r 1.41 0 : 0 f0.0011¢

* PG&E National Energy Group, 2001.

" NOAA, 2001c. F_., for Southern New England - Middle Atlantic.
¢ USGen New England, 2001.
¢ Assumed based on data in PG&E National Energy Group (2001).

App. F1-9
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App. FI1-10

Appendix F1: Life History Parameter Values

Table F1-18: Winter Flounder Species Parameters

Stage Name | Natural Mortality' | Fishing Mortality®  Fraction Vulnerable :  Weight
g (per stage) : (per stage) : to Fishery® : {Ib)

Eggs : 0.288 0 : 0 L 0.0022°

Larvae 2 0.011¢
Larvae 3 0.0176"
Larvae 4 0.022¢

Juvenile 1

Age 1+ A0
Age 2+ ’

* PG&E Nanional Energy Group, 2001.

® NOAA, 200ic. Frarger fOr Southemn New England - Middle Atlantic.
¢ Colarussa, 2000,

¢ Assumed based on data in PG&E National Energy Group (2001).
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Chapter G1: Background

Chapter G1: Background

This report presents the results of an evaluation ol two
New England coastal facilities, the Seabrook Nuclear
Power Station in Seabrook, New Hampshire, and the
Pilgrim Nuclear Power Station in Plymouth,
Massachusetts. The facilities are located in the same
ecological region, but differ in the locations of their
CWIS: Seabrook’s intakes are located over 1 mile
offshore, in relatively deep waters, whereas the Pilgrim
intakes are located nearshore in an artificial embayment
created by the construction of a series of breakwaters.
Section G1-1 of this background chapter provides brief
descriptions of the facilities, Section G1-2 describes the
environmental setting, and Section G1-3 presents
information on the socioeconomic characteristics of the
areas near each facility.

! T TE————

CHa

Gl-1 Overview of Case Study Facilities ..............

Gl1-2 Environmental Setting .......................
Gl-2.1 GulfofMaine .........ociviivinn.,
G1-2.2 Aquatic Habitatand Biota.............
G1-2.3  Major Environmental Stressors . ........

Gi-3 Socioeconomic Characteristics .................
G1-3.1 MajorIndustries ......ovvviiiriennns
G1-3.2 Commercial Fisheries ................
G1-3.3 Recreational Activities ..............

G1-1 OVERVIEW OF CASE STUDY FACILITIES

Seabrook facility

The Seabrook facility is a two-unit 1240 MW nuclear power
generating station {Normandeau Associates, 1999) located in
southeastern New Hampshire just over the state line from
Massachusetts and approximately 15 miles south of
Portsmouth, New Hampshire (Figure G1-1). Seabrook is
situated 3.2 km (2 mi) inland from the Atlantic coast on 364
hectares (889 acres) of land, 202 hectares (500 acres) of which
are wetlands.

Commercial operation of the Seabrook station began in 1990,
Seabrook had 840 employees in 1999 and generated 8.7 million
MWh of electricity.! Estimated revenues in 1999 were $932
miilion, based on the plant’s 1999 estimated electricily sales of
8.2 million MWh and the 1999 company-level electricity
revenues of $113.42 per MWh. Seabrook’s 1999 production
expenses totaled almost $182 million, or 2.101 cents per kWh,
for an operating income of $750 million.

Both Seabrook generating units use pressurized-water reactors
and are equipped with a circulating water system for
condensing steam back to feedwater (Normandeau Associates,
1999). The circulating water system uses 5,000 m (17,000 fi)
long pipes to draw ocean water from Ipswich Bay via intakes
2,000 m (7,000 f1) oftshore at a depth of 18 m (60 fi). Each

PTER CONTENTS

< (hwaership Informarion

Seabrook is a regulated utility plan operated by North
Atlantic Enerpgy Service Corporation, a subsidiary of
Northeast Utilities (NU). Seabrook is jointly owned
by several utility companies, with NU owning 40
percent, the largest share in the plant (Form EIA-
860A, 2000). Through its subsidiaries, NU provides
electric power to 1.7 million custormers throughout
New England. NU is a domestically focused company
that had 9,260 employees in 2000 (Hoover’s, 2001g).
NU owns or controls more than 4,500 megawatts of
capacity. During 2000, NU posted revenues of $5.9
billion and sold 75.6 million MWh of electricity (NU,
2001a,b).

Pilgrim began operation as a regulated utility plant.

In July 1999, Entergy Nuclear acquired the plant from
Boston Edison. Entergy Nuclear is a division of
Entergy Corporation. Entergy Corporation is a global,
competitive energy company with 14,100 employees
worldwide and a total generating capacity of more
than 30,000 megawatts. In 2000, Entergy posted
MWh sales of over 103 million and revenues of $10.0
billion (Hoover’s, 2001 e; Entergy Corporation, 2001).

intake is equipped with a 9 m (30 fi) diameter velocity cap to regulate the intake flow. The normal flow at the Seabrook
facility is 811 MGD with a velocity of 0.5 fps. Once used, water in the cooling system is discharged through diffuser nozzles
back into the Atlantic Ocean 1,700 m (5,500 {i} from the plant (New Hampshire Yankee Electric Company, 1986).

" One MWh cquals 1,000 KWh.
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Pilgrim facility
The Pilgrim facility is a 670 MW nuclear power plant on the northwest shore of Cape Cod Bay on Plymouth Bay (Entergy

Nuclear General Company, 2000). The facility is about 61 km (38 mi) southeast of Boston and 71 km (44 mi) east of
Providence, Rhode 1sland (Figure G1-1).

Figure G1-1: Locations of the New England Coastal Case Study Facilities
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Commercial operation of the Pilgrim station began in 1972, In 1998, Pilgrim generated 5.7 million MWh of electricity.
Estimated 1998 revenues for the Pilgrim plant were $597 million, based on the plant’s 1998 estimated electricity sales of 5.3
million MWh and the 1998 company-level electricity revenues of $112.00 per MWh. Pilgrim’s 1998 production expenses
totaled $143 million, or 2.503 cents per kWh, for an operating income of $454 million.?

? Pilgrim was sold to Entergy Nuclear, a nonutility, in July of 1999. Therefore, the FERC Form-1 data presented in this section are
not available for 1999,

Gl-2
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Pilgrim uses a boiling water reactor to produce steam and a once-through cooling system that draws its water from Plymouth
Bay directly offshore from an embayment created when the facility constructed a series of breakwaters. The cooling system
uses two pipes with an intake capacity of 224 MGD. The intake structure consists of wing walls, a skimmer wall, vertical bar
racks, and vertical traveling screens to remove aquatic organisms and small debris. The intake approach velocity just before
the screens is 1 fps (ENSR, 2000).

Table G1-1 surnmarizes the plant characteristics of the Seabrook and Pilgrim power plants.

Table 61-1: Summary of Seabrook and Pilgrim Plant Characteristics

Seabrook (1999) : Pilgrim (1998)

Plant EIA Code " 6115 : 1590
NERCRBglOn PSRN VU OO PP P P NPCC T
Tora Capacxty (MW) USSP e N Sag N ........................ 670 ..........................
anary e e ................ Uramum .............. e e
NumberofEmployees ............................................. o I | o
NC!Gchratl()n(rmll]OnMWh) e
Estimated Revenues (million dollars). Y I
Tota] Producuon Expense (million do]lars) . 182 :
Producticn Expensc(¢/k Wh) .............................................................. S
Estimated Operating Income (million dollarsy . 750 . asa
Notes: NERC =  North American Electric Reliability Council

NPCC =  Northeast Power Coordinating Council

Dollars are in $2001.

* 1996 data.

Source: Form E1A-860A (NERC Rcgion, Total Capacity, Primary Fuel); FERC Form-1 (Number of Employees, Total Production
Expense); Form EIA-906 (Net Generation).

G1-2 ENVIRONMENTAL SETTING

G1-2.1 Gulf of Maine

The Seabrook and Pilgrim facilities are both on the Gulf of Maine, an area bounded to the south and east by tall underwater
landforms called “banks™ that form a barrier to the North Atlantic. The western and northern boundaries to the Gulf of Maine
are defined by the coastlines of Massachusetts, New Hampshire, Maine, New Brunswick, and Nova Scotia.

The Seabrook facility is located on the Browns River near a salt marsh estuary, about 2 miles inland from the coast. The
estuary is formed by the confluence of several waterways, including the Hampton, Browns, and Blackwater rivers and Mill
Creek. Approximately 10% of the estuary is open water, and the remainder is salt marsh. Hampton Harbor, which is located
at the mouth of the Browns River, is a shallow lagoon, roughly 1.9 km (1.2 mi) wide by 2.4 km (1.5 mi) long, behind the
barrier beaches at Hampton and Scabrook (Normandeau Associates, !994b).

The western shore of Plymouth Bay near the Pilgrim facility is a mix of sand beaches, bluffs, and boulder outcroppings v
(Kelly et al,, 1992). The mouth of the Plymouth Bay estuary is approximately 6.4 km (4 mi) northwest of the Pilgrim facility.

61-2.2 Aquatic Habitat and Biota

The aquatic community near the Seabrock facility is typical of that found in the northeastern United States waters
{Normandeau Associates, 1999). The submerged rock surfaces near Seabrook support rich and diverse communities of
attached algae and animals that are a rich food source for more than 30 fish species that use the area as a nursery as well as
for rearing and forage. Several fish species found in the coastal waters near Seabrook support commercial and recreational
fisheries, such as winter flounder (Pleuronectes americanus), yellowtail flounder (Limanda ferruginea), Atlantic cod (Gadus
morhua), Atlantic mackerel (Scomber scombrus), and Atlantic herring (Clupea harengus). Forage fish such as Atlantic
silverside (Menidia menidia) are also present in these waters.

Gi-3
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The part of Cape Cod Bay where the Pilgrim facility is located is a zoogeographic boundary, marking the distributional limits
for many marine organisms (Kelly et al., 1992). Many species typically associated with the seasonally warmer waters south
of Cape Cod, e.g., spotted hake (Urophycis regius), oyster toadfish (Opsanus tau), and rainwater killifish {Lucania parva),
occasionally move north into Cape Cod Bay in mid- to late summer. However, most northern species, e.g., rainbow smelt
(Osmerus mordax), Atlantic tomcod (Microgadus iomcod), and rock gunnel (Pholis gunnellus), rarely extend into the waters
south of Cape Cod Bay (Able and Fahay, 1998).

61-2.3 Major Environmental Stressors

a. Habitat loss and alteration

The areas surrounding the Pilgrim and Seabrook facilities have long been inhabited, and support a wide range of human
activities. As a result, there has been significant habitat alteration and loss because of wetlands draining/filling for
construction of residentiat and commercial structures, as well as alterations to subaquatic habitats by fishing and onshore
residential and industrial activities (e.g., laying of discharge pipes). One common alteration relates to the restriction of tidal
flows to tidal wetlands through diking or the construction of roadways with improperly sized culverts among other causes. In
these areas, as the tidal flows have been diminished or eliminated, the formerly salt-tolerant vegetation characteristic of a tidal
wetland were colonized by less salt tolerant species, notably Phragmites australis, a tall reed grass that is native to New
England. Phragmites grows in dense monoculture stands that reduce the ability of the habitat to support aquatic and
terrestrial species.

b. Introduction of non-native species

There are concems over the introduction of non-native species into the coastal habitats of Massachusetts through ship ballast
water (MIT Sea Grant, 2001). One species that recently colonized southern Massachusetts waters is Hemigrapsus
sanguineus, a crab native to the western North Pacific. /. sanguineus eats a variety of algae and animals, including juvenile
clams, and affects the local ecology by competing for food and habitat space with native crab species, although it may also
serve as a food source for larger animals (MIT Sea Grant, 2001).

Other invasive species include bittersweet (Celastrus orbiculatus) and saltspray rose {Rosd rugosa) (Manomet Center for
Conservation Sciences, 2001).

c. Overfishing

Based on trends in catch and fishing effort, the National Marine Fisheries Service (NMFS) believes that the dominant factor
affecting New England’s commercial fish stocks is overfishing (NMFS, 1999b). NMFS statistics show that standardized
trawl effort for groundfish in the Guif of Maine approximately doubled from 1976 to 1988, vet fishermen saw a decline in
landings and catch per unit effort during that period (Townsend and Larsen, 1992). The changes in commercial fish stocks
brought about by overexploitation also have consequences for the noncommercial and recreational fish species.

d. Pollution

The large population and residential and industrial development near the Pilgrim and Seabrook facilities are a source of
nonpoint source (NPS) pollution, which plays a major role in adversely affecting the quality and productivity of the nearby
waters. When rainwater and snowmelt run over farm fields, city streets, timberland, and lawns, other pollutants such as soil
sediments, fertilizers, sewage, and pesticides are picked up and deposited into surface water. Contaminated rainwater often
runs directly into coastal waters such as salt marshes and estuaries, impairing water quality and reducing the productivity of
coastal habitats. Because estuaries serve as the breeding grounds for fish and other wildlife, commercial fisheries are
ultimately affected by NPS pollution (Massachusetts Office of Coastal Zone Management, 1994),

One of the most costly consequences of coastal NPS pollution is the closing of shellfish beds because of excessive fecal
coliform counts. Between 1980 and 1994, shellfish bed closings increased dramatically, many the direct result of NPS
pollution from septic systems and from domestic and farm animals (Massachusetts Office of Coastal Zone Management,
1994). Finally, the increase in nutrients entering shallow coastal ecosystems (NBEP, 1998} associated with NPS are seen as
the most widespread factor altering the structure and function of aquatic systems by causing increased macroalgal biomass
and growth. For example, the Waquoit Bay National Estuarine Research Reserve on Cape Cod has experienced a particular
problem with increases in seaweeds, which have decreased the areas covered by eelgrass habitats. Eelgrass serves as a
primary source of food, shelter, and spawning habitat for an abundance of marine life, including economically important
finfish and shellfish species such as winter flounder, tautog {Tautoga onitis), bluefish (Pomatomus saltator), quahogs or hard
clams (Mercenaria mercenaria), bay scallops (Argopecten irradians), sofi-shelled clams (Mya arenaria), and blue crab
(Callinectes sapidus Rathbun) (NBEP, 1998). '

Gl-4
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G1-3 SOCIOECONOMIC CHARACTERISTICS

In 2000, Rockingham County, where the Seabrook facility is located, had a population of 277,359, a home ownership rate of
75.6%, and a median household income of $54,161 (Table G1-2; U.S. Census Bureau, 2001). In 2000, Ptymouth County,
where the Pilgrim facility is located, had a population of 472,822, a home ownership rate of 75.6%, and a slightly lower
median household income than Rockingham County (Table G1-2; U.S. Census Bureau, 2001).

Table 61-2: Sociceconomic Characteristics of Rockingham County, New Hampshire and Plymouth County,
Massachusetts. Data from 2000 Except Where Shown.
©  Rockingham County _ Plymouth County
Population 277,359 : 472,822

Land area {square mllcs)

Persons - per squarc | mx]c

Mcdlan household money income (1997 modcl bascd emmate)

Persons below poverty (%, 1997 model-based estimate)

Housing units

Home ownershlp rate.

Households : :

ipcmns pcrhouseho]d S U UROUSRRUTT U e R 274
Households with persons under 18 years (%) . . 8% 910%
/ngh school graduates persons 25 years and ov‘ci'.(l990 data) v 137,833 ------------- 232060 -------------
College graduates, persons 25 years and over (1990 data) L a7 - 61614

Source: U.S. Census Bureau, 2001.

G1-3.1 Major Industries

Tourism is a significant economic factor in the region near the Seabrook facility. The population around Seabrook typically
doubles in the summer months (New Hampshire Estuaries Project, 2002). Other economic activities in the area include
plastics, shoe, and furniture manufacturing, and metal fabrication. Most companies are small, with the largest employing
1,000 people. Total industrial employment is about 3,000 (New Hampshire Estuaries Project, 2002).

The town of Plymouth, near the Pilgrim facility, has relatively little industrial activity (State of Massachusetts, 2002); only
approximately [% of the land in the town is classified as commercial or industrial. Plymouth, however, is a major tourist
destination, with beaches and the nearby attractions of Plymouth Rock and Plymouth Plantation, which mark where the
Pilgrims landed in Massachusetts and portray life in their initial colony.

G1-3.2 Commercial Fisheries

Commercia} fishing in New Hampshire has generated between $§10.0 and $14.9 million of revenue per year for the past 10
years (personal communication, National Marine Fisheries Service, Fisheries Statistics and Economics Division, Silver
Spring, MD, 2002). Tables G1-3 and G1-4 show the pounds harvested in New Hampshire and the revenue generated for
commercial fisheries from 1990 1o 2000. Atlantic cod was the most important commercial fish species, constituting 33% of
the catch and 25% of the revenue. American lobster (Homarus americanus) was 14% of the catch by weight, but a greater
portion of the revenue at 40%. Other commercially important species were spiny dogfish shark (Squalus acanthias), pollock
(Pollachius virens), Atlantic herring, bluefin tuna (Thunnus thynnus), American plaice (Hippoglossoides platessoides), white
hake (Urophycis tenuis), yellowtail flounder, and shrimp.

Commercial fishing in Massachusetts generated between $206 and $306 million in revenue per year between 1990 and 2000
(personal communication, National Marine Fisheries Service, Fisheries Statistics and Economics Division, Silver Spring,
MD, 2002). Tables G1-5 and G1-6 show the pounds harvested in Massachusetts and the revenue generated for commercial
fisheries from 1990 to 2000. Sea scallop is the most important commercial species by revenue, constituting 5% of the catch
and 25% of the revenue. American lobster was 6% of the catch and 22% of the revenue. Atlantic herring was 17% of the
catch but only 1% of the revenue. Atlantic cod was 14% of the catch and 1% of the revenue. Other commercially important
spectes are goosefish (Lophius americanus), bluefin tuna, winter flounder, yellowtail flounder, spiny dogfish shark, skates
(Rajidae), and ocean quahog clam.
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§ 316(b) Case Studies, Part &: Seabrook and Pilgrim Chapter G1: Background

Table Gl 3: Commercial Flshmg Landlngs in New Hrarmpshlre 1990 _2000 (pounds)”

Speues

_ 1990 © 1991 1992 . 1993 i 19 1995 1996 1997 1998 | 1999 | 2000 .
Alewife G 9802 ¢ 2676 25994 L 38472

BdbS strlped I | A L = E i i s R I R N

...........................................................................................................

Biuefish 197,075 | 127,197 228,048 | 162,622 | 275260 | 187,006 | 159,833 | 62,524 16691 | 12,129 | 23927 | 1452312

Bonito, Atlantic | i Cos L2
bt T T E ................ - '4}6?5""; _____ e i ______ — El"”hi ,,,,,, e m U ams | aaan
T 1 s S Sy 8 St R S
Cod, Atlantic - 3774 455 4,649,553 3,608,230 2961523 3014 581 x2764 418 12789942 | 2,003,171 1490 755 | '356'01'7 1,756,330 | 29,162,975
o Wit ey Ak L HERLED, ARRE. AR IR LA SR P AL - AR
T B R e T
Crab, jonah R e G450 828403 : 571,780 ; 207.199 - 518,093 | 2,129975
Crabs 206,616 ¢ 42,500 ¢ 254,091 . 170,828 : 232014 : 120,888 ; 22395 . 298,544 : 187,175 | 457,728 | 1046 ; 1,993,825
e B i e et e e R R A
Cusk " 127928 . 79864 . 158833 67,401 . 87,000 : 102,772 : 121230 : 107,783 : 72,278 . 40,863 . 81,181 . 1.047.133
B, i D P AR = e T i e R S S R R
ol A e R o B L e e EENEES o i
onger T i T T R o T i O SRR
Finfishes unc for food* 3309 ;L1622 . 30 ;5155 | 408,738 : 144750 © 234791 : 115236 : 300,714 © 110,101 500 . 1324486
Fmﬁshesunc spawn* 210 s B 60 1083 S S " - S 3“ o : 1880 )
s T T e e R RIS U1
Founder, summer 20 i e AR e
Flounder, window-pane 73 . 387 . 890 1650 @ 35241
""""""""""" 1 ko éRd ! 129,878 14,659 | 32276 . 871,242
37944 42,109 104717 | 600426
. 61,683 95999 . 192,552 | 1,403,915
© 820,732 : 1,385,138 1,872,520 = 8,587,677
D443 73579 134301 481502
: E | T
Hake, Atlantic red/white % O, 6600 i 13,153 30545 . 790,757
Héi&é'}éd """""""""""" : : : ' S T 5 197,228
Hake, silver L 108,042 243,807 | 358296 | 2,404,604
Hake, white S 193,670 630,078 : 705446 | 4216512
Halibut, Atlantic 1566 ;2,523 ;9552 1 21,264
Herring, Atlantic {152,431 . 260,463 : 2,442,736 : 5,581,880 | 11,316,034
Lobster, American 1,414,368 © 1,194,653 | 1,380,714 | 1,157,941 | 16,948,924
Lumpfish L T476 L 38 - B
Mackercl, Atlantic . ‘ CP10,539 . 18985 21,350 7620 . 390,546
Mantis shrlmpb - i o ) ' ﬁ72§6777 i 23

Floundcr witch
Flounder, yellowtail
Goose-fish
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Seabrook and Pilgrim Chapter 61: Background

Table 61-3: Pounds of Commercial Fishing Landings in New Hampshire, 1990-2000 (pounds) (cont.)
Species . : ; : ; Year . ; : : : Total
1990 | 1991 1992 1993 1994 1995 | 1996 . 1997 . 1998 1999 i 2000
Menhaden, Atlantic i 264,500 | 204,000 : 25920 : 3,710 i : 5 ' : i | 498,139
Mussel bl e R T e e s e B K
Plaice, American §.206520 © 180,850 : 352,115 | 326775 | 321442 @ 2 ’:"i'éﬁ‘/’éé':j
Pollock 1,699,460 | 1,117,535 ;1,162,159 | 1,223,348 © 1,001,842 | . 13,546,195
Pout, ocean L5396 | 5577 © 12228 ¢ 5130 2,016
Redfish or occan perch - . 42491 11953 ¢ 16228 . 18,609. . 275758

Sandworms ‘ 599
Scallop sea ' . 8906 -
Scups or porgies ' 67 _
Sea raven i : ¥ 16,173
Sea urchins 59800 47797 ; 102494 : 46,163 : 12,117 : : . 792 . 307,025
Shad, American | 38206 . 18924 | 9903 | 6549 : 28226 30 561 35561 25436 . 15169 - 3674 . 5942 | 218151
Shark, porbeagle 640 ;125 397 ¢ ' ST R0a 4024 0 313716127
Shark, spiny dogfish | 185175 G a02,184 1,641,614 | 2,597,792 : 2,106,255 ;’i’dié’szj"”i 009,140 : 1,893,425 | 1,242,893 | 2,334,497 | 14492,498
Sharks ' 2,173 8868 . 5566 : 6928 . 10463 6720 %60 U143 T 91 66,687
Sheepahesd R G 6928 R R S B R S
Shellfish 1 : ; : . 69831 82,635 | 152,466
Shrimp, marine other 986,194 77220733 972,705 | 1,148,571 "i,‘6—5A8','5“8' 887,059 . 375861 467,956 110,125,775
‘Silver-sides e L : gEss L : S . . 8,888
Skates T 2340 27371 22223 020837 1 81877 | 54486 - 44688 ';"'3'734‘5“"; 42,163 | 57,997 . B4709 | 496,836
”S_n_'llt_:.i_t._irambow : o ' S
Smails (conchs) 2,504 - 274
Squid, longfin : E L : ; ; ; L
Squid, northem shortfin ~ : 128 ;208 . 446 . 20 ¢ 3 6075 1 4518 ¢ 64l
. BI0 i 6838 . 4555 . 5402 : 4363 : 89 234 1
""" R U S : :
L5 63 [ T R S
o ' : - ; 26 ] _
62,194 | 267,853 ¢ 182,554 : 128,603 : . ""","""Jé"1'06,'50'5"1"1'43',0'24";mﬁ’d;iéb 79,480 | 1,391,645
________________ L e e o
125400 | 17852 | 22,965 34749 . 31,772 ¢ 29,703 289,832

11457423 11,221,731 510,573, 26llll 363 997 :13, 200566 12758 694 11,068,246 ; 10,895, 712I10|72 j“31 |29463

® Note: “All annual and monthly landing summaries will return only nonconfidential landing statistics. Federal statutes prohibit public disclosure o andmgs (or other mfon‘natlon) that
would allow identification of the data contributors and possibly put them at a competitive disadvantage. Most summarized landings are nonconfidential, but whenever confidential
landings occur they have been combined with other landings and usually reported as “finfishes, unc” (unclassified) or “shellfishes, unc.” Total landings by state include confidential
data and will be accurate, but landings reported by individual species may, in some instances, be misleading due to data confidentiality (Personal communication, National Marine
Fisheries Service, Fishcries Statistics and Economics Division, Silver Spring, MD, 2002).”
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§ 316(b) Case Studies, Part &: Seabrook and Filgrim Chapter 61: Background

Table G1-4: Revenue from Commercial Landings in New Hempshire, 1990-2000

Year
1996 1991 L1992 0 1993 0 1994 0 1995 0 1996 | 1997 S1998 0 1999 2000
Alewife ; ; 54900 | §576 ; j é C 53795 ’
Base. smped B e R e B AL LI &

- Bluefish S ssa0aR U §33T00

...............................................................

Bomto Atlantlc
Butterfish

Species

Total

e 02T
T A i
$5302 © 59493 . $424578

S61353  $62866 . $76030 . $57231 . $44,idd

4095 s1a6l2
57, 504

: 7§$1 807,127 : §24,753 833
Crab, Atlanticrock : A A : 573

Crab, green D s’l;imﬁ R S D S R
Crab,jonah S . L . S1800 | $386,204 . $282,042  S121,184 : §310,854 | 51,102,084
3621 8911475

Cod, Atlantlc

17812414 . $22813 | $11506 | $35.866 : $10.505 S48 $135420
e e i s R I ol
$2,591
j : - 8120
si26 U Us213 T 8643 sIige . S11,813

838368 | $32873 | $15,948 | S$31,077 | $899451
: $70,496 © $50.889 : 71,419 & $64,026 : $59375 | $123,949 ; $953,002
""""""""""""""""""" : 81375375 $120847  S110,828 © §70,931 : $92821 © $194,863 . $1391521
"""""""""""""""""""" : $801,504 : $670,769 :$1,714,930 :$2,714,813 | $8,458,008
1Ts37,153 859,408 5103,640 | S

Crabs N . 876,721 . 513,600 | $93,075 . $63,938 : $92,297 : $47,209 : S§I2,003 . 5166,294 . $96,485 : $249,232 7
Cunner L .U s253 i s368 - s211 . s61 . §51 i §12 SIL " | $967
Cusk 860,516 . $41960  $79,086 | $34,970 | S48458 . SSB,651 . $67.616 | $55859  $41,031 . $28480

: : N i : $3
Bel, American S0 82076 G 8486 0 $2992
Eel, conger . $s0 o SLo s o S2 . se L osi1s 82 5269
animal food” Lo
Finfishes unc for food“ %2498 $835 o %22
Flatfish 397 sI4
Flounder summer L $]6 $92
Flounder, wmdowpane : '

i $44975 . $561.602
Dory, American jOhI‘l : : £3 ‘
Finfishes unc baitand © $12,130 = $31,665  $7.57t : 812313 0 sa3 CTsa T T seaed
Finfishes unc spawn® . $21 ' : $265 ‘ $36 $958

e B R (T B vl
$75,955 ¢ 596,832 | $112,782 i $41,198 ; §107,622 | §130,33] ; $930030 ,
$251,888 ; $150,708 | $150,680 | $i31000 | 5439574 = $327459 | $2,244.884
' $14,867 ¢ 842,119
s3.050 1§14 3375375 CS1dg 7 T 5306139 . 5755370
6,563,641 | 55,545,775 184,702,353 155,916,818 : 54,933,439 | $59,467,280
$116 : §781 i s2 i 5 i 8904
$7,982 094982 i §7006 $8611 . 54,039 : $133,992

..................................................................................

885,015 | $269,694
C$1,789 © $2,484
$25512  $50,

Halibut, Atlzmtlc
Hemng, Atlant]
Lobster, Arﬁencan

Lampfish

Mackcrel Atlantlc
Mantis shnmps

1,154
~ $17,680

320225
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§ 316(b) Case Studies, Part 6 Seabrook and Pilgrim Chcpter 6l Background

Table 61-4: Revenue from Commercial Landings in New Hampshire, 1990-2000 (cont.)
Year -

PO1993 ¢ 1994 1 1995 1 1996 1997 1998 0 1999 | 2000
’ " ‘ " N : é

Species Total

1990 1991
$5,880 $8,160

Menhaden, Atlantic

$16,007

Pollock
Pout ocean
Rcdﬁsh or occan perch
Sandworms

$780 992

.............................................................................................................

_5354

Scallop, sca e 862,330
Scups or porglcs ) $7l
Sca raven : R : : : : : E $2, 052
Sea urchins 822876 | $33457 | S43589 | . . §3359 : S$I1604 . 516870 i SLI0Y . $176,865
Shad, American | $6,665 | $4,535 | $2,429 | $1,7%64 . S$8850 . $7,789 'g”?sb;()'z(é”i;' 54,794 i 83,605 $530 8642 | $50,642
Shark, porbeagle i 8709 . ss0 i o§203 ;% Lo iosagsl i SI8I2 - 51873 . 89538
Shark, spiny dogfish | $20,916 ~ | 850,638 | $252,983 : $393,548 '$397,812 . $189,537 | $145,723 | $350,488 | $205,577 & $604,980 : $2,613,202
Sharks C$2273 86920 - $3,773 . 84,781 . $8S31 . $7.937 . 85279 . 83,099 | 8470 : 8566 . $127 : $43,756
St 0 30920 G 8773 S48l S ‘ G B MDY o T
Shellfish_ : : ; : ; : J; 3453 741 ;$432436"': $936.177
Shrimp, marine other $760,886 © $440,781 ° $252.402 '$'8"|8',’5‘2'4”j'$’i',4é'0'.58’t"; $1 ,':3.'7'4;98'3"g"$i','0'7§,’i'8'6":”$”7§6,"9”76 $281,570 | $374,583  $8,435809
G R e Sl S S
Skates ‘{‘”ftbéé‘"?'”555§i'"“"””[”"' """"""""""" §20.706 © $11,.833 ' “ﬁ&bdé"fj 9,670 | $12987 | §92952
Rl S R i s
Smails (conchs) o ae $1,635 . S1,707 86,363 ¢ $4192 : $630 . $139 . $14,666

Squid, longfin $11

Squid, northernshortfin | $49 . S62 i Sl40 ;0 S5 i 82 L ST6sasa i s2850 1 SLell  $302 T $5349
Squids . $211 . SL,73S G 81298 i $1,507 i $1,084 | $33 SI189 : .

Swrgeons 8117 A

Tautog T $3 $36 RO

Tuna, bluctin 539,490 \52 232, 64! 31012 606 $856249 ‘__$>498_,”I_{/__§__$7_Q,‘5_6.2'

Wblm:,h Atantic | $9075 | $7309  $88S1 | $6559 _:_»_3954_3_9 ______ $14,885 ¢ 811,732 812,041 1 S11684 ¢ 96,186 "f"ﬁiéﬁ:.:_ _____________________

Total $10076 877: $l3 290,154 12,054,527 i$12, 941 155:$13,397,832$14,925,401 $13,531 968 $12,576,587 SH 186,324:$12,541,730:$13,950,594:8140, 473 149
* Note: “Alt annual and n momhly landmg summaries will rcturn only nonconfidential landing statistics. Federal statutes proh:blt publlc disclosure of landings (or other information) that
would allow identification of the data contributors and possibly put them at a competitive disadvantage. Most summarized landings are nonconfidential, but whenever confidential landings
occur they have been combined with other landings and usually reported as “finfishes, unc™ (unclassified) or “shellfishes, unc.” Total landings by state include confidential data and will
be accurate, but landings rcported by individual species may, in some instances, be misleading due to data confidentiality (Personal communication, National Marine Fisheries Service,
Fisheries Statistics and Economics Division, Silver Spring, MD, 2002).”




§ 316(b) Case Studies, Part G: Seabrook and Pilgrim . Chapter- Gl Buckgmund

Table 61-5: Commercial Fishery Landings in Massachusetts, 1990-2000 (pounds)
Year
1990 i 1991 i 1992 1993 i 1994 i 1995 i 1996 1997 1998 1999 ' 2000
: 20,300 18,700 | 18900 : : L 180 f '

iAmberJack 1 : 1

Total

. 18780
e
10
5‘701411

Argentines

Bass, striped 200,000 751477 T 605,935 | 784,800 796,159 15
Bluefish 1,204,033 756,157 829,586 636,205 | 1167661 § 558,003 ¢ 906,03
Bonito, Atlantic 3,734 4285 | 87,063 7, 263 633 S47 139487
Buttefish 111,501 27421 13,030 | 49,127 | 58224 | 48472
Catfishes and P i N e
bullhcads ! : :

Clam arctic surf '303,240

D) i e e b
Clam, Atlantic | 21,280 © 24480 79968 | 326028 1 . 0 T T P03 LT i . 451,891
jackknife : ‘ : e : : ‘

Clam, Atlantic surf © 1,723,061 | 2,606,514 & 2,109,618 . 2,312,560 6,823,403 | 6,438 392';3"23'06'262 1,544 790'5”[,'6?63&6? 880,200 | 734,052 29,143,507

Clam, ocean quahog : : 4,847,629 1 158,206 16,717,424 | 17,512,360} 20,437,600 : 19,188,980 16,530,140 12,397,360 = 107,789,699

Clam, quahog 1,100,341 | 1,001,077 ; 1.006,675 1098420"’E R R 4,206,513

Clam, softshell 967,629 : 1,148,745 1,419,644 . 1,348,920 :

: O U SO SN S ::43349‘8 :
Clams or bivalves : 72912 | 840,591 49,904 Co02 : ‘ : io4955 : 968,464

Cod, Atlantic 172,199,655 62,453,071 42,273,472 | 36,508,'33:4'527 029,568 21,294,025 23,221,482 22,189,499 20,018,151 | 18,679,722 ;_'1f§,804,|722i 365,671,101

Craby Atlantirock - L 28 e 108792 . lo6994

10 S S S S S
| 2427926 1 S2SLT0 1680665
‘ : 2500

17,401

11,358,571 1 10,522,833
{3,864,464 ; 26, 742 825
739 i 5334

140,407 19,129,729

ot et b B B b el
Crabs U4 568,886 4910837 | 3,822373 1 4479872 1 110,58 | 3,026 : 2340
ot ikt Tl e Rt

Cusk 1615005 1972011 ; 1.569,185 : 1,081,184 503 1 771,600 461,832 ¢ 301,435 © 268,149 178328 140407

Dolphin . 3688 . 3475 4255 1 797 1023 ¢ (4398 3959 4619 38,783

Dory, A e e e R L R 1825 ..................................................... 1 l53 ,,,,,, o 1,244 ..... SERCHEE . e

Ecl, American | 27,791 | 23475 | 35798 | 27693 i

R S B 363
Eel, congcr L7470 43 0 3500 P 2216 ©

1,060 1 261

B s

Finfishes, C391
groundfishes, other !

Flnrshcs pclag](” I N N o o 3 ot T E N :' o A - E AR s R ' B e ;- e RER ~: ------------------------- 34 --------- ‘ ------- 84 ....... ....... l.lg ........
other 5 o 5 : : f i : : ‘ :
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Table 61-5: Commercml Fishery Lcmdmgs in Massachuseﬁs 1990- 2000 {pounds) {cont.)
Species ; : : : : Year : - - - Total
P 1990 1 1991 1992 © 1993 1994 . 4995 . 1996 . 1997 . 1998 . 1999 : 2000 :
Finfishes unc bait | 31,631 | 4938 | 112,574 | 49,993 | 9833 { 8080 ©o28,100 i 245,149
andanimal food'  © i e
Finfishes unc for | 209,142 : 208,339 : 120,362 | 50,249 431,341 131,618 . 39551 @ 11,869 . 8344 6591 . 6265 @ 1,223,671

Finfishesunc 1,569,000 . @ o o C 2745943 120006 ¢ 4334949
generala ; . ‘ o ‘ V H H N N | ! i N T
A I C s S
spawn® A i
Flatfish 111905 0 150,650 167,102 i 112377
Flounder, summer . 628,988 . 1,121,811 | 1,383,283 . 954,463
Flounder, 3,659, 143'} 7,676,566 | 4,275,610 | 3,194,349
windowpane ‘
Flounder, winter 11,129, 732 12,406,600 ; 9,982,728 | 8,657,466

g TR TITTETTR TN

31,096 20207 ¢ 15255 : 12,837 . 1,803 | 1572 . 7980 632,784

1,031,203 . 1,128,120 : 800,729 | 745,171 709,387 | 812,540 . 788,998 | 10,104,693

923,574 | 1,588,687 = 2,017,768 . 980,892 941,919 | 109,406 . 300,339 = 25,668,253

5,694,288 : 6,291,720 : 8.281,798 ° 9,309,941 @ 8,597,510 i 7,430,610 | 8,991,331 . 96,773,724

Flounder, witch 1,548,640 1.728,640 ) 2,454,202 2,092,391 | 1,673,440 T1976,581 | 2,322,016 '2"9'0”1'055‘}:"éi'ﬂli'b'i‘;""
| 3,878,007 | 4.407,382

‘.F‘!S?!%!%dﬁr..ﬁ’.!watl ‘.255_79045 13104026‘,5‘._ _ 696358 7073272 12433647 101756932
15,592,744 £ 20,952,390 | 26,482,563 | 21,273,925 31,744,000 . 27,137, 064,088 27,618,917 | 26,446 684 20,887818 268,179,189

Gooseﬁsh o
Grenadlers

Groupers l s' ' ; R LY S
Haddock 4,890,381 - 3453535 | 4,376,156 | 1,582906 . 566,848 : 727,534 : 997,606 : 2236415 = 4258730 . 4,948,032 .
Hagfisnes . = 7 77T 69386 ;2,372,037 : 3,133,716 : 3415107 1 1261403 | 2,344,004 . 5,602,082 18,997,735
Hake, Atlantic . :i o ©oes0 8 sy 1 7 ‘ ‘

red/whitc i 5 3 : : : C :

Hake, offshore

silver _ : [ ;
Hake, red 1,593,565 | 15573,577 | 1,806,616 | 1,512.7
Hake, silver | 8,780,783 . 8,725,814 ' 7,939,837 : .

:‘P.‘?.'f?..??’_‘.'_'??._:::.:.: _____ 4,649,732 ; 4678307 5,557,614 ¢

Halibut, Atlantic ;12,292 : 21,786 = 10,347
Halibut, Greenland ; :

I
6,871,363 34,909,506

406427 7395904 10930320
14934030 | 56022816

689,398 348853
2797494

334964 ]‘9%6_1'}?25]5‘[:?__
! 2,829,976 : 2,734,106
3,364,624

48230.980 | 53,4046 74,6725

: 1214 -j 58 ] N . |
; 3 : 502 1934 1890 1619 j;;_:ff}{qéf a7 s,
Lohster, American 17,054,434 16,528,168 | 15,823,077 | 14,336,032 ; 16,100,264 15,771,981 © 15,330,377 15,092,014 13,278,726 | 15533953 | 14,613,665 169,462,691
Lumpfish ‘ | 70200 's""ﬁ’fffﬂ o
616681 - 899.069 | 1236166 2,

198 i 4 685

1 31,388,855 614,70

| 47,852,491 - :50 650,281 |

479268

Mackerel, king and
cero 1 : ; U T T T OO RO OO TR - ST OSSO SR UO T O RO UR ORI TON
Mackercl, Spanish 6,585 | 19,698 : : s 0T 132662
Menhaden, Atlantic - 1,361,900 | 6376.300 " 6,606,591 : 1,332,000 ; TTetooo TRso0 T e Copd200 1 16,600,493
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Table 61-5: Commercial Fishery Landings in‘h‘;‘ssacha;é‘#;tm1990‘2000 (pounds) (cont.)
Year
1993 1994 ¢ 1995 1996 . 1997

Species

1991

1998 ¢ 1999 2000

Mussel, blue B

155,241

P60 47416
........ s N i
4,204,038 | 3,376,840 | 3,625,243 | 48,566,572
681,561 © 6,166,881 | 4,838,741 . 3,593,979 | 65,578,240

7898 1 9513 . 10482 . 2479919

742,092 598,780 | 657,981 . 479,518 345604 | 327,306 | 292,706 5,996,604

Perch whlte

Perlwmkles :
Plalce Amencanm U2.184.¢
Pollock
Pout, acean 5 1,634,114 392,221
Redfish or ocean | 698347 | 618,890 | 945,003

4,628,509 | 4884,640 | 4,586,529 | 4,101064 | 4

74174315 | 3,631,827 | 3,079,141 | 4,

116,592 . 82708 | 17498

Scallop, bay 1 254389 10847 Useapai U026 1 a4 ame LT 47446
Scallop, sea 122,734,370 22,015,091 | 19,398,149 | 8,913,285 | 6,537,408 7,706,117 = §,555955 | 7,093,022 | 5,750,901 | 12,270,619 16,174,736 : 137,149,653
Sculpins : 5 4,810 {

, 265 880 s s o A A Lo S0
Scups or porgies . 1,533,459 | 1,219,134 © 1,444,682 : 1,224,625 : 780,550 | 683,943 . 961,997 : 1,491,570 : 959,519 | 661581 | 355403 | 11316463
Scabass,black 435928 244169 | 43,123 | 39459 | 20,800 © 41,525 . 39,646 | 91,005 . 280,696 @ 573.545 | 625902 | 2435798
Seacuéumbcr o o A R o 135 R - 5 : : 135

Sea raven | 2663 1364 1o T J 77777 e 175 - B Nt SRSy Sy

Sea urchins L 0320 ¢ 2869 . 733682 S62,594 172,407 102,772 | 334436 . 407904 283468 | 2600472

Searobins ;2000 ¢ 130 . 74 30 q67 . 32950 3396
268 L 9.9m

Sad Amercn 560 e 4 ass o wue UH0 i
Shﬂd Amen(,un‘ - 5 s : I ‘ . 4 ,,,,,,,,,,,,,,,,,,, : . :

Shdd Amencanme N 7 N - 13 182
Shark, bigeye e L 18
thresher : ; ! : : : :

Shark blgnose

Shark bive ‘ 136 S

D246 ‘
Shark, dogfish 'ii'éo’é'&éd"i‘ii'éiéii'éii'd"‘1':‘3'"355"7"1'3'”"'2’6 830,777 "’i(’)i 115 . 845963 L 806

Shark, longfinmako: 129 ¢ T4736 a9y T o258

Shark, makos
Shark mght

Shark sand tiger

Shark, shortfin U567 T s sRe T 69,9247 97008 87,047
mako ‘ H : T :

119377 ¢ 53,886 51.041 40,208 22,675 654.998
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§ 316(b) Case Studies, Part &: Seabrook and Pilgrim Chapter &1: Backgreund

Table 61-5: Commercial Fishery Landings in Massachusetts, 1990-2000 (pounds) {cont.)

. ; Year
Secles 990 T991 1993 L1993 1994 ioos | 1995 | 1997 1998 | 1999 zeoo . el
Shark, smooth [ 275000 | 4400 | 9700 12,795 1 45 i 6 Po11,245 5 o 313,191

dogfish
Shark, spmy dogﬁsh

S T TN

23 113 049 27 914 222 26 959 238 145,531,623

Shark, thresker  © 13542 : T 090 50T Ee T e 7,462
S s S R T S S i e o o j ..................... ..................... ...................... — .
25793 17,798 . 22,896 | 19,693 47,252 18,747 8885 . 45507 | 337,017
: : S T S T U I S N B
Shellfish . 1,424.444 ¢ 6,265,148 | 1,506,909 : 741,005 & 636657 11443 105620 . © 342817 11,137,034
Shrimp, brown S o 3 T 3 emi7 S S . 7085

Shrimp, marine, | 2,189,979 1 1626,263 1 643,027 | 662,113 | 42014 | 1494147 1294914 | 709278 491,760 | 111876 { 243,323 . 10,308,694

S ..............................................................................................................................................................................................
Skates  :12658,620°
Smelt, rainbow 1,000 : ; | : 5 ; ‘ ; : !

Smails (conchs) 1T T e T odsy U aidaso | dmagat e iengdv isiass T ionisy T iiseees

12,557,364 © 13,058,

;13,488,726 . 14 085,991 6,458,124 19.899.001 | 8,684,294 14177490 1 10,619,501 | 14368941

Spot : : : : : : [ U %
Squid, longfin | 1,414,992 1,959,821 | 681,688 934,101 1,420,698 | 1,135,166 ¢ 1326198 1397935 2,691,001 | 2,661,560 : 17,013,644
Squid, northem  © 83 . 200 24 137 COLIS6 1965665 | 1,007,436 L 15245 2,994,387
shortfin i S S S VO S SRS S .

Squids . 57400 23837 8327 : 42325 . 36883 . 30960 . 113,039 343225 = 39572 : 107433 : 14080 817,090
Swrgeons . 562 1 L0§3 o 14 i 48160 4 R
Swordfish 2,655,634 . IBIL,161 : 1,872,042 | 1,601,422 ' 1412,178 | 1,749,998 . 1,143,634 1078951 = 1264329 : 1,174,772 | 15376,146 _ 17,140,267
Tautog 289,074 354,346 292291 | 160,336 37,399 35298 . 32,579 . 64,275 . 91424 © 75,685 96,001 . 1,528,708
Tilefish | 15531 © 2436 G 6206 | 31844 . 5982 - 1926 . 516 . 821 3,924

Toadfishes | : : Lo : o
Tuna, albacore | 39470 . 12860 © 14203 . 7214 . 31920 30507 . 21337

Tumabigeye | 70058 | 178935 | 129134 | 196863 | 122366 | 288043 | [87354 | 183847 120671 | 7738 | 123
Tuna, bluefin 1,753,140 ; 1335841'§ 1352007';' 1,395,955 | 1,352,480 . 1,270,756 ; 1485666 : 1,747,076 = 1,660,103 i 1,872,165 :
Tuna, fittle tunny K 2419 N 2353 4869 i 6536 1214 )
Ton sk R e T i s 5 R

0 : 21365 22261 . 56786 . 69951 : 58290 . 24.959 .;"20520 025596 . 3,807,590
C 56 1045 1,539 . 3223 . 6317 . 4648 1,905

(5366 6309 0|

..........................................................................................................................................................

527

6,383,121

335,841,904 302,052,566 | 279,288,959 399 425 468 188.476,531 213 997, 116 237,279,246 “2"2'6'§i“5"'3"2'6"i§'7' 438385 198,877,490 187,938,490 2,660,531 405
* Note: “All annua and monthly landing summaries will return only nonconfidential landing statistics. Federal statutes prohibit public disclosure of landings (or other information) that would allow identilication

of the data cantributors and possibly put them at a competitive disadvantage. Most summarized landings are nonconfidential, but whenever confidential landings occur they have been combined with other

landings aind usually tepoited as “finfishes, unce” (unclassified) or “shelfishes, unc.” Total landings by state include confidential data and will be accurate, but landings reported by individua! specics may, in

some instances, be misieading due to data confidentiatity (Personal communication, National Marine Fisheries Service, Fisheries Statistics and Economics Division, Silver Spring, MD, 2002).”
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§ 316(b) Case Studies, Part 6: Seabrook and Pilgrim Chapter 61: Buckground

Tublz 61 6: Revenue from Commercml Landmgs in Ma suchuseﬂs '1990-2000
' Year
Lo 1990 991 i 1992 i 1993 1994 1995 | 199
Alewife . 81976 . $249 $2,244 | $2.268 "
R o B S
R e : |
Bass, striped  : $310,460 : $482,024 5””’5(’3”35"43'0"'}' $5ié,3b $302,000  $676428
Bluefish . §251,555 . $i20,570 | 5139270 | $§23 §221,219 | $146,545
Bonito, Atlantic ©  $2,061 | $2432 | $113
Butlerﬁsh :
Catfishes and
butlheads ; ; ; ; ; ; ; : : ; ;
Clam, arctic surf }"‘5'2;]1'350 - o - o ' ' S . T $271,350
(Stimpson) ¢ ] ] A R ‘ ‘ : ‘ ‘
Clam, Atlantic ©§T8,900 884,125 $208,755 ©  $240,365
Clam, Atlantic - $1,089,042 i $1,362,156 : $1,187,246 : $1,813,213 | 86,106,751 | $5,511,794  '$2,025,273 . §1,312,263 251,188,055'} $653,357 . $581,102 | $22,830,252
surf : : : : : : : : : :

Clam, occan | §$3069232; $57,583 56827627 §7,316,842 © 58,589,407 58048112 $6,904,870 © $5234,810 | $46,048,483

Total

Qpeues ~ ------- 2000

L33

T R
32289730 1 $9447.520

$104,692 $1.897,341

$3

$612,173

............... 55457003
$4,538,252

518,094,822

| | , : e 525260140
CIamsorbnvaiveq; : : . 7 o Cisaaml T ST 5783658
Cod, Atlantic Y$'46'295 857;'$50649672’$35 9968945532 516,426 - $25, 279616 1§20,303,945 $l9880183 $19.111.274 (520,819,477 $20.871,132 $_20‘..6§_1‘,‘4_7_9_;$3l2375955'
Crab, Atlantic | T c ; ‘ AR TET I €7 A e 849,713
rack ; ; ; ; : ; ‘ : : : :

33636698 | $4750815

s

$6,427 35 508 $1,743

.....................................................................................................................................................................................................

Dory, American $822 L 8193 $296 $739
john o i ;
Eel, American | $35,66
Eel, conger
Escolr
R
groundfishes,
other

87, 585
81,30
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G1: Background

Table 61-6: ,REYE['HS from CoVTTerrcial Landin_g__s'_i_g Mnssuchuse?ts 1990-2600 ﬁ(conf,)

. : Year 3
Species : - ; ’ . i . . . :
p 1990 19491 ;1992 L1993 : 1994 ; 1995 1996 ; 1997 | 1998 oo 1999 29@77_1:"“‘11 o
Finfishes, pelagic, _j 3 ; ; : : : $101 : 5223 : 5324

1,381 © $7202 837358

TETI6 L TSsea TG gy T e e

and ammal food ‘ ; ; : : : : : :

Finfishesunc for © $123477 © §167.516 ; $87380  $4343] | $238329 . $85.564 20260 7251 1 $3.870 183,237 83903 $793218
food : : : ; :

Finfishes unc . $182,876 e 7'$755.200 } 1825131 . §963,216
general : : ; : L ; : e [T
g L g e s R S g b } i
spawn. i § ‘ ‘ : ‘ S e,
Flafish . 8112108 © 132066 | S1S4807 5106080 | 533,229 $24,109 ' """""""""""""""""""""" CUs1s17 L 58,145 $606,598
Flounder, summer ; $i408,670 ; §1,727449 55“05‘2'4'2"2”" 2,064,498 | $1, 665&66”&2”50'2‘3'2"1‘ . $1,701.550 $:533 127 $l386 608 | $I.635506 : §1443860 = $19,343.271
Flounder, ; $1.478.214 5 $4 205901 | $2,818, 513 0 $2,188440 - $547,793 . $995484 . §857,876 $309.977 ; $365,004 $34,5 963 ¢ $91173 1 $14,093339

windowpane
Flounder wmler

513,343,566 | $14.986,080 312,101,594 §12,076,208 . $8,637.768 59404437_» §11,765, 726 §12,555,518 "$11696023 §9,672,315 | $8898326  $125,137,561

Flounder, witch  : $2,714,961 : 52,580,414 } $2.789042 53 853,068 83862469 84,209,763  $3,583477 ] $3,256,831 i $3,414,595 . $3821671 = $36,955717
Flounder, | $23,039,450 | $13.953,565 $ll960089 59061035 | $")‘§éi§'i'0'|‘"f"‘$‘5' 3%3‘5’4’3‘.6”“"526321"1"0'1";'1"';"'55'6623'60 '$9,051,857 | $8,496,328  §12,510,009 $114,936,236
yellowtail : : : ‘ : : L
Goosefish | $7,585,652 | $9,698,380 : 8233544 $9.SQU,666 S14411,107 520,049,943 $15 863,372 15,377,104 - $15 842,804 821871872 §24,120969  $162,854413
Grenadios s sw
Groupers : : : L sa40 L ) : S | $476
Haddock | $5,353,690 . $3,837,254 5:“4;7??.?:‘?,3,, $2,157,251  $798,583 | $990.612  S1,178641 = $2455,042 i $5,411, 740 $6,517,286 - $8908612  $42,320054
Hagfishes T sa34p39 | S6TLTI3 | SB6SASO | sed4s28 18336704 | SeETSIl | $1471539 | 5084213
Hake, Atlantic | o o 3 Csaed T ss sz : ; 5499
red/white ; ; L e U RS SO : S S
Hake, offshore . . T ; L840 $i1422 $11,462
silver : : ; I : : : : T S S

Ilal\c,red . $323401 . $350,571  $291,786 | $346,453 . §79,502 © SIB7,634 | $145136 : S9R683 : S134,134 | S9RIB3 | 52,358,296
”””  $2,626274 52,680,547 . 51,804,195 | $1.624,163 | 1025444 | $935348 © $1,141722 @ $1,419.237 . $2640,780 | $2,173,212 . $20.331418

Hake whne

Hahbut Atlantl

$2,176,6 670

$2 367 588 - $1,

Hahbut

Greenland : :
Herring, Atlantic : $2,771,700 :
ngwhmng St AR S
Leather-jackets

Lumpfish

5_80999 : 866,770,985
oosm L

5257002
51

821279873
sisde
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter 61: Background

Tnble 61-6: Revenue from Commercial Lnndmgs in Massachusetts, 1990-2000 (cont.)
o Year
1990 ;1991 1992 i 1993 i 1994 i 1995 i 1996 i 1997 . 1998 | 1999  : _ 2000

_______________________________ $222,187 | »$92657 5144917 $112,106 : $247,114 . $180,075 . $176,680  §5I18,832 | $722356 ' §338,114 : $183579 : 52938617

Mackerdl King 517 Seos RN T : ..... $61 ...... i ...... R et e TR B BRI i
and cero ; : : : ? : :

Taotal

Mackerel, Spanish:  §5.268 ©  $9.852 5307 . $4 . §2,55%8 o §84

B2 0
$36,168 | $685738

Menhaden, 357,086 . $270055 263749 ss3065 i samas U sigo Y
Atlantic : ; f ! H ; ;

................. SRR VRNV

$4,747 507
sS4
1,232

$1,452,792

$68.882

9.?.'99'%5. .
Opah P
Oyster, castern | $316,252 © $287,930 | $570302 @ $278,306

Perch, white i. $4‘978_“L‘.$?7ﬁ8 _____ STT0 o sanay G ﬁiﬁijj;ig;h$i+{L_;Kﬁ“$z%sougE”;N§4§4§§Qﬁ;jf] ,,,,,,,
Pcnwmk!es ‘
Plalce Amencan

Pollock

35,429,330 $6 404,579 3 $5, 881 754 5
i $3,230,555 $37145 426 $2 062,066 ?

ss, '7'37178”5”” f
§2,586,517

$6,629,740 :
$3,735,907

| $3981.730 | 56429615 |
| $5354,688 . $4,616,044 :

$2 207,701
. $6,740,597

842009303

Poutocean . S186530 | §I8SBA | §24307 . SISdg6 | SILAT8 $5352 | S4068 L S2041 [ S228 2993 5293057
Redfish or ocean $367,691 | $286,192 | $392914 | $343002 : §$359,127 $399605 | $310,026 ~ S$188,501 | $200,246 | $170,930 §136,736 $3,154,972

pereh (SRS SN R A S ST SR S SOOI SOOI SRS
Scailop, bay | $1,682,509 $1 362,864 | $4,056005 @ §1451,532 ¢ & $I80 - $2145 $8,555,235
Scallop, sea 590970303 $93,233,723 ° §96,371,352 | §54,617,754 | $35,709,795 : ; 340,748,009 | 549,734,289 © $47,124,160 $3603728 §70,334,650 : $85293,917 : §700,265237
Sculpins - CUgsa y $106 i 52 $49 : : i 88o8

'$773.811 | $447,650 . $11.615.234

L §1,041,525 | $707,719 3959469 | $1,388,842 f 52,013,431 §1,609,017 ©
$961,186 . $9689R9 :  §4,475143

S9R976 | $56460 : $104,467 } $94,190 5216288 634,079
5 s L

SS{?P?PPPPT.&'S.S,.E_.$_1__«00_3a_5.‘_1 | 8745008 $83525]

Seabass.black | $714494 © $517,230 . $108575
Sea cuc,umber : ; :

$27

Seamven 8% 836 M e s s
Seaurchms . Sl4a4 $135,809 877,306 | S$279,756 . $356,149 @ $292,643 | $1,830,308
$26,280

Shad American
buck
Sllad " American

Shark, bigeye
thresher

Shark dogﬁsh
Shark, longﬁn

Shark, makos
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§ 316(b) Case Studies, Part &: Seabrook and Pilgrim ) Chapter &1: Background

Table 61-6: Revenue from Commercial Landings in Massachusetts, 1990-2000 (cont.)
3 Yelll' o T

1990 1991 ;1992 {1993 | 1994 . 1995 | 1996 . 1997 . 1998 {1999 i 2000
: ‘ ’ . sns <k : :

Species

Shark  night : ; ;
R B
Shark, porbeagle . $16411 :  $12,783
Shark, sand tiger ‘ | | | ; | f

Shz:(rk shortfin  © $35,086 © $52,086  $63977 | §87.033 | 61288 S04604 | S49.440 | 845473 $33740 Tsdogdd U $a3399 T sserazo”
mako : : : : i : ‘ : : : : :

Shark,smooth  $22000 US40 Usiger L i samae o dee s TTsner U U g
Shark, spiny j : ‘ g . $3,375,624 ¢ $5299,126 | 4934313 $3.118.850 | $4297312 | $2316803 © $1335411 . $24.677.439
dogfish . 1 : : : : :

Shark, thresher 8% ST sees | UUsa9 U SESTsle s s 0
Shark, tiger SR SR e 5 e 393
Sharks | 866663 | SIBASE | 319473 5 SIOT L SULHE L SISS6 | sldde | SBAE SRGT | sses o siasiy
Sheepsheadwm _____________ o ; ’ ] 7: : . 350
Shelifish = $1,027,502 ‘$z’ 955,217 | 52,078,790 © $£,293,713 | §303,402

$1 : : : :
S2007 T SITia L UsAN U s3aas o osasi4 0 s2a39 0 USEEATT SRS

$225

$70872
$| 095

................................. 968,649

Shnmp, brown _ : 31

Shrimp, marine, | §1352,270 | $1343,639 | $554218 | $575269 | $571.701 $10922335 5917437 $§76.08 | $380,712 | 865,984 . $168,653 | §7,598,184

mher : :
g e i
© $1,496,587 \52494605 31829753 | §2359267 . $24,271.659
........... Nt S R
. $302393 . $380212  $381.402 . $431736 . $2.286,248

Sll\’cl’SldeS - o ' o T S S S N
Skates . | $1,253,043 : $! 119667 . §$1,611,536 $2,058,800 $4,239,421 $1,422,682 :
i ; : : : 584‘ :

Smelt rambnw
Snalls (LOI‘IChS)

Spot : : : SIS :
Squid, longfin | $562,922 | $1,012,051 | s463675 © $815,004 | 649976 | $889,908
Squid, northern §  $27 i $36  : S1%2 | $348 | §535 i SI17
shortfin ; : : : : :

Sqund-; o

Sturgcons

358,700
006012 . $1,292914 : $2,120212 | 1,610,534 | $11,300,797
$544 ' Ss58293 1 $308.847 | 56,004 | §874,943

""""""""""" $358,350 : $37903 | $70,776 ""'57',&'5'6""""‘""ééééé'l’b"""
3203 1310706 L 37450 2078

$45,567,215

$1,146,414

L S81S

519094 519680 . $22918

§524 ‘5645 . :
Sword-fish | §7,724,561 : $5213,806 : $5,106971 | $4.369,054 : $4.174,420
Tauog 0 $123,843 7 $149204  ST13930  SI18782 : $30,285
Tilefish : GOsTOI7 L s27.182 1 $9.367
Toadﬁshes ‘ '
Tuna albacore

§2705,730 3,435,687
$141,239 5166163

$8,581 3286

782,307,345 152,389,189

54,621,991 7
$96,250

$3(l 4]1

$39173
$152,275

$2844 86937 1 $1447m2
$196,521 . 5402347 | $4,159247
i?"’f'i‘fi"f"i 11,781,784 . §15,986,813 : $136,848,047
$957 :  S1,679 . S238 . $22.,508
St SR S rr ol
$48,559 | 343366 . 868307 . §1453.277
$3271 1 $6762 i $71073

813,717
$298,085

811,706
8375, 764

$5,195 _____$19036 . S18,188
T$522.550 ¢ $345.593 | $566.426

L§13,172,177
8318

53, 752
[ 878400
$432,208 | S219.193
Csas4

su7o

$1342 & §1036 $1352‘1
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§ 316(b) Case Studies, Part 5: Seabrook and Pilgrim Chapter 61: Background

Table 61-6: Revenue fr'om Cornrner‘cual Lnndmgs in Massachusetts, 1990-2000 (cont. )

Year
Specles I igee T wes1 L aesz 1993 L 1994 | 1995 1996 1997 . 1998 199 . 2amm Total
Wolffish, Atlantic - .52?.‘.],7..377‘.‘,.,‘,?,_..?2.4.5.9%1,.,5,,...3:*7-.,'_3.2.35,..E,,..??.?—f’.??r,' _____ . 5266351 - $277000 | $226460 | $189.008 | $233373 | $165885 : $129913 . 52381210
Total  5306,288,166 $302,268.503 |$291,782,863 $238,744,1 12 '$206,482,688 | $220,220,427 $232,152,132 §225,036,618 5206,089,767 5260504, 185 - $288.366,950 52777845413

* Note: “All annual and monthly landing summaries will return only nonconfidential landing statistics. Federal statutes prohibit public disclosure of landings (or other information) that
wauld allow identification of the data contributors and possibly put them at a competitive disadvantage. Most summarized landings are nonconfidential, but whenever confidential landings
occur they have been combined with other landings and usually reported as “finfishes, une” (unclassified) or “shellfishes, unc.” Total landings by state include confidential data and will
be accurate, but landings reported by individual species may, in some instances, be misleading due to data confidentiality (Personal communication, National Marine Fisheries Service,
Fisheries Statistics and Economics Division, Silver Spring, MD, 2002).”
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter 61: Background

G61-3.3 Recreational Acﬁviﬂes

a. Recreational fishing _

Striped bass (Morone saxatilis), summer flounder (Paralichthys detaus), Atlantic cod, scup {Stenotomus chrysops), and
bluefish had the greatest number of recreational landings in New England between 1990 and 1998. Information from the
Marine Recreational Fisheries Statistics Survey (MRFSS) (NMFS, 2001b), a long-term monitoring program that provides
estimates of effort, participation, and finfish catch by recreational fishermen, indicates that 644 marine fishing sites are
located near the three main New England power plants, which are the Seabrook and Pilgrim facilities and the Brayton Point
station in Massachusetts, located on Mount Hope Bay, an upper embayment of Narragansett Bay (Figure G1-2).

EPA used data from both the MRFSS intercept and telephone interviews to evaluate fishing activities in the vicinity of the
Seabrook, Pilgrim, and Brayton Point facilities. MRFSS intercept interviews were conducted at a subset of all NMFS sites.
Approximately 70 percent of all sites near each plant were included in the survey. A total of 17,397 intercept surveys were
completed at the fishing sites located in the 50-mile radius from the three plants, along with 14,936 telephone surveys.

Table G1-7 presents the number of NMFS sites within 50 miles of each of the three facilities, MRFSS intercept sites, and the
number of surveys included in this analysis.

Table 61-7: Intercept Interview Statistics for Sites within 50 Miles of the
Three Major New England Power Plants

Brayton Point | Pilgrim Seabrook Total®
NMF sites 410 415 f 213 644
P s ey R T g
Number of intercept interviews ¢ 9,524 T 4923 8436 28260
Namber sFieloshons imeraioas gy e s S g

* The total number of sites is less than the sum from each power plant because some sites are within 50 miles of both the Pilgrim and
Brayton Point plants.

Both the Brayton Point and Pilgrim power plants are near highly populated areas, Boston and Providence. Because the
majority of recreational fishermen (83 percent) take single day trips and prefer to visit fishing sites closer to their hometown,
both the number of fishing sites and the number of fishing trips to these sites are higher near Brayton Point and Pilgrim
compared to the Seabrook plant.

MRFSS data indicate that roughly 30 percent of fishermen near the New England facilities target small game species,
including striped bass, Atlantic mackerel, and blue fish. Roughly 9 percent of recreational fishermen specifically targeted
striped bass and an additional 5 percent specifically targeted either bluefish or Atlantic mackerel. Nearly twice as many
fishermen target small game than the next most popular species group, bottom fish (e.g., Atlantic cod and scup). Nine
percent of recreational fishermen target flounders and other flatfish and three percent target Atlantic cod. Less than 1 percent
specifically targets scup.

Between 35 and 40 percent of fishermen do not target any species. Over half of “no target” fishermen fish from the shore and
tend to catch “whatever bites.” They ofien catch small game species because a number of these species have aggressive
behavior and are easy to catch from shore. The percentage of fishermen targeting big game species (e.g., shark, swordfish,
tarpon) ranges from 10 percent at sites near the Brayton Point plant to less than 5 percent at sites affected by either Seabrook
or Pilgrim.
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Figure G1-2: NMFS Recreational Fishing Sites and Power Plants
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b. Tourism and other recreational activity

The Hampton/Seabrook estuary is the most popular recreational softshell clam harvesting area in New Hampshire (New
Hampshire Estuaries Project, 2002). The sandy beaches of the area are a popular tourist destination, and are heavily used.
Because of overuse and human development, the dunes in the Hampton/Seabrook estuary have been drastically reduced, and
restoration of sand and dunegrass has recently begun (New Hampshire Estuaries Project, 2002).

Nonfishing related boalting activity in the area around Seabrook is primarily recreational, and includes sailing, water skiing,
wind surfing, rowing, kayaking, and canoeing. Just over 90% of the boats registered for “fresh and tidal water” were in the

“private/rental” class (New Hampshire Estuaries Project, 2002).

Many historical sites attract tourists to Massachusetts bays from around the world, including the area near the Pilgrim facility.
Plymouth County is one of the leading counties in Massachusetts in terms of tourism revenue.
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Chapter G2:

Technical and Economic Descriptions
of the Seabrook and Pilgrim Facilities

G2-1 OPERATIONAL PROFILE

CHAPTER CONTENTS

a. Seabrook
The Seabrook power plant operates one {,240 MW Ga-1 Operational Profile

nuclear unit. The unit began operation in July of 1990 and G2-2 CWIS Configuration and Water Withdrawal
uses cooling water withdrawn from the Atlantic ocean. i
Seabrook’s total net generation in 1999 was 8.7 million
MWh; its capacity utilization was 79.9 percent. Table G2-1
presents generator details for the Seabrook power plant.

Table 62-1: Generator Detail of the Seabrook Plant (1999)

E N B . : o © Net . IDof
Ge“:l;amr C(a&::;l)ty { l\l‘)l:\'/ne:' : ;:::cge):’ ln-ls)zl;:u:e ©  Operating Status | Generation : U(t:i‘}'il;: i;g], i Associated

: : : -; : (MWh) . CWIS
PPOI P 1,240 0 NP i UR 1 Jul.1990 Operating | R681,836 1 79.9% CwW
Total P1,240 E f o 8,681,836 1 79.9%

* Prime mover categories: NP = nuclear.

® Energy source categories: UR = uranium.

¢ Capacity utilization was calculated by dividing the unit’s actual net generation by the potential generation if the unit ran at full capacity
all the time (i.e., capacity * 24 hours * 365 days).

Source: U.S. Department of Energy, 2001a, 2001b.
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Figure G2-1 below presents Seabrook’s electricity generation history between 1990 and 2000.

Figure G2-1: Seabrook Net Electricity Generation 1990 - 2000 (in MWh)
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Source; U.S, Department of Energy, 2001d.

b. Pilgrim

1995
Year

2000

The Pilgrim power plani operates one 670 MW nuclear unit. The unit began operation in December of 1972 and uses cooling
water withdrawn from Cape Cod Bay. Pilgrim’s total net generation in 1999 was 4.5 million MWh. Its capacity utilization
was 76.2 percent. The plant was sold to Entergy Nuclear, a nonutility, in July of 1999, Table G2-2 presents generator details

for the Pilgrim power plant.

Table 62-2: Pilgrim Generator Characteristics (1999)

Generator Capacity Prime Energy In-Service Operating Net . : Capacity D 0 f
1D LMW M - A Status® Generation | Utilization® | Associated
. : ( ) over* : ource atus (MWh) ; ilization § CWIS
1 : 670 . NB UR Dec. 1972 SD - Jul. 1999 4473327 762% 27
Total 670 : 4473327 | 762%

* Prime mover categories; NB = nuclear.
* Energy source categories: UR = uranium.
¢ Operating Status: SD = sold to nonutility

 Capacity urilization was calculated by dividing the unit’s actual net generation by the potential peneration if the unit ran at full capacity

all the time (i.e., capacity * 24 hours * 365 days).
Source: U.S. Department of Energy, 2001a, 2001b.
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Figure G2-2 below presents Pilgrim’s electricity generation history between 1972 and 2000.

Figure (G2-2: Pilgrim Net Electricity Generation 1972 - 2000 (in MWh)
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Source: U.S. Department of Energy, 20014,

G2-2 CWIS CONFIGURATION AND WATER WITHDRAWAL

a. Seabrook
The Seabrook Power Station has an intake structure that is located 7,000 feet offshore in the Atlantic Ocean. The intake

structure includes a velocity cap and screens. The facility’s 1993 NPDES permit limited the approach velocity to 1.0
feet/second. Intake water flows through a 19-foot diameter tunnel to the plant. The design intake capacity is 918 cfs (593
mgd), which is also the approximate daily inlake flow.

b. Pilgrim

The Pilgrim Power Station has two shoreline intakes that draw water from Cape Cod Bay. Intake water is obtained from an
embayment, which is separated by two large breakwaters from the open waters of the Bay. The intake structures consist of a
skimmer wall, vertical bar racks, and vertical conventional traveling screens. The average approach velocity is 1 foot per
second. The screens are periodically rotated based on pressure differential as well as continuously at temperatures less than
30 degrees F to prevent freezing. The intake structure has a dual spray wash system with an initial low pressure wash to
remove light fouling and organisms and a high pressure spray to remove debris. The design intake capacity is 693 cfs (448
mgd), which is also the approximate daily intake flow.
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Chapter G3:
Evaluation of I&E Data

EPA evaluated 1&E impacts to aquatic organisms resulting =
from the CWIS of the Seabrook and Pilgrim facilities CHAPTER CONTENTS

using the assessment methods outlined in Chapter A2 of :
Part A of this document. Section G3-1 of this chapter lists G3-1  Aquatic Species Vulnerable to 1&E at the Seabrook

fish species that are impinged and entrained at Seabrook and Pilgrim Facilities .................. ...t G3-1
and Pilgrim and Section G3-2 presents life histories of the G3-2  Life Histories of Most Abundant Species in
most abundant species in the facilities’ I&E collections. Seabrook and Pilgrim I&E Collections .......... G3-3
Section G3-3 outlines Seabrook’s I&E collection methods G3-3 Scabrooks Methods for Estimating Impingement
. X . and Entrainment ......... ... ... 0 0cennn G3-13
and Sec-tlor? (34 presents rCSl'lllS of EPA’s analysis of _ G3-3.1 Seabrook [mpingement and Entrainment
annual impingement and entrainment at Seabrook. Section MORMOTING -+ - - v v vvveeeneeeeeanns G3-13
G3-5 outlines Pilgrim’s 1&E collection methods and G3-3.2  Seabrook Entrainment Monitoring . . . .. G3-13
Section G3-6 presents annual impingement and G3-4  Seabrook’s Annual Impingement and Entrainment G3-14
entrainment results for Pilgrim. Section G3-7 summarizes G3-5  Pilgrim’s Methods for Estimating Impingement
and compares [&E results for the two facilities and Section and Entrainment . ... ETREE G3-14
G3-8 discusses some potential biases and uncertainties in G3-5.1 Pitgnm Impingement and Entrainment
1&E results. Momtoring ....................... G3-14
G3-5.2  Pilgrim Entrainment Monitoting . ..... G3-14
G3-6 Pilgrim’s Annual impingement and Entrainment . . G3-14
63-1 AQUATIC SPECIES VULNERABLE G3-7  Summary and Comparison of I&E at Seabrook
and Pilgrim ... oo e ... G3-51
TO I&E AT THE SEABROOK AND PILGRIM G3-8 Potentiat Biases and Uncertainties in I&E
F ACILITIES _ Estirfla;cs ................................ G3-51

EPA evaluated aquatic species impinged and entrained by

the Seabrook and Pilgrim facilities, including commercial, recreational, and forage species, based on information provided in
facility I&E monitoring reports. Approximately 84 different species of fish have been identified in I&E collections at
Seabrook since monitoring began in 1990, and at ieast 58 (69%) of these are valued commercially or recreationatly
(Normandeau Associates, 1991, 1993, 1994a, 1994b, 1995, 1996a, 1996b, 1997, 1999). At the Pilgrim facility,
approximately 68 species have been identified in I&E collections since 1974, and 26 (38%) of these have commercial or
recreational value (Boston Edison Company, 1991-1994, 1995a, 1995b, 1996-1999, Stone & Webster Engineering
Corporation, 1977). Table G3-1 lists species identified in Seabrook and Pilgrim I&E collections. Species with impingement
or entrainment losses above one percent of total impingement or entrainment losses respectively were evaluated. Species with
similar life histories were evaluated together.

Table 63-1: Aquatic Species Vulnerable to I&E at the Seabrock and Pilgrim Facilities

Common Name : Scientific Name - Seabrook : Pilgrim ! Commercial | Recreational ' Forage
Alewife :Alosa pseudoharengus A . X
Alhgatorﬁsh I '”:‘-A_spidophap"b-:k-]é‘s--ﬁ}onopiéfvgluj ”: '''''' s J X
American s ' Angw!laiostrata fitetbelis s ........ L s e S R
Amencan]obstcr e T T R g
PRt plalce W”“wiHJppogiossma'ecp[alesso;des e [P ST ST PO
.Amencan sand lance T .."'_Ammodv!ea americanus
‘American shad T T Alosa Japzdzsszma
Atlnticcod " Gadusmorkua ./ VXX
A hcrrmg ________________________ E-Clbpaa ha}-éﬁgus __________________________________________________________________________
Atlantic mackerel mgScombe: scombrus v
Atlantic menhaden ‘Brevoortia tyrannus e
Atlamlc moonfish _- 'Selene setapinnis 2 v X
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_Table 63-1: Aqua'hc Species Vulnerable to I&E at the Seabrook and Pilgrim Fucrlmes (cont. )

Common Namg 5 Scientific Name Seabrook ;Pllgrlm Commerczal Recreational : Forage
Atlantic seasnail : : :
A:lannc silverside

) szaus atlanticus

Black sea bass

Blackspotted stickleback ‘ Gasterosieus wheatlandi
:Mpytilus edulis
:A,’osa aeszwalzs

éPomammm su[tatot .

~

N

Clcamose skate
Conger cel

‘Raja eglaniena 7
 Conger oceanicus_ '

NN

ANENEN

Hemng speeies
Hggchoker

Killifish species
Lefteye flounder

ANEN

Litleskate Leucorajaerinacea /X
Longhomn sculpin :Myoxocephalus v P

:octodecemspinosus

e e e e e e e b e b e el e has e e s e ke e e e I PRI

Lumpfish : Cyclopterus lumpus v v X
Moustache sculpin glops murrayi Y.
Mummichog i Fundulus heteroclitus v

he!emclt tus

ANEN

Northemn searobm

Ocean pout

<l

“Zoarces amencanus

P N SO A S

Ouange filefish  dluterusschoepfi
Oyster roadfish

.................................................................................................................................................

AN

Pearlside : v
PO]lOCk .'E' ‘“.-/l B - / - e sesshesssssssmist st sutstasndeasasaravenrn st
B shanny ............................................................................... T e

Rainbow smelt _ v
Red hake o EUro;thcis chuss a
Redfish (Red drum) T Sciaenops ocellatus v B
Righteye flounders ) EPIeuronectldae v

AN

Round scad ?Decapferus puncmtub
Sand [ance qpecnes fAmmodwe spp.

Sand tiger ‘Carcharias taurus
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Table 63-1: Aqua'hc Specnes Vuinerable to I&E at the Seabrook and Pilgrim Fucrlmes {cont. )

Common Name Scientific Name Seabrook Pllgrlm Commercial | Recreational : Forage
Sculpin specics ‘Cottidac B Vo '
Swp " Stenotomus chrysops s
Sealamprcy . Pefromyzonmarinus . o
Sea raven ,Hemttrtpteru.s americanus : v

..................................................... T T P PN

Searobin species

ASAN

Silver-rag

_jArzomma bondi
Skatc spcmes

‘Rajidac
:Ezropus mlcrosmmus

Smooth dogﬁsh Musreius canis
“Smooth Nounder :

Snailfish specics
Spmy dogﬁsh

;Morone saxatilis
:Ophidion margmarum

R AP

~

Urophycis tenuis
White perch """"""""""""""" " .Morone americana
Windowpane ~ :Scophrhalmus aquosus
Winter flou 1o: _DCUPRIRGIMUS AqUOSUs

Y SENENENENEN

anthades maculatus

Yellowtail flounder Lxmandaferrugmea ‘ ' / R X

Sources: Saila et al., 1997; Stone & Webster Engineering Corporation, 1977; Normandeau Associates 1991, 1993-1995, 1996a,
1996b, 1997; Boston Edison Company, 1991-1994, 1995a, 19956, 1996-1999.

AN

63-2 LIFE HISTORIES OF MOST ABUNDANT SPECIES IN SEABROOK AND PILGRIM I&E
COLLECTIONS

Atlantic cod (Gadus morhua)

Atlantic cod is a member of the Gadidae family, which includes cods and haddocks. The species is found from Greenland
south to Cape Hatteras, North Carolina (Fahay et al., 1999). Atlantic cod is an extremely important commercial and
recreational fish in the United States and Canada. The northern cod stock declined by almost two orders of magnitude
between 1962 and 1992. The collapse of the fishery was due to excessive pressure from fishing (Hutchings, 1996). The 1987
year class was the largest in the period from 1982 to 1998; however, recruitment remains poor and year classes through the
1990s were weak (NOAA, 2001¢). Currently the United States and Canadian Atlantic cod fisheries are managed through
techniques such as closures, minimum size limits, days-at-sea restrictions, and quotas.

In U.S. waters, cod are evaluated and managed as two stocks, (1) the Gulf of Maine, and (2) Georges Bank and south

(NEFSC, 2000b). Commercial and recreational fishing occurs throughout the year, but most recreational fishing occurs in
late summer in the lower Gulf of Maine. 'Both commercial and recreational fishing are managed under the New England
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Fishery Management Council’s Northeast Multispecies Management Plan. The goal of the plan is to reduce fishing mortality
to levels which will allow stocks to rebuild.

Spawning begins in northern areas as early as February and ends in southemn areas as late as December (Scott and Scott,
1688). Cod spawn repeatedly for up to 50 days once a year (Kjesbu. 1989). Annual fecundity increases with age and size
(May, 1967), with large females producing between 3 to 9 million eggs {Fahay et at., 1999). Spawning occurs at various
depths, from less than 110 m (360 ft) to more than 182 m (597 ft), depending on water temperature (Scott and Scott, 1988).
Eggs are distributed throughout the water column, although their buoyancy tends to concentrate them in a cold intermediate
layer if the water is stratified (Ouellet, [997). Egg development in cooler waters (0 “C or 32 °F) usually extends for 40 days
{Scott and Scott, 1988; Quellet, 1997).

The pelagic larvae move to the bottorn during the day and rise at night (Lough and Potter, 1993; Gotceitas et al., 1997). Age
0 and age 1 cod are both found in nearshore environments, preferably over sandy substrates (Fraser et al., 1996), and young
cod often seek cover in eelgrass (Zostera marina) (Gotceitas et al., 1997). Juveniles 40 mm (0.16 in.) or larger are demersal
by day, but will frequently rise up to 5 m (16 ft) off the bottom at night (Lough and Potter, 1993).

Atlantic cod eat a variety of foods throughout their lifetime (Scott and Scott, 1988). Fry eat copepods, amphipods, larvae, and
small crustaceans; juveniles eat larger crustaceans; and adults over 50 cm (19 in.) eat fish, including smaller cod, as well as
invertebrates, Age 0 cod primarily feed during the day, while age 1 cod generally feed at night (Grant and Brown, 1998).

Adult Atlantic cod live in diverse habitats ranging from inshore waters to the outer continental shelf, and from depths of 457
m (1,500 ft) to surface waters. They generally prefer cooler water temperatures ranging from -0.5 to 10 “C (31 to 50 °F; Scott
- and Scott, 1988). Off the New England coast, Atlantic cod migrate seasonally, moving into coastal waters in the fall and
returning to deeper waters during spring (Fahay et al., 1999). Adults reach sexual maturity at ages 2 to 4 (NOAA, 2001c).
Cod can reach a total length of 200 cm (78 in.), a maximum weight of 96 kg (212 1b), and 2 maximum age of 25 (Froese and
Pauly, 2001).
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Food source: Larvae and juveniles consume copepods,
amphipods, larvae, and crustaceans. Adults feed on fish,
“including smaller cod, as well as invertebrates.” Age 0 cod feed
" during the day, Age 1 cod feed primarily at night.

: Prey for: Larger cod, squid, pollock, and seals.

ATLANTIC COD :
(Gadus morhua) : Life stage information:

Family: Gadidae (cods and haddocks). Eggs: pelagic

e Distributed throughout the water column.®

Common names: Atlantic cod. : .

¢ Larvae: pelagic

' Move 'to the bottom during the day and rise at night.”
Found in nearshore environments, preferably over sandy
substrates or in eelgrass.®”

Similar species: Greenland cod (G. ogac), Pacific cod
(G. macrocephalus).
Geographic range: Can be found from Greenland

south to Cape Hatteras, North Carolina.’ . Juveniles: demersal

. Larger juveniles are mainly demersal, but will rise up to

: f
Habitat: Diverse habitats ranging from inshore waters 3 m (16 ft) off the bottom at night.

to the outer continental shelf, and from depths of 457 m

o Adults:
face waters.” : . . . .
(1,500 f1) to surface waters i» Adult Atlantic cod in the Gulf of Maine migrate

northward in fall, traveling up to 500 km (310 miles) to
overwinter off of eastern Canada.’

. s in S rs in the f; nd return to deeper
Fecundity: Large females may produce between3to 9 Move i lo-coa la! waate s in the fall, and re to deep
; waters during spring.

Lifespan: Maximum reported age is 25 years.”

* Fahay et al., 1999.

" Scott and Scott, 1988.

° Froese and Pauly, 2001.

9 Grant and Brown, 1998.

° Quellet, 1997.

f Lough and Potter, 1993

¢ Fraser et al., 1996.

" Gotceitas ct al., 1997,

' Campana et al., 1999.

Fish graphic from NOAA, 2002e.

Atlantic herring (Clupea harengus)

Atlantic herring is a member of the Clupeidae family, which includes herring, sardines, and shads. It ranges from
southwestern Greenland and Labrador to South Carolina (Scott and Scott, 1988). Herring fisheries developed in the late
1800’s, concurrent with the development of canning technology. Herring were also used as bait for the lobster industry,
which developed at about the same time. Annual landings were as high as 68 million kg (150 million Ib) in the late 1800’s
(Atlantic States Marine Fisheries Commission, 2001a). Particularly aggressive foreign fisheries developed in the 1960°s on
Georges Bank, with landings peaking at 363 million kg (800 million Ib) in 1968. This overfishing contributed to a crash of
the Atlantic herring population. Current annual harvests are in the range of 36 to 45 million kg (80 to 100 million Ib)
(Atlantic States Marine Fisheries Commission, 2001a}. Primary uses of Atlantic herring are as canned sardines, steaks, and
bait for crab, lobster, and tuna fisheries (Atlantic States Marine Fisheries Commission, 2001a).

Atlantic herring along the northeastern Atlantic coast were previously managed as two stocks, the Gulf of Maine stock and the
Georges Bank stock. However, herring from the two stocks are now considered together as a single coastal stock complex for
current management purposes (NEFSC, 2000c). The offshore fishery collapsed in 1977, and subsequently the commercial
fishery focused on the near shore waters of the Gulf of Maine. Stock biomass has increased substantially in recent years
because of increased spawning and low fishing mortality. Recreational landings in recent years have been inconsequential,
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Spawning occurs throughout the year, peaking in shallow waters in the spring and deeper waters in the fall (Scott and Scoll,
1988). Spawning in waters of coastal Massachusetts takes place usually in October or November at depths ranging from 4 to
110 m (13 to 360 f1) (Kelly and Moring, 1986). Adults may travel long distances to return to spawning grounds, which
consist of rock, gravel, or sandy substrates (Kelly and Moming, 1986). Fecundity increases with age and size, with femnales
producing between 23,000 and 261,000 eggs (Messieh, 1976). Atlantic herring eggs are demersal, stick to the bottom in
clumps or layers, and often cover the substrate {Atlantic States Marine Fisheries Commission, 2001a). Eggs are generally 1.0
to 1.4 mm {0.04 to 0.06 in.) in diameter and hatch after 10 to 30 days, depending on temperature. Larvae are 4 to 10 mm (less
than 0.4 in.) in total length (Able and Fahay, 1998).

Larvae disperse to estuaries after hatching, and grow to approximately 30 mm (1.2 in.) long before transforming into juveniles
(Able and Fahay, 1998). Transformation occurs after about 152 days al water temperatures of 7 to 12 "C (44 to 54 °F)
(Doyle, 1977), but can last as long as 240 days for late-spawned (December) herring (Reid et al., 1999). Larvae hatched
carlier in the season tend to grow faster than those hatched later (Jones, 1985). These juveniles, calted “brit herring,” move in
large inshore schools. Larger juveniles are referred to as “sardines” and are harvested commercially (Jury et al., 1994).

Adults are found in coastal and continental shelf waters at depths of up to 200 m (656 ft) and in water temperatures from | to
18 "C (34 to 64 °F; Atlantic States Marine Fisheries Commission, 2001a; Froese and Pauly, 2001). Feeding migrations may
consist of hundreds of thousands of adults. Schools are composed of individuals of similar size classes, and tend to inhabit
the upper water column, Most Atlantic herring migrate south in the fall from feeding grounds off Maine to southern New
England (Kelly and Moring, 1986).

Food sources are primarily small planktonic copepods in the first year, and copepods thereafter. Atlantic herring switch to
filter feeding if the density and size of food are appropriate (Froese and Pauly, 2001). Adult herring will also eat fish eggs,
pteropods (small molluscs), and the larvae of mollusks and fish (Scott and Scott, 1988).

Growth rates of Atlantic herring are highly variable by stock, and herring typically reach maturity between the ages of 3 and 5
(Scott and Scott, 1988). Environmental factors such as temperature, food availability, and population size generally control
growth. Atlantic herring reach 250 mm (10 in.} by the féurth year and may eventually reach 380 mm (15 in.) and 0.68 kg (1.5
Ib) (Atlantic States Marine Fisheries Commission, 2001a). A Gulf of St. Lawrence study reported Atlantic herring of 12 years
(Scott and Scott, 1988).
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: Food source: Young of year primarily feed on small planktonic

- T ;copepods; adults consume larger copepods, fish eggs, pteropods
- ; ‘{small molluscs}, and the larvae of mollusks and fish.’
. ! ;

‘Prey for: Almost all pelagic predators as well as many seabirds,
ATLANTIC HERRING - marine mammals, and bottom dwellers (eggs only).”
(Clupea harengus) '
..................................................................................... Llfe stage information:
Family: Clupeidae (herrings). :
. Eggs: demersal
Common names: sea herring, sardine, herring.” v Stick to the bottom in clumps or layers, and often cover
: the substrate.®
Similar species: Pacific herring (C. pallasii), alewives .

(Alosa pseudoharengus).® . Larvae: pelagic
: > Larvae disperse to estuaries after hatching.®
Geographic range: Can be found from southwestern
Greenland and Labrador to South Carolina.® . Juveniles: pelagic
' i Harvested commercially as “sardines.”™
Habitat: Coastal and continental shelf waters at depths :
of up to 200 m (656 ft).* " Aduls:
e Form schools of hundreds of thousands of individuals of
Lifespan: Up to 12 years® : the same size class.’
i Most migrate south in the fall from feeding grounds off
Fecundity: Females produce between 23,000 and : Maine to southern New England.

261,000 eggs.©

* Scott and Scott, 1988,

" Atlantic States Marine Fisheries Commission, 2001a.

< Messieh, 1976,

¢ Abie and Fahay, 1998.

© Jury et al., 1994,

" Kelly and Moring, 1986,

Fish graphic from Government of Newfoundland and Labrador, 2002

Atlantic mackerel (Scomber scrombrus)

Atlantic mackerel is a member of the Scombridae family, which includes mackerels, tunas, and bonitos. Atlantic mackerel
range from Labrador to Cape Lookout, North Carolina. The species tends to school in large groups in shelf areas with water
temperatures of 9 to 12 °C (48 10 54 °F; Scott and Scott, 1988). Atlantic mackerel is fished both commercially and for sport. .
Fish caught in the United States and Canada peaked in 1973 at 400 million kg (400,000 metric tons) per year and declined to
a low of 30 million kg (30,000 metric tons) in the late 1970°s. Weak year classes occurred from 1975 through 1980 but
stocks are currently very high (NEFSC, 2000a). Stock increases have resulted from low harvest rates combined with
improved recruitment.

Winters are spent in deeper waters, but mackerel return to shore in springtime to spawn. There are two major spawning areas
for Atlantic mackerel: between Cape Cod and Cape Hatteras, and in the Gulf of St. Lawrence (Scott and Scott, 1988). [n the
Gulif of St Lawrence, Atlantic mackerel spawn from June to mid-August, whereas in the northern regions of the Mid-Atlantic
Bight they spawn from April to June (Ware and Lambert, 1985). In summer and fall, fish from the Mid-Atlantic Bight move
into coastal areas along the Gulf of Maine, while the northern contingent remains in Canadian waters (Ware and Lambert,
1985).

Females are serial spawners, releasing five to seven successive batches of eggs each year (Morse, 1980b). Fecundity values
for females in U.S. waters of the northwestern Atlantic range from approximately {56,000 to 1,640,000 eggs for females
between 310 and 446 mm (12 to 19 in.) fork length {Griswold and Silverman, 1992). Eggs are pelagic and are released near
the surface, where they concentrate in the upper 10 m (33 ft) of water {Scott and Scott, 1988). At hatching, larvae are about 3
mm (0.] in.) long (Ware and Lambert, 1985). Larvae grow rapidly, reachmg an average size of 200 mm (8 in.) by late fall
(Scott and Scott, 1988).
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Atlantic mackerel feed by both filter feeding and prey selection. Food sources include zooplankton, shrimp, crab larvae,
small squid, fish eggs, and young fish such as capelin and herring. After spawning, adults generally migrate in schools to
offshore feeding areas before returning to their overwintering sites (Scott and Scott, 1988).

Once juveniles join the offshore adults, they remain in schools. Adults are obligate swimmers owing to the absence of a swim
bladder {Scott and Scott, 1988). Atlantic mackerel mature at about 2 years or 26 cm (10 in.) (NMFS, 1999b). They may live
up to 17 years and attain length of up to 50 cm (20 in.) (Froese and Pauly, 2001).

. ‘ Food seurce: Zooplankton, shrimp, crab larvae, small squid, fish
s “epgs, and young capelin and herring.
o “F* e : Prey for: Porbeagle sharks, dogfish, Atlantic cod, bluefin tuna,
-swordfish, porpoises, and harbor seals.?
ATLANTIC MACKEREL
(Scomber scombrus) : Life stage information:
......... Eggs: pelagic
Family: Scombridae (mackerels, tunas, bonitos).* i Eggs are released near the surface.*
Common names: Mackerel, tinker (half-grown Larvae: pelagic
mackerel). > Grow rapidly, reaching an average size of 200 mm (8 in.)
by late fall.?
Similar species: ‘
. 3 i Juveniles:
Geographic range: Can be found from Labrador, > Join the offshore adults and remain in schools.”
Canada to Cape Lookout, North Carolina.”
. . . L . Adults:
Habitat: Open marine waters, mainly within the . School in large groups in shelf areas.®
- b M >
continental shelf. P Are obligate swimmers owing to the absence of a swim
. . . bladder.”

Lifespan: Maximum reported age is 17 years.
Fecundity: Females produce approximately 156,000 to
1,640,000 g8S" e et e
“ Scott and Scott, 1988.
® Smudholme et al., 1999.
 Froese and Pauly, 2001.
¢ Griswold and Silverman, 1992.
Fish graphic from NOAA, 200lc.

Atlantic menhaden (Brevoortia tyrannus)

The Atiantic menhaden is a member of the Clupeidae (herring) family, and is a euryhaline species, occupying coastal and
estuarine habitats. It is found along the Atlantic coast of North America, from Maine to northern Florida (Hall, 1995). Adults
congregate in large schools in coastal areas; these schools are especially abundant in and adjacent to major estuaries and bays.
They consume plankton, primarily diatoms and dinoflagellates, which they filter from the water through elaborate gill rakers.
In turn, menhaden are consumed by almost all piscivorous, recreationally important fish, as well as dolphins and birds (Hall,

1995).

The menhaden fishery is one of the most important and productive fisheries on the Atlantic coast, representing a multimillion-
dollar enterprise worldwide (I1all, 1995). Menhaden are considered an “industrial fish™* and are used in products such as
paints, cosmetics, margarine {in Europe and Canada) and leed, as well as bait for other fisheries. The fishery in New England
peaked in the 1950’s with 36 million kg (36,000 metric tons) landed. Landings in the 1960°s declined to their lowest level of
approximately 2,700 kg (2.7 metric tons) because of overfishing. Since then, landings have varied, ranging from
approximatety 200,000 kg (200 metric tons) in 1989 to I million kg (1,000 metric tons) in 1998 (personal communication,
National Marine Fisheries Service, Fisheries Statistics and Economics Division, Silver Spring, MD, March 19, 2001).
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Atlantic menhaden spawn year round at sea and in larger bays. In waters from Maine to Massachusetts, spawning takes place
from May to October (Scott and Scott, 1988). The majority of spawning occurs over the inner continental shelf, with lesser
activity in bays and estuaries {Able and Fahay, 1998).

Females mature between ages 2 and 3, and release buoyant, planktonic eggs during spawning (Hall, 1995). Atlantic
menhaden annual egg production ranges from approximately 40,000 to 700,000 eggs (Hall, 1995). Eggs are spherical and are
between 1.3 to 1.9 mm (0.05 to 0.07 in.) in diameter (Scott and Scott, 1988).

Larvae hatch after approximately 24 hours and remain in the plankton. Those larvae that hatch at sea enter estuarine waters |
10 2 months later (Hall, 1995). Water temperatures below 3 “C (37 °F) kill the larvae, and therefore larvae that fail to reach
estuaries before the fall are more likely to die than those arriving in early spring (Able and Fahay, 1998). Larvae are 30 mm
(0.1 in.) and 70 mg (0.0001 1b) and juveniies are 38 mm (0.15 in.) and approximately 470 mg {0.001 Ib; Lewis et al., 1972),
The juvenile growth rate is estimated to be 1 mm (0.04 in.) per day (Able and Fahay, 1998). -

During the fall and early winter, most menhaden migrate south to the North Carolina capes, where they remain unti! March
and early April. Few larvae can tolerate waters below 3 °C (37 °F), or waters that rapidly cool to 4.5 "C (40 °F). Adults and
juveniles can tolerate a wide range of salinities from less than 1% up to 33-37% (Hall, 1995). Menhaden spawn in early
spring and winter off North Carolina and in spring and late fall in the mid-Atlantic region (Wang and Kernehan, 1979).
However, primary spawning grounds for Atlantic menhaden are offshore near Cape Cod (Jury et al., 1994).

Adult fish are usually 30-35 cm (12-14 in.) long and weigh 0.9 kg (2 Ib). The maximum age of a menhaden is approximately
7 to 8 years (Hall, 1995), although individuals of 8-10 years have been recorded (Scott and Scott, 1988).

: Food source: Phytoplankion, zooplankton, annelid worms,
“detritus.*

:Prey for; Sharks, cod, pollock, hakes, bluefish, tuna,
-swordfish, seabirds, whales, porpoises.®

ATLANTIC MENHADEN Life stage information:

(Brevoortia tyrannus) :
...... i e Faags pelagic -
Family: Clupeidae (herrings). i Spawning takes place along the inner continental

shelf, in open marine waters, with less activity in
bay and estuaries.’

> Hatch after approximately 24 hours.
Similar species: Gulf menhaden (8. patronus), yellowfin PP Y

menhaden (B. smithi).

Common names: Menhaden, moss bunker, fatback.”

. Larvae: pelagic

G hi . hern Florid o Hatch at sea, and enter estuarine waters | to 2
leogr:l\]p ;clral_lge. Fro:n Maine to northern Florida . months later©
along the Atlantic coast. v Remain in estuaries through the summer, -

emigrating to ocean waters as juveniles in

Habitat: Open-sea, marine waters. Travels in schools.? September or October.!

Lifespan: Approximately 7 to 8 years. © Adults

: Congregate in large schools in coastal areas
Fecundity: Females produce between 40,000 to 700,000 :, Spawn year round, primarily May to October frem
eggs.” . ee....i. . MaintoMassachusetis’ ]

® Scottand Scott, [988.

" Bigelow and Schroeder, 1953.

° Hall, 1995.

‘ Able and Fahay, 1998.

Fish graphic from U.S. EPA, 2002a
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Cunner (Tautogolabrus adspersus)

Cunner is a member of the Labridae family, which includes the tautog. Cunner is a dominant component of many temperate
marine communities of the western Atlantic Ocean from Newfoundland to Chesapeake Bay {Bigelow and Schroeder, 1953).

It is a territorial and sedentary species that occupies small, localized ranges within 10 km (6.2 miles) of shore. The species
prefers complex habitats with natural or artificial structures such as bedrock outcrops, glaciai boulders, pilings, shipwrecks, or
breakwaters, and juveniles inhabit shallow waters (Lawton et al., 2000). Although large numbers of cunner were landed in the
late 1800’s and early 1900’s, today they have little commercial or recreational value (Bigelow and Schroeder, 1953).

In Cape Cod Bay, cunner spawn close to shore from mid-March until mid-July (Lawton et al., 2000). In more northemn areas
the spawning season lasts from May to September. Spawning peaks in waters near Woods Hole, Massachusetts, during the
first three weeks of June (Lawton et al., 2000). Males and females are able to spawn several times in a day, and more than
once throughout the spawning season (Pottle and Green, 1979). Females produce approximately 5,000 to 600,000 eggs
annually (Steimle and Shaheen, 1999). The number of eggs produced is related to fork length and fish weight; maximum egg
production occurs between the ages of 7 and 9 years and is maintained until approximately 16 years of age (Steimie and
Shaheen, 1999).

Cunner eggs are pelagic and range in size from 0.84 to 0.92 mm (0.033 to 0.036 in.) in diameter (Able and Fahay, 1998).
Eggs hatch afier several days in water temperatures of 12.8 to 18.3 °C (55 to 65 °F), and larvae are 2-3 mm {0.08 to 0.11 in.)
long (Bigelow and Schroeder, 1953). The larval stage lasts 18-37 days (l.awton et al., 2000).

Cunner growth rates during the firsl year in waters near Nova Scotia range from 0.30 to 0.35 mm (0.01 in.) per day (Tupper
and Boutilier, 1995). Larvae and juveniles collected in July in the Great Bay-Little Egg Harbor area, off the New Jersey
shore, were 5.2-15.6 mm (0.2 to 0.6 in.) long (Able and Fahay, 1998). Atage 1, cunner are about 4 to 8 cm (1.6 t0 3.1 in.)
long (Serchuk and Cole, 1974).

Adults do not migrate extensively, but they will travel short distances to escape extremes in water temperature (Bigelow and
Schroeder, 1953). They move to protected areas in the fall and become inactive as water temperatures fall to 7-8 "C (45 to 46
°F). As temperatures decrease further, cunner become dormant (Olla et al., 1975). Some may overwinter in their summer
habitat, but inshore areas that are susceptible to thermal currents are not suitable for the dormant period (Dew, 1976). When
spring water temperatures reach 5 to 6 "C (41 1o 43 “F), cunner move to seasonally transiiory habitats such as mussel beds and
seaweed (Olla et al., 1979). Cunner are active during the day and become inactive and seek cover at night (Olla et al., 1975).
Cunner are omnivores that feed on mussels, small lobsters, and sea urchins in addition to plant material (State of Maine
Division of Marine Resources, 2001b).

Dew (1976) found that cunner in the mid-Atlantic Bight mature at about age 1. Cunner sampled in Cape Cod Bay were up to
10 years old (Lawton et al., 2000), whereas data for other areas indicate a maximum age of 6 years (Froese and Pauly, 2001).
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‘Food source: Mussels, small lobsters, and sea urchins in addition
‘10 plant material.®

Prey for: Other shore fish such as sculpins, seabirds.®

Life stage information:

. Eggs: pelagic

. : > Range in size from 0.84 to 0.92 mm (0.033 t0 0.036 in.) in
Family: Labridae (wrasses). diameter.”
Common names: Perch, sea perch, blue perch, Larvae:
bergall, chogset, choggy.* > 0.2-0.3 mm (.008 to 0.012 in.) in length.”
Similar species: Tautog {7autoga onitis). © Juveniles:

> Can be found in high abundance in structurally complex

Geographic range: Prevalent from Newfoundland to_ habitats |
Chesapeake Bay.

N L o Adults:
Habltat:cNatural or artificial structures within 10 km -, Inactive as water temperatures fall, but they will travel
of shore. short distances to escape exiremes in temperature.®

i ir Become dormant in the winter.®
Lifespan: May live up to 10 years.© -

Fecundity: Females produce approximately 5,000 to
600,000 eggs annually.?

° Auster, 1989,

" Bigelow and Schroeder, 1953.

° Lawton et al., 2000.

4 State of Maine Division of Marine Resources, 2001b.
* Scott and Scort, 1988,

! Able and Fahay, 1998.

E Ollaetal., 1975.

Fish graphic from NOAA, 2002¢.

Winter flounder (Pleuronectes americanus)

Winter flounder is a benthic flatfish of the family Pieuronectidae (righteye flounders), which is found in estuarine and
continental shelf habitats. Its range extends from the southem edge of the Grand Banks south to Georgia (Buckley, 198%9b).
It is 4 bottom feeder, occupying sandy or muddy habitats and feeding on bottom-dwelling organisms such as shrimp,
amphipods, crabs, urchins, and snails (Froese and Pauly, 2001).

Both commercial and recreational fisheries for winter flounder are important. 1.8. commercial and recreational fisheries are
managed under the New England Fishery Management Council’s Multispecies Fishery Management Plan and the Atlantic
States Marine Fisheries Commission’s Fishery Management Plan for Inshore Stocks of Winter Flounder (NEFSC, 2000(d).
Three groups are recognized for management and assessment purposes: Gulf of Maine, Southern New England-Mid Atlantic,
and Georges Bank. Management currently focuses on reducing fishing levels to reverse declining trends and rebuild stocks.
The Gulf of Maine stock is currently considered overfished (NEFSC, 2000d). Although improvements in stock condition will
depend on reduced harvest, the long-term potential catch (maximum sustainable yield) has not been determined.

The winter flounder is a nonmigratory species. Tagging studies indicate that winter flounder north of Cape Cod remain in
local inshore waters, while populations south of Cape Cod may disperse up to 3 miles offshore on a seasonal basis (Buckley,
1989b). Water temperature seems 1o be the most important determining factor of seasonal distribution. Winter flounder near
Newfoundland may remain in shallow walers during the summer as long as temperatures do not exceed 15 "C (59 °F), while
off of the coast of Rhode [sland, winter flounder move to deeper, cooler waters in the summer (Buckley, 1989b). '
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Spawning occurs between January and May in New England, with peaks in the Massachusetts area in February and March
(Bigelow and Schroeder, 1953). Spawning habitat is generally in shallow water over a sandy or muddy bottom {Scott and
Scott, 1988). Adult fish tend to leave the shallow water in autumn to spawn at the head of estuaries in late winter. The
majority of spawning takes place in a salinity range of 31 to 33 ppt and a water temperature range of 0to 3 "C (32 to 37 'F).
Females will usually produce between 500,000 and 1.5 million eggs annually, which sink to the bottom in clusters. ‘The eggs
are about 0.74 to 0.85 mm (approximately 0.03 in.} in diameter, and hatch in approximately 15 to 18 days (Bigelow and
Schroeder, 1953).

Larvae are about 3.0 to 3.5 mm (0.1 in.) total length when they hatch out. They develop and metamorphose over 2 1o 3
months, with growth rates controlled by water temperature {Bigelow and Schroeder, 1953). Larval growth appears to be
optimal with a slow increase from spawning temperatures of 2 *C (36 °F) to approximately 10 “C (50 °F; Buckley, 1982).
Larvae depend on light and vision to feed during the day and do not feed at night (Buckley, 1989b). Juveniles tend to remain
in shallow spawning waters, and stay on the ocean bottom (Scott and Scott, 1988).

Fifty percent of females reach maturity at age 2 or 3 in the waters of Georges Bank, while they may not mature until age 5 in
more northern areas such as near Newfoundland. Females are generally 22.5 to 31.5 cm (8 to 12.4 in.) long at maturity
(Howell et al., 1992). :

Winter flounder supports important commercial and recreational fisheries in the area, as it is the thickest and meatiest of the
common New England flatfish (Bigelow and Schroeder, 1953). Annual commercial landings declined from 17.083 miliion kg
(17,083 metric tons) in 1981 to 3.223 million kg (3,223 metric tons} in 1994 (personal communication, National Marine
Fisheries Society, Fish Statistics and Economics Division, Silver Spring, MD, January 16, 2002.). Winter flounder is
ecologically important as a prey species for larger estuarine and coastal fish such as striped bass (Morone saxatilis) and
bluefish (Pomatomus saltarrix) (Buckley, 1989b).
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}Food source: Bottom-dwelling organisms such as shrimp,
amphipods, crabs, urchins and snails.?

Prey for: Striped bass, bluefish.”

: Life stage information:
(Pleuronectes americanus) ;
. Eggs: demersal
T s e Approximately 0.74 to 0.85 mm (0.03 in.) in diameter.’
Family: Pleuronectidae (righteye flounders) . Hatch in approximately 15 to 18 days.*

Cemmeon names: Blackback flounder, lemon sole, black Larvae:

semi-pelagic
flounder.? petag

- Approximately 3.0 to 3.5 mm (0.1 in.) total length when

.. . . . . . they hatch out.*
Similar species: American plaice (Hippoglossaides

Iplatessoides), European plaice (P. platessus). Juveniles: demersal

: » Once winter flounder enter the juvenile stage, they
Geographic range: F.rolx)n the southern edge of the Grand remain benthic, preferring sandy bottomed substrates *
Banks south to Georgia. :

" Adulrs:
Habitat: Bottom dweller. Found in coastal marine ,> Females mature at ages 2 and 3.°
. .
waters. o Migrate scasonally to offshore waters in the summer,

] and inshore waters in the winter.”
Lifespan: May live up to 15 years.

Fecundity: Females produce between 500,000 and 1.5
million eggs annually.”
° Bigelow and Schroeder, 1953.

t Buckley, 1989b.

° Scott and Scott, [988.

¢ Grimes et al., 1989.

° Howell et al., 1992.

Fish graphic from State of Maine Department of Marine Resources, 2001d

G3-3 SEABROOK'S METHODS FOR ESTIMATING IMPINGEMENT AND ENTRAINMENT

63-3.1 Seabrook Impingement and Entrainment Monitoring

Seabrook has sampled impinged organisms since 1990 (Normandeau Associates, 1990, 1991, 1993, 1994a, 1994b, 1995,
1996a, 1996b, 1997, 1999). Impinged fish are coilected after being washed from the 9.525 mm mesh traveling screens within
the circulating water pumphouse. Before 1998, screens were washed once per week, or more frequently during storm
conditions, and collected fish were identified to species and counted (Normandeau Associates, 1999). Because of inadequate
removal of small fish from screenwash debris, the facility believes that estimates from 1990 to 1994 are likely to be
underestimated (Normandeau Associates, 1995). Prior to 1998, the number of fish impinged in unassessed screenwashes was
estimaled based on the volume of debris in the unassessed screenwash and the volume of debris in the assessed screenwash
nearest in time to the collection date. The sum of assessed screenwashes and the calculated value for the unassessed
screenwashes allowed calculation of an annual estimate of fish impinged (Normandeau Associates, 1997, 1999). In 1998
sampling procedures were adjusted so that traveling screens were washed at least twice each week and fish were counted in
every screenwash. Since 1998, the annual impingement is the sum of the fish impinged from every screenwash (Normandeau
Associates, 1999; R. Sher, Seabrook Station, personal communication, 2001).

63-3.2 Seabrook Entrainment Monitoring

Seabrook has also conducted entrainment sampling since 1990 (Normandeau Associates, 1990, 1991, 1993, 1994b, 1995,
1996a, 1996b, 1997, 1999; Saila et al., 1997). Samples are collected with 0.505 mm mesh nets suspended in double-barrel
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collection devices. Initially, three replicate samples were taken once during the day on each sampling date, but beginning in
January 1998 the sampling design changed to include 24-hour sampling. Samples are taken four times each month, and in
four diel periods (2400-0600, 0600-1200, 1200-1800, 1800-2400 hours). The weekly number of entrained organisms is
estimated by calculating the arithmetic mean density in a sample for each sampling day and multiplying by the cooling water
volume during the week the sample was taken. These weekly estimates are summed for a monthly estimate, and monthly
estimates are summed to derive an annual estimate (Normandeau Associates, 1997). Slight variations in annual extrapolations
methods can be found in Seabrook facility documents for previous years (Normandeau Associates, 1993, 1994a, 1995).

G3-4 SEABROOK'S ANNUAL IMPINGEMENT AND ENTRAINMENT

EPA evaluated annual impingement and entrainment at Seabrook using the methods described in Chapter A5 of Part A of this
document.’ The species-specific life history values used by EPA for its analyses are presented in Appendix G1. Table G3-2
displays facility estimates of annual impingement (numbers of organisms) at the Seabrook facility, by species. Table G3-3
displays those numbers expressed as age 1 equivalents, Table G3-4 displays impingement of fishery species as yield lost to
fisheries, and Table G3-5 displays impingement expressed as production foregone. Tables G3-6 through G3-9 display the
same information for entrainment at Seabrook.

G3-5 PILGRIM'S METHODS FOR ESTIMATING IMPINGEMENT AND ENTRAINMENT

63-5.1 Pilgrim Impingement and Entrainment Monitoring

Impingement monitoring at Pilgrim has been conducted three times per week since 1974. Traveling screens are washed over
a 24-hour period, once in the morning, once in the aflernoon, and once at night. To estimate annual impingement numbers,
Pilgrim divides the numbers of fish impinged during an impingement monitoring period by the numbers of hours of
monitoring, and then the resulting impingement rate per hour is multiplied by 24 hours and by 365 days to obtain an annual
number. After 1990, if all four intake screens were not washed, then the number of fish impinged was increased by a
proportional factor (Boston Edison Company, 1991-1994, 1995a, 1955b, 1996-1999; Entergy Nuclear General Company,
2000).

63-5.2 Pilgrim Entrainment Monitoring

Entrainment sampling at Pilgrim began in 1974 (Boston Edison Company, 1991-1994, 1995a, 1995b, 1996-1599; Entergy
Nuclear General Company, 2000). Samples are taken in triplicate at low tide. In most years sampling was twice a month
from October through February and weekly from March through September. However, this regime was modified in 1994.
Sampling from October through February now involves taking single samples on three separate occasions during two alternate
weeks each month, The standard mesh is 0.333 mm, except from late March through late May, when a 0.202 mm mesh is
used. From March through September Single samples are taken three times every week. All sampling is done with a 60 cm
diameter plankton net fitted with a digital flow meter. This allows for calculation of arithmetic mean densities of larvae and
eggs entrained. Annual numbers of entrainment were determined using the full load capacity of the plant (Entergy Nuclear
Generating Company, 2001).

G3-6 PILGRIM'S ANNUAL IMPINGEMENT AND ENTRAINMENT

EPA evaluated annual impingement and entrainment at Pilgrim using the methods described in Chapler AS of Part A of this
document.! The species-specific life history values used by EPA for its analyses were the same as those used to evaluate
Seabrook’s losses and are presented in Appendix G1. Table G3-10 displays facility estimates of annual impingement
(numbers of organisms) at the Pilgrim facility, by species. Table G3-11 displays those numbers expressed as age 1
equivalents, Table G3-12 displays impingement of fishery species as yield lost to fisheries, and Table G3-13 displays the
Seabrook annual impingement expressed as production foregone. Tables G3-14 through G3-17 display the same information
for entrainment at Pilgrim.

' In some cases the facility did not identify impinged or entrained organisms at the species level or life history data were not available
for different species in the same family. In these cases, EPA grouped the losses together under a single species.
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Table 563-2: Annual Impingement (numbers of organisms) at Seabrook, By Species, as Esfi;;.lf;i 'b; fheFuullfy
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Table 63 2 Annual Impmgemenf (numbers of orgamsms) crt Seobrook By Specnes as Esflmafed by fhe Faclhfy (conf )
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Tabfe 63 2: Annucl Impmgemenf (nurnber's of orgcmsms) ut Seubr‘ook By szc:es as Es‘rlmafed by the Faculny (conf )
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: : 6 14 0 T § 0 1 0 j 0 ; 1
oot | 1255” e e A R
Sl : | e T R R
B L S T s R T e -
1994 168t . o sas 284 44 0 T S Y TS 0 T
1995 &9 . 92 . 213 | 2269 1298 0 Cme w06 0 o
B RIS S S S R R (IO EEDCR
s m”565”””“”?“'60| g S 0 e e
1998 s . 39 s e 299 o FRE Y I A R 0
Mean . 643 20 701 Thoa 7o 0 ; o1 3 3 a1
PR R e Rl Ee ° o S Rl Sl B e
Maximum © 1,835 | 92 adsy | 284 2929 3 S 1,381 M 7 e 12 s
e AR IR WS B+ S G R s s ] R = Do
Toal 578 @ 178 L 6306 ”‘5‘”"9371' 6392 3 57 3,611 7 12 36 i

0=Sampled, but nonc collected
Mon Feb 11 07:56:36 MST 2002 Raw.losses. IMPINGEMENT; Plant:seabrook.50.98;
PATHNAME:P:/Intake/Seabrook-Pilgrim/Science/scode/scabrook/tables.output . 90.98.no.mussel ‘raw.losses.imp.scabrook. 90.98 csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim

Chapter 3: Evaluation of L&E Data

Tabte 63-2: Ar;ﬁual Impingement (numbers of organisms) at Seabrook, By Species, as Estimated by the Facility (cont.)

. Striped Striped Bass 5

Striped :  Striped
i Anchovy | . CuskEel  Tautog |

Threespine :, ., .. s i
Killifish | ™08 | Sticioback | !Midentified | White Perch - Windowpane:

1990 o S0 1 o , P 2

o oo o

Winter . :
. Flounder ¢ Wolffish  Wrymouth

5
15
16

e

Minimum : :
P i

0
Maximum ' 1 : 4

Towl L i s 3 75 el L5796 i 6 513 1 020
0=Sampled, but none collected.

Mon Feb 11 07:56:36 MST 2002 Raw.losses. IMPINGEMENT; Plant:seabrook.90.98;
PATHNAME:P:/Intake/Seabrook-Pilgrim/Science/scode/seabrook/tables.output 90.98.no.mussel/raw losses. iinp._seabrook.90.98.csv
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§ 316(b) Case Studies, Part G Seubr‘ook cmd Pllgr'lm Chnpter G3: Evuluahon of I&E Data

Table 63-3: Annuu| Implngemem at Seabrook by Specnes Exprcssed as Age 1 EqU|vulems

Year Alewﬂ'e Ar;:]encan American Atlanhc Atlnntlc ; Atlantlc Atlantlc ¢ Atlantic Biﬁ;;mja;kv"l;;;t;}i Cunnerié Fourl.;ez-li-_(‘i_écmbbyé Little iLump-
o i Plaice Sand Lance Cod ; Herring MEI}E[}E Nﬁerqhaden Sllversid _Herring . fish i Rockling i Skate | fish -
90 0 0 ¢4 022 ] ’ ] 0 o 0 2 0 13 ias o7
oo O B e 14 .................. o o ...... Rt o Rt 135 SReTon
e o o 121 e ; W ST 66 S o
1994 _'”9620 o 15 . 4 !

1995 T } 206 . 0 19

o7 | 3738‘“2'”

1998 19

Mean 679

Mmlmun'; 0 : : : :

Maximum | 3738 & 1 ' '1 936W 588 " 68 : 9,620 : _ ‘

sp :333””?” 0 80 1303:3 s e e s A 02 425
Total 63 1 6,267 1,062 3,010 26 128 '§' 16842  512 341 G 2,906 _ 37 12759 5 1269 3851'

Notc: Impingement losses cxpressed as age | cquwalcnls arc Iargcr lhdﬂ raw losscs (the actual number of organisms impinged). This is bCLause (hc ages of impinged individuals are assumed to be dlsmbutcd
across the interval between the start of year 1 and the start of yeer 2, and then the fosses are normalized back to the start of year 1 by accounting for mortality during this interval (for details, sce description of
S*j in Chapter A2, Equation 4 and Equation 5). This type of adjustment is applied to all raw loss records. but the effect is not readily apparcnt among entrainment losses becausce the majority of entrained fish
ar¢ younger than age 1.

0=Sampled, but none collected,

Fri Feb 08 09:49:55 MST 2002 ;Rcsults; T Plant: scabrook.90.98 ; Units: cquivalcnt.sums Pathname: P:/Intake/Seabrook-
Pilgrim/Scicnce/scode/seabrook/tables.output. 90.98.no. mussel/I cquivalent.sums . scabrook 90,98 .csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chopter &3: Evaluation of I&4E Data

Tuble 63-3: Annuul Impmgemen? uf Seabrook by Spectes Expressed as Age 1 Equwal:n?s (conf )

- ”;Northern Radiated Ralnbowé Red Rock ESCIllpiIU Sea- Strlped Smped
Y piperish P Shanny | Smelc | Hake | Gunel - Spp. |

990 0 76 . 5 i 0 . 20 : 17
1991 S8 o136 0 1 - 16 P 70 ;13 175 j
1992 L3 0 254 P9l 20 1 49

 Tauto : Threespme 'White ! Window-i Winter
robin | Bass Killifish; g: Stickleback Perch pane : Flounder

3 ] Y A X
10 4 186 ¢ 147
o ;- 4 116 ¢ 230

134§031230
15

0
H . : 0 :

1993 13 35 0 . 18 6 , _ 3 a0 e 6

1994 255 igas o0 7 Tagie eal 493 L0 0 0 o e Ty e ke

1995 736 . 989 . 112 288 2905 1579 . 547 0 i 220 0 o133 . 2557

199 . 1630 2018 49 6078 3404 1365 193 11 0 1 Ty ass s am 3565

T A i B TR P T Y e

1998 364 | S8 47 724 1186 3563 448 o b3 s e o

Mean 388 | 707 24 1 949 1333 864 S § D B 243 ’ : :

VISR B S R R e St . R R .

Maximum = 1630 2018 112 6078“45 3616}“3563 1693 16 ¢ 15 Ced 3 Camss s 2m0

s 59 757 390 945""‘5”1 546 '"1 AT a0 6 T S 12 368 o2 . 6 1247

Total 3490 © 6,363 i 217 8538” 11,9981 7,776 © 4427 32 44 7 103 i 67 i 2,185 : 8 | 7169 i 10226

Note: Impingement losses expressed as age 1 equwa]ents are ]argcr than raw losses (the acrual number of organisms |mp1nged) ThlS is because the ages of impinged
individuals are assumed to be distributed across the intcrval between the start of year | and the start of year 2, and then the losses are normalized back to the start of year | by
accounting for mortatity during this interval (for details, see description of S*j in Chapter A2, Equation 4 and Equation 5). This type of adjustment is applied to all raw loss
records, but the cffect is not readily apparent among entrainment losses becausc the majority of entraincd fish are younger than age 1.

0=Samplcd, but none collected.

Fri Feb 08 09:49:55 MST 2002 ;Results; I Plant: seabrook.90.98 ; Units: cquivalent.sums Pathname: P:/Intake/Seabrook-
Pilgrimy/Science/scode/seabrook/tables.output.90.98.no.mussel/l.equivalent.sums.scabrook.90.98.csv
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Chapter G3: Evaluation of T&E Data

Table &3-4: Annual Impingement of Fishery Species at Seabrook Expressed as Yield Lost to Fisheries (in pounds)

Atlantic | Adantic | Atlantic  : Blueback

Year Alewife Atlantic Cod Atlantic Herring Mackerel . Menhaden | Silverside . Herring

Butterfish iCunneré Little Skate EPolIDck

—— - TN

..... - RN

SD

Total :
0=Sampled. but nonc collccted.
Fri Feb 08 09:50:05 MST 2002 ;Results; 1 Plant: scabrook.90.98 ; Units: yield Pathname: P:/Intake/Seabrook-Pilgrim/Scicncc/scode/scabrook/tables.output.99.98. no.musscl/Lyicld.scabrook.90.98.csv

59
348 417 4 44

f 1 0 0 0 0 0 3 L1
o Y . e P o
o ; Y Y o o . S
. S : e o o o 0 g :
0 E T T o 0 so s
| . . 5 o PR - ) IR S
e 12 T P o TR . — =
1007 B T e e ; S
oon Y SR . e S S
Mean T B R 46 ] 5 : ] 2
Minimum = 0 7 1 0 o e o i 0 3 L2
Maximum | 19 192 95 2 41 N 47 e - 2962
; ‘ 2

3¢ 262 | 9340
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§ 316(b) Case Studies, Part 6: Seabrook and Pilgrim Chapter 63; Evaluation of I&E Data

Table 63-4: Annuql Impingement of Fishery Species at Seabrook Expressed as Yield Lost to Fisheries (in pounds) (corn;.j

,.,YE?_"_,M i : Rainbow Smelt W]ieﬁdrl-lke o Scupr o WSﬁggrrorbi‘n N Stﬁpgq Bass ~ Tautog }Yipdgwpgne  Winter Flpunder.
: 0 i 4 : 0 | : : : :

[ e i e e e e e

0 g 13 0
IR 2
- %7 1 e
........................ T
................................. o X
: 45 Y 2

e A e
R Y e
L B E it .

Total 64 2,138 6 2 L

=
-3
i
Wn
[
A =3
1l
NG
[ S ]
]

0=Sampled, but none callected.
Fri Feb 08 09:50:05 MST 2002 ;Results; [ Plant: seabrook.90.98 ; Units: vield Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/seabrook/tables.output.90.98 .no.mussel/T yield seabrook.90.98 csv
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5 316(b) Case Studies, Part 6. Seabrook und Pllgr‘lm ) Chapter G3: Evaluation of T&E Data

Tuble 63 5 Annucd Impmgemenf at Seabrook By Specnzs Expressed as Producﬂon Foregone (m pounds)

: American ! Atlantlc Atlnntlc At!antm 5 Atlantlc Atianllc Bluel:mt:kE
:Sand Lance; Cod Herring: Mackerel . Menhaden | Silverside | Herring

| Butterfish | Cunner . Grubby : ;.;(tt:e Lumpfish T:;gfliil;ln

Year AIewnfe

S e e e B e e = - e R

1998 1

T : 244 0 5 . 35
Mean 21 . 4 . 13 . 26 °

© 86 14 0 14

foiwlo

1990§0§0§2§4;0§0io;oéo,oglglgzso
1991 R B 4 e 0 S 0 00 R o
192 0 e 2 o o o i o 0 a4 e 1w
N e L R R e g 0 5 g
S R N v e g g e e B o S Ty
oes o T e T e o ] o U o U3 o i s o3 1
96 0B 6 e s 19 1 e U0 e e w38
oo o7 i o1 9 s T 0 L A S S R C
2
S
e

N D O oSN

Mlnlmum; 4] : 2 1 ‘ | | l
Matimum© 117 010 67 st 7 44 : 28 1 38

141

SD S A Y : : ‘
L2124 4

Total | 191 : 33 i 21 235

Mo~ o o|locioo oo o
=
~d

=)
[o =B S |
-
o
o
(=]

2
()
(=)
N
Y
=

!

1\1:
i
(=

0= Samp]ed but none collected
Fri Feb 08 09:50:00 MST 2002 ;Results; [ Plant: seabrook.90.98 ; Units: annual.prod.forg Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/seabrook/tables.output.30.98.n0.mussel/l.annual. prod. forg.seabrook.90.98 .csv
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§ 316(b) Case Studies, Part 6: Seabraok and Pilgrim

G3-24

Chapter G3: Evaluation of I&E Data

Table é5'5: Annual Impingement at Seabrook, By Speci;s; Expreséed as Production Foregone (in pouné;)(c;nt)

Year | Pollock | Rainbow Smelt :

1990

1992

1903

1994
1995

17

868
464
948
196

27

36
64
119

PN

Red
Hake

Sculpin

Spp

EScupg Searohin

Striped
Bass

Tautog ;Windowpane Winter Flounder

'Rock Gunnel |

—

ool

0

Slolunio o O:

NN W

N

3
18
28

Minimum

Maximum

SD
Total

332

.”.,
948

355

L 2,988

62

D=Sampled, but none collccted.

Fri Feb 08 09:50:00 MST 2002 ;Results; | Plant: seabrook.90.98 ; Units: annual.prod.forg Pathname: P:/Intake/Seabrook-

o
e

R

103

29

e

Pilgrim/Science/scode/seabrook/tables.output.90.98.no. musscl/I.annual.prod.forg.seabrook 90.98.csv

‘v o oloicicivio e

—_—

RS TR Y

128

i
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] 316(b) Case S'rudles Par'1 G: Seabrook and Pilgrim

Chapter G3: Evaluation of I&E Data

Table 63 6 Annucl Emmmmenf (number-s of or-gamsms) a‘r Seabr'ook By Specnes as Estimated by fhe Facuhty

v Mgpor AR anion | N thode Mol M g st Dot o
1990 o B 3“000,000 f 0 3200000 @ 700,000 stoooooog 100,000 5 991,300,000000 | 0 0 4;760000
w1 1000005 o 3”22000006"3"55506’606 11,500,000 500000 677,800,000 | 500,000 : i"é's"fcibb'(')'0‘()”(')66"' """"" o U0 s0000
1992 200000 0 | 53100000 : 18100000 : 3,000,000 = 4,900,000 . 456,300,000 . 1,400,000 ; 121900000000 i 0 0 . 0
1993 0 ':'”""6""“":”'20200000"? 12,000,000 | 50,400,000 : 9,600,000 . 112,900,000 | 100,000 10 050,700, 000000 o o 4700000
e R s o R L it R e S et
1995 300000 . o 22 700000”? 9500000 | 6900000 . 11200000 = 74500000 | 200,000 :13231.000.000000F 0 . 300,000 | : 4,400,000
1996 100000 © 0 86,300,000 ‘5“1'4'666'666”‘51‘"6‘666'666""“”"4566'666"”‘"56'5'5'06'666 T 00000 117.9318000000000 0 '266',6'00” 9,200,000
1997 100000 70”“775“22,600,067(7)7'57 10, 166'666”fg""j"s'ob'bdbu"l:”"é;'i66',666'""'a""2'3'1366;666"'Emé'd(i',bbb """ i'7}i'4'5'66'0”0'0760‘0' 100,000 0 239,700,000
1998 | 174000 | 14,000 @ 16,623,000 | 10,662.000 10,970,000 9,506,000 = 39.316,000 ':”171'4,70'0'0” 1493030000000 . 0 . 0 | 17,783,000
Mean | 130444 1,556 27.435.889 13,329,111 10,007,778 } 4,767,333 f 245,390,667 301,556 6281453 750, 000 L1 {55556 | 35,403,667
Minimum . 0 i 0 400,000 Y T 500000 100000 0 e 121,900,000,000 [ T Y S S S
Maximum | 300,000 86,300,000 © 37,300,000 | - 11,200,000 © 677,800,000 ‘“i'4‘60666 ' 1 100,000 ¢ 300,000 : 239,700,000
SD 98,193 ¢ ié'ééa6'85'”E"'{d'illi'ééé”? a3asear 25213483 6612079486100 33333 113,039 | 77814636
Toal 1,174, 000 14,000 © 246,923,000 '1|9 962, 000' 90,070,000 | 42,906,000 2208 516, 000 2,714,000 : 50.251,630,000,000 100,000 ; 500,000 318,633,000

NA= Not sampled
0=Sampled, but none collccted.

Mon Feb 11 07:56:41 MST 2002 Raw losses. ENTRAINMENT; Plant:seabrook.90.98;
PATHNAME:P:/Intake/Seabrook-Pilgrim/Scicnce/scode/seabrook/tables.output.90.98 no.mussel/raw.losses.ent.seabrook. 90.98 csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim

Chapter G3: Evaluation of T&E Data

Table 63 6: Annual Emralnmen‘r (numbers of orgumsms) ut Seubrook By Spemes as Es'nmcned by 'rhe Fucm‘ry (com )
R I b e L
1990 "1'_5'5'866"666“‘[ 100,000 . O | 12400000 : O T | 203,550 | 4,800,000 | 200,000 | 61,200,000 - —(_) T
e Elv\lib'éidoubéb”""wbﬂ " 666 _______ 5 566'666”: ________ S s 5'“'1"666666”" '3"”160"666',5 _______ : ”'“'}“”2"666'660“'5 ...... o §"'5"1','166,'66"" ...................
1992 51500000 0 18,900,000 i 33500000 i 0 465964 1,100,000 . 100,000 | 100,000 © 400,000 . 45,300,000 : 1,600,000
1993 36400000 1 0 i3s00.000 76900000 | o 1T 6 200,000 ”'7"566‘666“'* """" o 800,000 | o 556666&)”'f“"[”()'(io'b'ddw
1994 T 1900000 0 ?"'4'666666“5 """ 3,600,000 """" 0 5'666'660' """ o000 ;o TETT 0o f"”1"666666"?"'56'(')60'""“1”1”6667666 2,600,000
1995 L 35800000 ¢ 0 17 400000 33 300000‘“ 0 2 100,000 400,000 | 2,100 000 0 e, 200000 0 15,600,000 900,000
1996 C 81,400,000 £ 300,000 : 18,600,000 . 65,100,000 : 100,000 0 5’ 400,000 ‘2000 000" 100000 286500000 0 |33 800,000 | 2,600,000
1997 72400000 | 0 12800000, 2300000 . 0 0 200,000 300000 . 0 410400000 0 25100000 ; 2,150,000
1998 | 47,193,000 | 886,000 (7,315,000 | 40466000 | 0 . 0 | 2974000 ; 1,702,000 | 228000 26267000 0 | 16,872,000 . 2,960,000
Mean 38510333 142,889 | 14,012,778 | 31862889 . 11111 7500000 660,390 | 1700222 - 69,778 93,151,889 50,000 ;22,719,111 1,634,444
Minioum 1900000 0 o 2300000”"?1"'“ o o o0 0 T e T 1 66‘666"”’ """" o i o i o0

Maximum 159 600,000 886 000 22,400,000 76,900,000 100,000 12, '1'(')'(')"666‘ “'2"6'7'4'(')66 """ 4,800,000 | 228,000 410,400,000 400,000 | 51 100,000 :
s 44230288 296,066 7233324 26,037, 747”!:' 33,333 884 590 | 907,482 15524]8771912'3-()76 149, 77'1'"232 132288 : 17, 577 83: |
Total 526,593,000 _'1236000'126115 000: 286,766,000 £ 100,000 4500000 5,943,514 115,302,000; 628,000 '§38.367.000 450,000 204,472,001 14710,000

NA=Not sampled
0-=Sampled, but none collected.
Mon Feb 11 07:56:41 MST 2002 Raw.losses. ENTRAINMENT; Plant:seabrook.90.98;
PATHNAME:P/Intake/Seabrook-Pilgrim/Science/seede/scabrook/tables.cutput.90.98.no.mussel/raw.losses.ent.seabrook. 90.98 csv
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§ 316(b) Case Studies, Part G: Seabrook and Pllgrlm

Chnpter G3: Evaluation of I&E Data

Table 63 6 Annuul Emrnmmem‘ (numbers of or-gamsms) at Seabrook By Specnes as Eshmated by 1he Fucuhty (conf )

] Ye;lr Searnbln N andgnhﬁedA Windowpane Winter Flounder 1 Wryﬁouth
1990 : 0 700,000 o 40,400,000 520,479,242 ’
oot ..... : oo
e SR e s oo e 242 e
1993 L 0 6300000 20200000 62,666,462
iy e — e e D s g I PP g
s | : L s o e e e B
1996 Tlooooo ¢ 500,000 P 3300000 ¢ Tasz00000 L mzwoocs o
T2 1 X S 4400000 34200000 ¢ 199,800,000
1998 0 i se@o0 . 594000 . 19,390,000 T 138,521,000 0
Mean : 11,111 128,444 6,488,222 25,726,667 244,035.113 1,11
. )28 S L8 fsaseo” o sogn - B e
500,000 36,800,000 46,200, 000'" T  so0, 030, 734””“ 100,000
5 , 174876 U nsaoz L pee226 0 astaeniss . 33am
V;I."Vclst'z-\‘l”m © 100000 LIS6000 i 58394000 231540000 2,196,316,020 100,000

NA=Not sampled.

0=Sampled, but none collected.
Mon Feb 11 07:56:41 MST 2002 Raw.losses. ENTRATNMENT; Plant:seabrook.90.98;
PATHNAME.:P:/Intake/Seabrook-Pilgrim/Science/scode/seabrook/tables.output.90.98.no.mussel/raw.losses.ent. seabrook.90.98 csv
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§ 316(b} Case Studies, Part G: Seabrook and Pilgrim Chnpfer G3: Evaluation of I&E Data

 Table 63 7: Annual Enfr*ammenf at Seabrook By Specms Expressed as Age 1 Equlvalem‘s

Americn;ﬂ? American { Aflantic | Aflantic | Atlantic | ! Fourbeard | :
Plaice : Sand [,{ET',SE ;Atlanﬂc Cod : i H?F!',‘,“,S Maf,lfe,,r?!,,,5,,,M,f,"h'_"‘fl_f? zBlueﬂsh-Butterﬂsh Cunner Rockling . Grubby Lumpfish

199 137 0 L1682 2041 . 2188 38
1991 : 628 §1||2394§ 3,509 1,458 . 3,061 2l

257980? 553,743 10 2,063
02 46,849 :5402939§ 3,195

o = oQo’

1992 T B 539795 U2 e aeis L se 0 54207 | 340022 . 5574
R B O T AL & Dt 22T 3"543"256“7 ______ o
o ,A.,é.,,247530_ o b e B 20 ‘

1995 i ioes i agazis ¢ sae3 ¢ 32656 L

od T S e e T e E. A S S R By
1997 ste E Taotan P 1ees L etas b 0 i 046 D029 31
1998 ¢ o4 "““'{'4”‘117972’ 5302 "5;““27717'”5“ o Usaeel | imieso o aMLs07 L 673

Mean £167 1 397513 0 2330 0 13900 1,058 18 I 27 D 184427 | 165,150 § 252,098 1 5,014

St

Minimem = 8 ¢ o . 9 i 22 i 0 0 o 0 . 192 0 337
Maximum 3,281 1 |12 394 s, 463 1 32656 1 3,06l 59 178 11237732 553,743 402,989 : 11,358
SD } 1045 304636 D 1987 . 12671 105 19 60 % 403,080 174,661 130,132 i 4015

Toal 10501 ¢ 3577615 : 20969 : 125103 i 9518 : 166 D242 iesomar 1486353 (2268880 45127

0=Sampled, but none collected.
Fri Feb 08 09:49:51 MST 2002 ;Results; E Plant: seabrock.90.98 ; Units: equivalent.sums Pathname: P: /lntake/Seabrook—
Pilgrim/Science/scode/seabrook/tables.output.90.98.no.mussel/E .equivalent.sums.seabrook.90.98 csv
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§ 316(b) Case Sfudles Part 6: Seabrook and Pllgrlm

Chup1er' 63: Evaluahon of IAE Data

Table 63 7 Annual Enfr'a|nm¢n1’ af Seabr'ook By .Spemes Expressed as Age 1 Eqmvolen*s (conf )

Year T:;;:';;T ; ‘P llock l;li‘:;;d Rambow Smelt Red Hake Ruck Gunnel Sculpln Spp Searobm Tautog Windowpane F‘lﬁ::ltde:r
1990 e 209200 0 o0 35 19939 71318
o g e e TR ,‘.,_._},.2,.3.7‘.,7.%‘ T i e T
1992 0 93,77"6 """ 6416266 0 0 | 4958 | 56990
1993 ¢ 0 17,050 807,345 0 0 &M i 18359
1994 g 1,558,034 To o e T e
1995 2 70006 2209575 o 0 | 9804 1 64212
Toos ¢ 73 AT hosmT T g s 4787413 a6775 Co0m 26 15340 197222
] [ R I et B
1998 : 0 29 ¢ 145097 ¢ 208312 . 117 | 2389740 53252 ¢ o | o | smsumf 83,990
Mean 782 © 144945 7,730 L3621 3217922 29,405 227 7 10,317 L 78,046
P A IR e R i 00 ‘‘‘‘‘ T e
Mammum“f”w‘7034”'“”;” 20 ¢ a2l 2983 s 0 75 s30T 2044 3 23,585 197222
S B 45 9 """ 132,345 """"" 1220 571 "'f"'2"'489 s Cser L el 13 17139
Total 703 64 1304505 ¢ 69571 3258 28961298 264641 : 2044 | 64 02851

0=Sampled, but none collected
Fri Feb 08 09:49:51 MST 2002 ;Rcsults; E Plant: seabrook.90.98 ; Units: equivalent.sums Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/seabrook/tables.output.90.98.no.mussel/E equivalent. sums. seabrook.90.98.csv
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§ 316(b) Case. S’rud1es Part G Seubrook und Pllgrlm ' Chapter 63; Evaluation of I&E Data

Table 63- 8 Annuai Enfr‘amment of Flshery Spec:es at Seabrook Expressed as Yleld Losf 10 Flsherles (ln pounds)

Amencan Atlanhc Atlantlc § Atlannc : Atlantlc H Butter ‘Rambow Red Sen : Window- Winter

Year . Plaice | Cod . Herring .Mackerel‘ Menhaden;m“emh: Mish :Cunner POIIOCk. Smelt ;| Hake robm Tautogé _ pane fFlounder

THEE 13 ; L1630 100 © 196 39 9 i 1470 | 22481
: 3|4 43 ooz
‘ 17965

1990 16 0 551 283 303 |
ol Y i','i‘iw“:f' e R
992 137 ¢ 398 | 1,980 265
1993 el 370 . 3879 | 66 :
oni 1340 o R
1995 i 228 1788 | 4526 43 i 3

1996 ¢ 376 ass ims 7
1997 208 | 554 . 849 16 . 3
1998 © 104 | 1765 . 3842 . 23 8
Mean 134 & 763 . 1927 146 6

~1
o@o
oo
oo
(=Tl S I
(¥S)
=
=)

02 : 131 ;762170”'
o i1 1719 16990
: : 01 6l2 26476

10 58 . 65 i 11 8 761 24,602

Mmlmuméwl 3 . 4 . 0 i 0o : 0 i o0 I ) o - 0 : 24 : 2
Maxunum 376 1,788 | 4526 ¢ 423 © 20 3 43 223 272 102 39 L 1,739 1 62,170

3. 92 102 | 34 15 571 18168

SD 120 | 6s1 1756 153 © 7
3 . 521 s8I 1021 71 i 6845 221,419

Total | 1202 6864 17339 . 1316 : ST . 3

0= Samp]ed but none collectcd.
Fri Feb 08 09:50:03 MST 2002 ;Results; E Plant: seabrock.90.98 ; Units: yield Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scade/seabrook/tables.output.90.98 no.mussel/E.yield.seabrook.90.98.csv

T —
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§ 316(b) Case Studies, Par1 G: Seubrook and P||gr|m Chapter G3: Evaluation of I&E Data

Table 63 9 Annual En'rr-mnmen'r nf Senbrook By Specnes Expressed as Produchon Foregone (m pounds)

| American : American | Atlantic ! Atlantlc i Atlantic i Atlantic :Butterﬂshi Cunner g Fourbeard Grnbby Lumpfsh‘ Northern

Y : : : : : .
£ar Plaice : Sand Lance_‘_‘i Cod ~ H,e,",',“g,,,,, i Mackerg} B ,,,i,@f’l‘,‘,",d en i : Rockling o Pipefish

1990‘ 827 3,789 D oass2 0 131700 0 0 9946 0
B T a8 e e e o T
1992 5788 3ns 1300 33,503 26,869 0
1993 340 s o 437”” 24462 57172
T SO B S e : = R 8686“3 e

1995 13230 542 : _ ; [ 835 130844 23863 e
19% Cses0 oo T e T e ase 971‘:5"51 645 S e
1997 . Taas 2o1|4 021353 T 7240 22,69 102 . o

LB * ‘ oz e e U0 e azer o anass o
Mean 1 193 . 14937 . 44 - 5632 1,830 ©8 04 3256 393 124840 ; 24655 30

M S L e D R U R K s -
Maximum| 595 41799 ¢ 1031 | 13230 . 5286 Css U s a0 39,707 5‘57172 28
sp ¢ es 1 11447 3 ey e T [T A AT A 4151 12822 : 19865 89
Toal | 1736 134433 | 3974 L soe84 16470_7_1~~ 37 29304 35380 23, Ss7: 221,893 | 268

0=Sampled, but nonc collccted
Fri Feb 08 09:49:58 MST 2002 ;Results; E Plant: seabrook.90.98 ; Units: annual.pred.forg Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/scabrook/tables.output.90.98.no.mussel/E.annual.prod. forg seabrook.90.98.csv
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§ 316(b) Case Studies, Part 6: Seabrack and Pilgrim

Year

Rainbow

Smelt

Chapter G3: Evaluation of T&E Data

Red Hake Rock Gunnel ;Sculpin Spp.z Searobin

Tautog Windowpane

Table 63-9: Annual Entrainment ot Seabrook, By Species, Expressed as Production Foregone (in pounds) (cont.)
© Radiated : ' ' : ' '
Shanny

Winter
Flounder

1990
1991
1992
1993
1994

1995 :
1996
e e
1998 14229

1,838

62,446

2972435 |

16,086,117

_________________ ;mil",'z"i'z",élié' DB
L1,623287

38,975

=

oo oD

(=]

50,876

45800

1,302,172

.............................................................................................................

Mean 3,435
Minimum 459

Maximum

SD 4255
Total © 30914

0=Sampled, but none collected.

14229

439

4324

1356

985
0

3790
1,559
8,867

Lo5,022714

6,245

212129043
7,925,069
L 45204425 |

79348

35,278
0

27,295
317,506

26076 279

Fri Feb 08 09:49:58 MST 2002 ;Results; E Plant: seabrook.90.98 ; Units: annual.prod.forg Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/seabrook/tables.output.90.98 .no.mussel/E.annual.prod. forg seabrook.90.98.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim . Chqpfe.r 63: Evaluation of I&F Data

' Tuble 63- 10 ~Annual Impmgernenf (number's of orga_msrns) at Pllgr‘lm By Specues as Estimated by the Facility

{ American | Atlantic | Atlantic : Atlantic : Aflantic : Adantic : Atlantic | Bay | Black :Black Sea: Bilue | Blucback
iSandLance! Cod : Herring : Mackerel | Menhaden i Moonfish : Silverside ; Anchovy | Ruff ! Bass Mussel. Herring
LNA_ D MA . NA T ONA : : : f NA . NA

Year Alewﬂ‘e Amertcan Fel:

NA

...........................

s

Nel
el
3]
1
L
=)
—_
ad
iy
oo e!

—
ko

SH<N
oioicioial

16,153
i sgl4
D596
REEIT
U587
Css

....................................

—
tND

Mean ¢ 3,250
Mmlmum 131 E
Max1mum 26 972 :

o~loioooiocioio:

‘s n|sioie

—
{8

L

231735 0 10 o

Total {35,750 ¢ w186 1 2518 1 91,117 50 482,”__77;77"#290
NA= Not sampled.

0=Sampled, but none collected.

Mon Feb 1§ 08:24:29 MST 2002 Raw.losses. IMPINGEMENT; Plant:pilgrim.74.99;

PATHNAME:P:/Intake/Seabrook-Pilgrim/Science/scode/pilgrim/tables.output. 74.99.no.mussel/raw.losses.imp.pilgrim.74.99.csv

b
]
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5 316(b) Case Studies, Part G: Senbrook and Pllgrlm Chnp1er G3: Evoluahon of I&E Data

Table 63 10 Annual Impmgemenf (nurnber's of organlsms) at Prlgr'lm By Speaes as Eshmafed by fhe Fac«llfy (conf )

;;(;ar - Blue- Butterr- ' Cunn erl Flying :Fourbeard:  Gru by
¢ fish E fish Gurnard Rocklmg choker Skate fish ngﬁsh Plpeﬁsh ¢ Puffer ,Fl,le,ﬁ,sh,,,, side |

NA NA

. Hog- : Little : Lump--Northern Northern ; Northern ;| Orange  Pearl- : Planchead : : Radiated
: Pollock
Filefish Shanny

1974
1975

R 1 O T P .. G PO O S D SO P R

.
™
(3]
=]
=]

=

o Leor 210

0 oo

'
=

—

~
m
L

oo

....................................

oieio
cioociooo:

................................................................................

~J

....................................................

T20974 7 304770 o AN Te07 SL

NA=Not sampled.
0=Sampled, but none collected.

Mon Feb 11 08:24:29 MST 2002 Raw.losses. IMPINGEMENT; Plant:pilgrim.74.99;
PATHNAME:P:/Intake/Seabrook-Pilgrim/Science/scode/pilgrim/tables.ontput. 74.99.no.musscl/raw losscs.imp. pilgnm.74.9%.csv
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5 316(b) Case Studies, Part & Seabrook and Pllgrlm Chap’rer G3: Evuluahon of I&E Data

Table 63-10: Annual Implngemenf (nurn_be_rs of organlsms) at P||gr|rn By Specles as Estimated by the Facmfy (cont.)

Year ' Rambow Smelt :Red Hake: Rock € Gunﬁel Round Scad Scurliuvnrgbp : Scup : Searobin : Silver Rag  Smooth Dogfish | Spiny Dogfish
lora o NAL i N - % : ;
1975 7 NA

1987 682D ONAL D UNAL P UNALEUNAL L NA

LI N T

o
N=1
.\oi
[\
<
fo

S g

o000

c oo o oo

............................................................................................................

Mean
Mmlmum '

Maximum

o

—
IND

o\‘
‘m:

....................................................................................................................................................................................

—
o

NA=Not sampled.
0=Sampled, but none collected.

Mon Feb 11 08:24:29 MST 2002 Raw losses. IMPINGEMENT; Plant:pilgrim.74.99;
PATHNAME:P:/Intake/Seabrook-Pilgrim/Science/scode/pilgrim/tables.output. 74.99.no.mussel/raw losses.imp. pilgrim. 74.99.csv
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§ 316(b) Case Studies, Part 6: Seabroak and Pilgrim

Chapter 63: Eveluation of I&E Data

_ Table 63-10: Annual Impingement (numbers of organisms) at Pilgrim, By Species, as Estimated by the Facility (cont.)

Striped Bass ; Striped Cusk Eel | Killifish Striped : Tautog | Threespine Sticklehack  Unidentified . White Perch _Windowpane ; Winter Flounder

Year i Spot

1974 NA L NA NA AL S LNA L NA L34 NA LU NA NA L
CNA L NAL P NA L i G NA o NA ;

. NA . é LONAL L NAL
LNA U NA L 1 R
© NA P NA
N
. NA . NA. ‘
B B v
NA LU NAL

NA=Not sampled.
0=Sampled, but none collccted.

Mon Feb 1 08:24:29 MST 2002 Raw.losses. IMPINGEMENT,; Plant:pilgrim.74.99;
PATHNAME:P:/Intake/Scabrook-Pilgrim/Science/scode/pilgrim/tables.output.74.99.no.mussel/raw . losses.imp. piigrim.74.99.csv

(G3-36


http:Plant:pilgrim.74.99

§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chqpfer 63: Evaluuhon of I&E Data

Table 63-11: Annual Implngemenf at Pllgrlm By Spectes Exprzssed as Age 1 Equwulenfs
American © Atlantic . Aflantic : Atlantic | Atlantic | Atlantic | Bay |  Blueback
. SandLance :  Cod | Herring | Mackerel | Menhaden :  Silverside | Anchovy :  Herring
6,070 ;V__WNA NA ? ; NA : NA i NA NA

L NA O NA_© NACUUNA NA e UNAT T NATTTTTT AT NA T TTNATT
NAT N TN ‘

,,,,,, NA L UNAL D ONALL NA L UNA
NA | NA I NA NA . 4920 i NA | NA  NA
AT NA A e e B AR
NA T NA Bl e s
Na T ta R /oA -
R S e /W B R T T e e Rt/ B B
NA T R R R it S -
R B T L
A A B e Tt/ it o/ Skt
R RA R 1 B g e
R NA
Ra N

oNANALNAL L

Year Alewn‘e

e R
O e
RS v e
4014 . 7R2 63 L1271
2412 8eds 87 623
T | ;
T T e T S
D e e S s (e
128 g3
B T |
B R
1',20'9" 10606 0
49318 0 24,843
T 6,165 : 70,842 T 703
"""""" 333 040

iz
>

2,146
________ IS
R
1,394
R
188 163

399 411
0 47

R =T

o
=H
¥,

e

=H=F

,,,,,,,,,

s
(33
~J
s ococ oo

P
S
o

. 265 : o
. 1,060 : 0 . 559 8l
Mean 74343 2T 0300 B8
104 559 . 52439 49318 149922 087 144l . 19 2146 2,345
153 19436 5212 34508 . 32 507 e a6 660
Total 47,775 3015 ¢ 106027"' C 2R el653  ©ale®d2 U182 7027 U190 3087 1 4524
Note: lmpmgement Iosses expresscd as age 1 equivalents arc larger than raw losses (the actual number of organisms impinged). This is because the ages of impinged individuals are
assumed to be distributed across the interval between the start of year | and the start of year 2, and then the losses are normalized back to the start of year 1 by accounting for mortality
during this interval (for details, see description of $*) in Chapter A2, Equation 4 and Equation 5). This type of adjustment is applied to all raw foss records, but the effect is not readily
apparent among entrainment losscs because the majority of entrained fish are younger than age 1.
NA=Not sampled.
0=Sampled, but none collected.
Mon Feb 11 10:06:07 MST 2002 ;Results; [ Plant: pilgrim.74.99 ; Units: equivalent.sums Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scadefpilgrim/tables output. 74 99 no.mussel/.equivalent. sums_pilgrim. 74.99 csv

suloie e
~J
=
(V8

[=RN] %

D
IND

wn

=%
T
1R
ey
c‘
¢
ﬂ\
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§ 316(b) Case Studies, Part G: Seabr'ook and Pulgnm Chapter &3: Evaluation of I&E Data

Tublc 63-11: Annudlﬂfmpmgemenf at Pulgrlm By Specms Expr‘zsscd as Agc 1 Equwnlents (conf )

U © Little Northern Radiated | Rainbow
;F?rubby ] Hugchoker | Skate Lumpfish | Pipefish _ :Poll ck  Shanny Smelt

NA
NA
_NA
NA
NA

" NA
NA
N
NA
NA
NA L NA G
NN

Fourbeard
Rockling

Year

Red Hake Rock Gunnel : Sculpm Spp ; Scup

0
0

............................................................................................................................

cie

11,383

1,182 ¢ : i 83,153

Note: Impmgemcnt losses expressed as age | equwalcnts are larger than raw losses (the actual number of orgamsms 1mplnged) This is because the ageq of 1mpmged individuals arc
assumed to be distributed across the interval between the start of year 1 and the start f year 2, and then the losses are normalized back to the start of year 1 by accounting for mortality
during this intcrval (for details, see description of $*j in Chapter A2, Equation 4 and Equation 5). This type of adjustment is applied to all raw loss records, but the effect is not readily
apparent among entrainment losses because the majority of entrained fish are younger than age 1.

NA=Not sampled.

0=Sampled, but none collected.

Mon Feb 11 10:06:07 MST 2002 ;Results; [ Plant: pilgrim.74, 99 Units: equivalent.sums Pathname: P:/Intake/Scabrook-

PilgrinvScience/scode/pilgrim/tables.output. 74.99.no.mussel/T.equivalent. sums. pilgrim.74.99.csv

..............................................................................................................................................................
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§ 316(b) Case Studies, Part 6: Seabrook and Pilgeim

Chapfer G3: Evalucmon of I4E Data

Threespme

Table 63 -11: 7Annua| Implngemenf at Pulgnm By 5pecues Exprzsszd as Age 1 Equwulen?s (com )
: ; ; : White

Winter

, ‘Year 7 ?enfobin ; Strlped ?ass 3 Stf‘?_e,(,l_,,m,hr th e ,Téu“,]g, 7 Stickleback  Perch WIndowpane Flounder
1974 ol NA o NA 8 NA 0 NAL NA Lo NAL NA G NA
1975 o NA © . NA ' ' NA NA T CONA NA T """ TUNATTTT '
976 NA NA . NA NA F NA . NA
1977 NA NA NA NA NA 1 NA
io78 R R B
1979 . NA Na NA 0 NA - NA . NA
s R R G e 7 U
Topi | T A B R L e - S
1982 i NA CNACTTTTTTTTTNATT T T RAT NA NA
1983 © NA NA i : NA NA
osa o NA
198s  ©  NA
B
o W
e e
R Sy
1990 25
1991 150
1992 0
RS o
g i
ot g ‘

1996 i 0

1997 71

1998 .18 ? 3
1999 172 1 : 1,541
‘Mean Lo %0 13 LI 84 o L1440
Minimum o 0 0 33 °c 41 2
Maximum 172 256 a2 217 784 1643
SD e 78 122 78 217 i 3%

Toat i 693

B S X -

. 1177

S ‘_

2839 i 438

Note: Impmgemem Iosses expressed as age 1 equwalems are largcr than raw losses (the actual number of organisms impinged). This is bccausc the ages of'lmpmged
individuals are assumed to be distributed across the interval between the start of year 1 and the start of year 2, and then the losses are normalized back to the start of year |
by accounting for mortality during this interval (for details, see description of $%j in Chapter A2, Equation 4 and Equation 5). This type of adjustment is applied to all raw
loss records, but the effect is not readily apparent among entrainment losses because the majority of entrained fish are younger than age 1.

NA=Not sampled.
0=Sampled, but none collected.

Mon Feb 11 10:06:07 MST 2002 ;Results; T Plant: pilgrim.74.99 ; Units: equivalent.sums Pathname: P:/Intake/Seabrook-

Pilgrim/Science/scode/pilgrim/tables.output. 74.99 no.mussel/lequivalent.sums.pilgrim.74.99.csv
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§ 316(b) Case Studies, Part 6: Seabrook and P|Igr|m ' Chap?er G3: Evclluuhon of I4F Data

Table G3 120 Annual Impmgemenf of Fnshe.ry Specnes cn‘ Pligmm Expr‘essed as Yleld Losf fo F|sher'1es (m pounds)

00 = Lh N oo

153 21 0 22
ga 6 2 25
1995 BT/ I A T 23 o 440
S MR T e ot
e e g ; e e P
s s R T L il o
1999 5 183 ! 1 e 16,888
1.225 : 0 %L1
“““ S Y 7 T
......... D T &
A S P
14695 4 EIRIP

NA—Not sdmpled

0=Sampled, but none collected.
Mon Feb 11 10:06:21 MST 2002 ;Results; I Plant: pilgrim.74.99 ; Units: yield Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/pilgrim/tables.output.74.99.no.mussel/Lyield. pilgrim.74.99.csv
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§ 316(b) Case Studies, Part 6: Seabrock and Pllgr!m Chapter 63: Evaluation of I&E Data

 Table 63-12: Annual Impmgemenf of Fishery Specues at Pllgrlm Exp essed as Yaeld Losf to Flshenes (rn pounds) (conf )
 Year m"«flt—tﬁgkate 7 Vﬁ)llrocrk Rambow Smelt “Red Hake :
NA ¢ NA CONA N
e R
CONA
T -
NATT
S
R
A
NA |
3 A R o
. NA N

o
=]
oo
wh
L
=]
B
-
IR
EY
—_—
—
=l
[ ]
=2
[
wh

'Total o

NA=Not qampled

0=Sampled, but none collected.

Mon Feb 11 10:06:21 MST 2002 ;Results; I Plant: pilgrim.74.99 ; Units: yield Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/pilgrim/tables.output. 74.99.no.mussel/T.yield:pilgrim.74.99.csv
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Chapter 63: Evaluation of I&E Date

§ 316(b) Case Studies, Part G: Seabrook and Pilgrim

. Table 63 13 Annua1 Impmgeme.r.w'tnouf Pllgr'im By Specnes Expressed as Productlon For‘zgone (:n pounds)

American Allantlc Atlantic | Atlantic . Atlantic | Atlantic { Blueback | Blue- | Butter  Litfle | Lump-
: : Cunncr Grubby‘ Skate : fish

Year Alew1fe ;

Sand Lance | Cod | Herring : Mlckerel . Menhaden : Silverside ;Herrmg i fish | fish
H NA : : 1 I H ! H

wfoiw

o
aigio

Total | 1495
NA= Not samplcd
0=Sampled, but none collected.

Mon Feb 11 10:06:14 MST 2002 ;Results; [ Plant: pilgrim.74.99 ; Units: annual.prod.forg Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/pilgrim/tables.output.74.99.no.mussel/1.annual.prod. forg. pilgrim.74.99.csv

_.
A
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5 316(b) Case Studies, Part G: Seabrook and Pllgr'rrr\ Chapter G3: Evaluuﬂon of I&E Data

Table 63 13 Annual Impmgemem‘ a‘r P!Igrlm By Specves Expressed as Pr-oduchon Foregone (ln pounds) (conf )
R-mhowé Red . Rock Sculpin Striped Striped ;Taut0g§ White Wlndowpan;‘v ‘Winter
i Swmelt : Hake : Gummel : Spp. ..i.. Bass ¢ Killifish . Perch ¢ . Flounder
JNALLNALTNALL WAL ONANAL NA L NA NA L UNAL NA L NA
: N i n N WA R T NA R N
' NA  NA : NA NA. NA : NA | NA | '

Year Poll ‘Scup Searobin

1974
:1975:”"”"' _
1976 : . NA . NA . NA  NA
i NA | NA : NA ' NA  NA : NA ! NA I NA i NA | NA | NA
A T\ EE /A S/ B
TR TR A T R R T N T e CNA
R RV
NA . NA ‘
A A R,
NA = NA
NA  ONA ‘ ‘
S e T

oo

ORI WA W = e
s
N

—_

P
oo
[=x

’E._.u:
-y L
o u
S Pl

NIO — QO Of— Ol0 —~ Ol o o O
o~
s
i oe

N SRR L)

e e e 154
NA=Nat sampled.
0=Sampled, but none collected.

Mon Feb 11 10:06:14 MST 2002 ;Results; T Plant: pilgrim.74.99 ; Units: annual.prod.forg Pathname: P:/Intake/Seabrook-
Pilgrim/Scicnce/scode/pil grim/tables.output. 74.99.no.mussel/Lannual.prod.forg.pilgrim.74.99 csv

2, 549

w
—
—_

]

=

R

=2
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim

G3-44

Table 63-14: Annuol Entrainment (numbers of organtsms) at Pnlgmm B Spec

Yo Mot A ek anicci | peme | e
NA | 76,436,500

NA . 7,280,500
A ot B aiesn

Blue Mussel | Cunner

1974 19573300 NA . NA
1975 0 . NA ¢ NA
1976 12976 . NA . NA
T R e
1978 NA  NA . NA

1 2,208,700,000,000 | 1,177,600,000
117,600,000
1.177,600,000

13,378,883 316_
7,152,617,480
2,020915,711

© 103,892,540 | 28529199 NA
: , : : : 2471492 504095337 asasgre ‘
1982 | NA . NA NA 2805705 . 732857 ¢ 117,623,074 ?,“‘466937320 NA . NA
1983 1 NA T ONA L UNAD0ad1Bed | S8B03IS 159950204 209770 0 NA i NA o

468,840 4,751,607

1 : ; _ 593 ;”'1"'530435 1913359 781
1986 ¢ NA . NA . NA | 3824754 . 1,811,101 | 277,821,586 : :
A R /s psion ”;'"5142045'"?;””iindai"és's .............................................................................. 45‘66354‘5"1'3'”
1988 ” N ) 1,546,465,819

4,521,604, 135

1988  ° NA ~ NA - NA 3,001,273 | 639089 2667010057' ]E987 628
1989 0 NA . NA . NA i 3515162 . 9l1487 4739473407 15623972 :
1990 NA | 2386979 = 60886295 | 3972827 : 2079483 2318043, 737 10320759 1 NA 1,508,146,909
1991 1 NA § 3434141 | 23485288 3908395 1280273 : 545771347 | 6256434 : 691,736,018
1992 | NA "'§"'1‘2'555'ii‘é'ﬁ““ibé‘ﬁié“)éd Y 13,970,208 : NA T NA 2077452952
1993 NA 54,863,855 46668316 a7 200051 : | 7 3,250,567,317
"""""" | 6,286,118 : 458,829,894 © 5,023,831 ’ ’ : i . 1,568,239,739

' . 4163.622,052
L 2,824,542,922
1817924713

4.711,882.277

{137,446 . 35,506,522 33 719962"2 B : - 1,773,984,349
6,942,590 | 1034964861 | 81926445 | 1435668 | 5.073.066,666,670  2.714.603,689

e N

468,840 22,564,934 § 1,510,414 323,810 2 ,208, 700 000, 000 691,736,018

43247883 | A'iiééié'ébi" 959,648,788 | 2,436, 575" """ » 7__1;; 617,480

2,397,019
6,291,173
3485 288 1,715,237

T 23

! 458,829,894 | 21,839,372

Total 970,306 101,341,224 1, 242,210, 351 125,823,468 | 138,851,802 120,699, 297, 21701884, 108,240 | 4,307 005 | 2, 221, 900 000 000 62 415,884,855
NA=Not sampled.

0--Sampled, but none collected.

Mon Feb 11 08:24:30 MST 2002 Raw.losses. ENTRAINMENT; Plant.pilgrim.74.99;
PATHNAME:P:/Intake/Seabrook-Pilgrim/Science/scode/pilgrinvtables.output. 74.99.no.mussel/raw losses.ent pilgrim.74.99.csv
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§ 316(b) Case Sfudaes Part G: Seubrook and Pllgmm Chapter G3: Evaluation of T&E Data

Table 63 14 A""““' Emm'"meﬂf (numbers of orgamsrns) nt P|Igr~trn By Speme

o Fourheard 5 § Radmted Ramhow 5 Lo R W;ﬁter
Y : : ! i : :
ear ] BQS!‘_!!'Lg_,__,“LEl:T?rSh : Pollock  Shanmy | Smelt _VL 5, Taulug Wlndowpane. Flounder

1974 NA
G A SR A
B

1977 . NA i
1978 NA |
1979 . NA
1980 . NA ! :
It AN/ &
o T e

1049720000  NA 130,105,000
'521447103 NA 145400 .
£ 21,137,710 ¢

| 225,000,000

il 439 774
L 11,998,509
8314474
© 11,508,028

15221824

. 3526013

NA ‘
1 . NA , : j 5 : 5 : : 9.687.852
1990 161001461 = 7829710 | NA | 16056794  NA  NA 12268408 26003576 | 1,725,190 | 8720243 = 60919472 | 8678807
1991 141,180,985 ' 7257673 | NA | 14010361  NA | NA 37694011 44379096 | 2,501.103 ' 3849374  50,098443 : 1260583
1992 126,361 457 2222841 NA U 3014884 | NA NA 130028438 7409762 | 1389931 . 314,186 | 61,663,329 | 83811456
993 1 60326651 | 9340124 | NA 19514380 NA  NA 7455162 | 38339208 | 346609 . 4367,106 : 152933400‘5' 10,160,019
'”60933441”!“0,595602”"” - o 080,077 : 1321,569 73,781,569 : 20,701312
33524219 | 7828837 5 , | | 2522305 | 2376,502 | 42,663,536 i 13655283
2939000 " 4305000 { NA '32569.000 | NA 14,447,000 | 1497000 50775000 | 1213000 5319000 99739000 18648291
| 95461605 | 8, 196313"‘f""""iii}{'”""‘i'"12958 397 NA 502813510 97.510007 88316035 | 2824213 | 9763040 94240177 © 55373718
1998 140083704 | 830815 | NA i 35957121 | NA 62604501 15175912 4761167 | 918471 28756809 115833081 : 86,846,061

99 | NA . NA . NA i NA . NA Pna b T Na T Na T NA . NA | NA : 4680713
Mcan = 94752169 . 6.489.657 42751473 19,289,027 110,112,547 ;31,075 325 34332210 . 40.841,427 | 1970,043 7512870 = 3547445 & 30,900,375

Minimum 20396000 830 315 ] 2144710 £1208.397 ¢ 87242 4789498 f 7455162'"}" 7409762 918,471 ?1321569';'42663536 ,
- : v
! : 28,756,809 | 152,988,400 :

IO O PRt R ST AU St stuive OO oo : e -
: lO 595 60 972 000 35,957,121 ¢ ) 97 510007 : 88 316 035

i ; L T L BT T
jl 3,299,177 47I4,979§ 8,782,788 29178 718 : 22 049, 094 i 903,184 : 8,439,294 @ 35562535 @ 46, 599 404

......................................................................................................................................................................................................................................................................
5 i ¢

Total 848 269 ,523 | 58,406,915 (128,254 420 173,601,247 30 337 642 l55 376 623 308 989,894 367,572,839 17,730,386 : 67,615,829 : 751,927,007 : 710,708,630

NA*Not samplcd

0=Sampled, but none collected.

Mon Feb 11 08:24:30 MST 2002 Raw.losscs. ENTRAINMENT; Plant:pilgrim.74.99;
PATHNAME.P./Tuluke/Seabrook-Pilgrim/Science/scede/pilgrim/tables output. 74.99.no0.mussel/raw. losses ent. pilgrim. 74.99.csv

Maxnmum
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Table G3- 15 Annual Enfrumment at Pllgrlm By szues Expressed as Age 1 Equwalenfs

American American Snnd Atlantic Adlantic | Atlantic i Atlantic | Atlantic Cunner Fourbeard | | Lumofi h‘ Poll k'
_Plaice | Lance | Cod | Herring : Mackerel | Menhaden  Silverside """ | Rockling TP TON0
: : © 28754 . 1416

724,630 |

;46607352 NA© NA
421,665

q9ss NA . UNA 3463 i 4608 : 10,130 525 . NA 6m370 . NA . NA . NA
S e L L s S
S e e BT O S e BV S
1988 NA : NA 644 0 1863 11351 | 1430 . NA 320441 0 NA | NA  NA
i AR Sty SR B 1 e s S s S : :
1990 T T 1815806 3707 : 6063 : 9942 1546 NA
1991 © 67 i 700399 627 i 3733 ¢ i 439 ¢ NA
1992 L aar 3230530 149 11576

1993 1076 1391785 1067 | 6,120

83,611 1303 NA
714,005 © 1,208 . NA

....................................................

444 i NA %406666' 438229 370 . NA

: a4 672,052 | 211060 155 © NA
1994 _ ; 123 P 13,683,639 4511 i 47,678 1,336 . 301,560 . 1763 . NA
' 102 . 1630966 . 1455

710 160,693 27,017

66426 | 716 | Na
393940 1364 . NA
672366 138 . NA
| : : : ‘ ; : 5 . NA 0 NA i NA
Mean g : I § T 41L1g> . 1080 : 492
Minimum | g : : |416 K 222102 CMesol s w0
Minimum AT B B e T
4613 0R8ST3 ¢ 208,799 | 549 617

O O P PP

186422 i 15260 228505031 3,700,698 . 9718 | 1477

Maximum
SD

........................................................

133,179

NA=Not sampled.

0=Sampled, but none collected.
Mon Feb 11 10:06:01 MST 2002 ;Results; E Plant: pilgrim.74.99 ; Units: equivalent.sums Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/pilgrim/tables.output. 74.99 no.mussel/E.equivalent.sums pilgrim.74.99.csv
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 Year Radlated Shanny L Rmnbow Smelt i

3,938,972

Canas

1975 ..................... * .............. N R
1976 : NA
1977 : NA

1989 o NA
1990 1368852
T I R 194392
1992 09527
1993 "1”1663613""
199a 1136396
1995 1,380,229
1996 2776528
1997 Y 4711
1998 i 3065367

A
A

" NA

NA

‘_Red Hake Rock Gunnel

“NA

NA
NA
" NA
NA
o
TN
Ry

| 1.737.6%

5,338, 958

Cags3an

a 1331 138
. 4,744,249
13.811,262

2049508

NA

. Sculpin Spp.
NA

: NA
FoNA

L ONA
CUNA

467.819
798,421

. .]33 06 Sl T LI

689,744

913 47I

1588855 ¢

848 456

SE?,,"!?P!“
NA

~ NA

NA
CONA
. ONA

NA

NA

iONA

NA
NA
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" Table 63-15: Annual En?rnmmenf ot Pulgmm By Spemes Express;r; as Agé 1“Equwaienfs (com‘ )

Taumg

Wmdowpane

) ?”\’A\r/ﬁirlrlt;;[;’!ounderr

NA
NA

NA

NA
: NA

125
10,349

31,602

20,602

19467
23,927
" ONA

12737

731,769

e e, IR VR TSP TP VTSRO e

170 ,030

126,854

‘ 'i_no 909 T

182, 727

e

128815
98,949

:NA NA : ; [ ONA NA

Y T e T S o

NA NA NA L TNA T ETNA T NA T T
e R B e N

i N e e e R g 2T

72462
72170
73,003
70,569
163,886
136714
236,922

© 659.882

| ,I 66,820

Mean H 1,644,402
‘Minimom 1 !04 7
‘Maximum i >3 065 367
SD . 748,738

Toral i 14799615

NA=Not sampled.
0=Sampiled, but none collected.

: NA
I

PN

P NA

. 1,323,137

3,938972

2265383 L

3,969411

4 862,795
1 055 945
|3 R11 262

43, 765, 153

734 760

396,676
66l2 841

Ci33306
1,598,855

3,698

1,695

1724 154
6,506

8813

BRI/

1,346

l7 258 :

209 571
30 ]64

1,166,820

e

Mon Feb 11 10:06:01 MST 2002 ;Results; E Plant: pilgrim.74.99 ; Units: equivalent.sums Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/pilgrim/tables.output.74.99.no. mussel/E .cquivalent.sums.pilgrim.74.99.csv

33,282 1 7879 |

155,321
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T'able 63 16 Annuul Enfmmment of Flsheryv ép;CIes at Pllgrlrn Expr‘essed as Y|e|d Losf to Flshemes (|n pounds)

Year SEAtlantu: Atlantic 'Cunnerl Atlantic j. Atlantic i American | . Rainbow ;| Red . Sea- | Atlantlci

Pollock | autog | Winter
Cod Mackerel ¢ Herring | Menhaden Plaice . " Smelt jHake rohin ; Sllverﬂde ) g; pane  :  Flounder

1 230673

"367 g4
RIEL
P 66,062
‘ . : : 5 T 9500
5323 ; ; ! 324 f37210 2330 ¢ 367814

.... .............

© 3,770 16,950

?l03,056,_3;, 56,112 i 63, 5 P 2,168 0 29,700 1376 : 1,657 0 8,748 1,519,434

NA=Not sampled.
0-=Sampled, but none collected.

Mon Feb 11 10:06:17 MST 2002 ;Results; E Plant: pilgrim.74.99 ; Units: yield Pathname: P:/Intake/Seabrook-
Pitgrim/Science/scode/pilgrim/tables.output,74,99.no.mussel/E.yield.pilgrim.74.99.csv
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Table 63-17: Annual En'rrammenf at Pilgrim, By Specres Expressed as P u ion Foregone (in pounds)

Aﬁi,;;;-man. | American Sand Atlantic ~  Atlantic § Atlantic ~ Adande | Adantic f ' Fourbeard | :
‘ : : Cunner | { Lumpfish :

__Plaice i _Lance : Cod . Herring . Mackerel | Menhaden _ Silverside ... Rockling

Year Alewﬂ‘e

1974 - 3,498 | NA NA | NAa | NA : : ‘ ‘ ;
075 0 B S e e B R T
e Rt SR

ot o TRAT A
SO AN T R A
T T

1985 NA L ; §
1986 TNa T Rt :
1987 NA A E :
1988 NA P . S - T S S . NA Na NA
1989 NA T 13 . 4T NA NA ‘ NA NA
1990 68231 - 700 245 17208 : 2506 i NA . 67 6280 . NA
1994 , 26318 B 1512 : o + | NA ;_ 65 5821 © NA

© 28, 877'” .

1998 NA 4757
1999 NA 13,442
Mean Po1,166

Mlmmum e i

f s : -
|54618 15974 8498 146
C12652 1 5312 L 2646 | 76
¥ 1 i
430 2043890 16284 46846 178

3498 |25 514078 1076 51088 17208 | 72767
: 2,020 8 o v165 163 319 o 12 990 3 851_ 7 16 634 ,A
tool e ae U meaes asor | moser U aeain | iesn
NA=Not sampled. 7 ) i

0=Sampled, but none collected.

Mon Feb 11 10:06:10 MST 2002 ;Results; E Plant: pilgrim.74.99 ; Units: annual prod.forg Pathname: P:/Intake/Seabrook-
PilgrimvScience/scode/pilgrim/tables.output. 74.99.no.mussel/E.annual prod. forg pilgrim.74.99.csv

Ma:umum :
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-V!gar ' Radmted Shanny
1974 : NA |
1975 : NA

e T /Y

1979 . NA :
gy A S
O I
e
B R
198 . NA

__Rainbow Smelt ~

26 577

77

B
.

Bsﬂ..!l_a!ss._?.

NA

NA

NA

4653626 |
5794155

NA

2152223

.B9.°..'s...G!.'.m?f~'! ! Sculpin Spp. |
NA NA :

46,095
s8532 1 18I0
46,628 a6 1

1,576 67962 |
11,576 0 e

23470
35.250

47.153 ,flf .

Chapter G3: Evaluation of I&E Data

125
D
e
51,695
DL
52,080

144307
118,674
146,069
362,402

174,775
101,062
236264 ‘ ..

223 238
274 388

26,577

2876075 |

443 276

75794155

15,285

26782

NA=Not sampled.
0=Sampled, but none collected,

2,263,063 5

l4 380,377

37,245

96 398 90,006

........................... IR N

28804 | 40,359
335,206 367,323

Mon Feb |} 10:06:10 MST 2002 ;Results; E Plant: pilgrim.74.99 ; Units: annual.prod.forg Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/pilgrim/tables.output.74.99.no.mussel/E.annual . prod. forg.pilgrim.74.99.csv .
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63-7 SUMMARY AND COMPARISON OF I&E AT SEABROOK AND PILGRIM

The data presented in Sections G3-4 and G3-6 indicate that the fish species most often impinged at both Seabrook and Pilgrim
are fishery species. At Seabrook, the most frequently impinged fishery species are winter flounder, red hake and Atlantic
silverside. At Pilgrim, the most abundant fishery species in impingement collections are Atlantic silverside, Atlantic herring,
rainbow smelt, and Atlantic menhaden.

Entrainment rates at both facilities are several orders of magnitude higher than impingement rates. At Seabrook, the fish
species most frequently entrained include the fishery species Atlantic mackerel, winter flounder, and red hake. At Pilgrim, the
fishery species most frequently entrained include Atlantic mackerel and cunner. Entrainment losses of some forage fish are
also high at both facilities, including fourbeard rockling, lumpfish, and rock gunnel at Seabrook, and American sand lance,
fourbeard rockling, and lumpfish at Pilgrim.

The data presented in Sections G3-4 and G3-6 also indicate that I&E at Seabrook’s offshore intake is substantially lower than
I&E at Pilgrim’s nearshore intake. EPA compared age | equivalent losses for years when both facilities were operating,
including 1990-1993 and 1995-1998 (Seabrook was shut down during much of 1994 and so this year was not considered in
the comparison). Total losses averaged over these years for the 32 species that are either impinged or entrained at both
facilities indicate that impingement averages 68% less at Seabrook and entrainment averages 58% less,

G63-8 POTENTIAL BIASES AND UNCERTAINTIES IN I&E ESTIMATES

Pilgrim and Seabrook used different methods to estimate annual I&E, and therefore the 1&E estimates of the two facilities
may not be strictly comparable. In addition, Seabrook was shut down during parts of 1994 and 1997 (Normandeau
Associates, 1999). Table G3-18 outlines the main factors that should be taken into account in companng I&E losses at the
two facilities.

Table G3 18 anferences in Me*rhods Used by Piigrim and Seabrook to Estimate Annual I&E and Potential
Effects on EPA's Results

Estimation i’aramtem Pilgrim Seabrook Effect on Comparisgn of Facility Losses
Mesh size for entrainment 70,202 and 0.333 mm :0.505 mm 0
sampling istage | and 2 larvae were :No adjustment

; djusted for mesh extrusion

Flow used for density ;Desngn flow Lnkely to overestimate the difference between
calculations : the two facilities.

Entrainment sampling :2-6 times per month U

frequency O S AR
Impingement sampling ‘8 hours 3 times per week 2 to 3 times per U

frcquency : §wecl< :

Adjustment for day/mght Samplmg day and night ‘No sampling at mght Likely to underestimate the difference between
sampling : ‘and no adjustment the two facilities.

U = Uncertain (could underestimate or overestimate the difference between the two facilities)..
0 =No effect.

The effect of various mesh sizes seems 10 have been adjusted properly at each facility, so differences in mesh sizes appear
unimportant in comparing losses. At Pilgrim, mesh correction values were applied to both eggs and larvae to decrease the
effect of different mesh sizes (0.202 and 0.333 mm) on I&E estimates. In contrast, Seabrook did not apply mesh correction
values because a comparison of sampling efficiency with 0.505 mm and 0.333 mm mesh sizes in 1998 indicated that such a
correction was unnecessary. Seabrook found that the flow through each mesh size and the total volume sampled for each
mesh size were identical, and there were no significant differences in ichthyoplankton densities based on sampling with the
different mesh sizes (Normandeau Associates, 1999).

Another potentially important difference in methods concerns the flow volume used to calculate entrainment density.

Seabrook used the weekly cooling water volume measured during the week an entrainment sample was taken, whereas Pilgrim
used the full-load flow. Pilgrim used this value even if the station was out of service and less than full capacity was being
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circulated. Therefore, Pilgrim may have overestimated annual I&E losses, which would result in an overestimate of any
differences in loss rates between the two facilities.

Time of day of sampling may also affect estimates of losses. At Pilgrim, entrainment sampling was conducted at least once a
month at night, whereas prior to 1998 entrainment sampling at Seabrook took place only during the day. Diflerent sets of
organisms are susceptible to entrainment in the day and the night. Therefore, by sampling only during the day, Seabrook may
have underestimated entrainment, resulting in an underestimate of differences in I&E rates at the two facilities.

Entrainment sampling frequencies differed between Seabrook and Pilgrim, but the effect of sampling frequency on [&E has
never been studied. Therefore, the potential importance of various entrainment sampling frequencies on a comparison of
losses between Seabrook and Pilgrim is unknown.

Methods used to estimate annual impingement numbers also differed between the two facilities. Once or twice a week,
Seabrook collected all fish impinged on the traveling screens and summed the fish impinged in the individual screenwashes to
obtain yearly estimates. In contrast, Pilgrim collected impinged fish over an 8 hour period three times per week and estimated
hourly impingement rates-by dividing the numbers of fish impinged during the monitoring peried by the numbers of hours of
monitoring. These rates were then multiplied by 24 hours and 365 days to obtain annual impingement numbers. The effect of
these differences in collection methods is uncertain.
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Chapter G4: Baseline T&E Losses

Chapter G4:
Value of I&E Losses at the Seabrook

and Pilgrim Facilities Based on
Benefits Transfer Techniques

This chapter presents the results of EPA’s evaluation of
the economic losses associated with I&E at the Seabrook
and Pilgrim facilities using benefits transfer technigues.
Section G4-1 provides an overview of the valuation
approach, Section G4-2 discusses the value of losses to
recreational fisheries, Section G4-3 discusses the value of
commercial fishery losses, Section G4-4 discusses values
of forage losses, Section G4-5 discusses nonuse values,
and Section G4-6 summarizes benefits transfer results,

G4-1 OVERVIEW OF VALUATION
APPROACH

I&E at Seabrook and Pilgrim affect recreational and
commercial fisheries as well as forage species that
contribute to the biomass of fishery species. EPA
evaluated all these species groups to capture the total
economic impact of I&E at Seabrook and Pilgrim.

Recreational fishery impacts are based on benefits transfer
methods, applying results from nonmarket valuation
studies. Commercial fishery impacts are based on

-

CHAPTER CONTENTS

I&E at Seabrook and Pilgrim.................

Ga-1 Overview of Valuation Approach -, ... ;. . . G4-1
G4-2 Economic Value of Average Annual Loses to
Recreational Fisheries Resulting from I&E at
Seabrook and Pilgrim Facilities ................ G4-7
G4-2.1 Economic Values of Recreational
Fishery Losses from the Consumer
Surplus Literature .. ............:.... G4-7
G4-2.2 Economic Values of Recreational Fishery
Losses at Seabrook and Pilgrim ........ G4-7
G4-3 Economic Value of Average Annual Commercial
Fishery Losses Resulting from I&E at.Seabrook
candPilgrim ..o G4-10
G4-4 Economic Value of Forage Fish Losses ......... G4-13
G4-4.1  Replacement Costof Fish . ... ... ... G4-15.
G4-4.2  Production Foregone Value of Forage
Fish .. ... G4-16
G4-5 Nonuse Values . ... .. ... ... ... ..... ... G4-18
G4-6 Summary of Mean Annual Economic Value of

commodity prices for the individual species. The economic value of forage species losses is determined by estimating the
replacement cost of these fish if they were to be restocked with hatchery fish, and by considering the foregone biomass
production of forage fish resulting from I&E losses and the consequential foregone production of commercial and recreational
species that use the forage species as a prey base. All of these methods are explained in further detail in Chapters AS and A9

of this document.

Many of the 1&E-impacted fish species at Seabrook and Pilgrim are harvested both recreationally and commercially. To
avoid double-counting the economic impacts of I&E on these species, EPA determined the proportion of total species

landings attributable to recreational and commercial fishing, and applied this proportion to the impacted fishery catch. For
example, if 30 percent of the landed numbers of one species are harvested commercially at a site, then 30 percent of the
estimated catch of I&E-impacted fish are assigned to the increase in commercial landings. The remaining 70 percent of the
estimated total landed number of I&E-impacted adult equivalents are assigned to the recreational landings.

The National Marine Fisheries Service (NMFS) provides both recreational and commercial fishery landings data by state. To
determine what proportions of total landings per state occur in the recreational or commercial fishery, EPA summed the
landings data for the recreational and commercial fishery, and then divided by each category to get the corresponding
percentage. The percentages applied in this analysis are presented in Table G4-1.
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Table 64-1: Percentages of Total Impacts in the Recreational and Commercial Fisheries
of Selected Species at Seabrook and Pilgrim Facilities

Fish Species Percent Impacts to Percent Impacts to
P Recreational Fishery | Commercial Fishery

Alewife 0 f 100

Atlantic menhade

Atlantic silversi

Bluefish

P ..................................................................................................................
G e 3713 ...............................
e a ......................... 0100 ...............................
e e, ........................ S B PR B
Rt ,,,,,,,,,,,,,,,, S N l e g
Scup ............................................................... e og
G ..................... 100 ................................. S
Smpedbass e I e ,,,,,,,,,,,,,,,,,,,,,, TR
Tautog ................................................................. e Gy
Whneperch ........................................................... 89 TR
Wmdowpane ......................... 3 ................................ -
Wi 4 ...... s S o W

Fri Feb 08 10:11:00 MST 2002 ; TableA:Percentages of total impacts occurring to the commercial and
recreational fisheries of selected species; Plant: seabrock.90.98 ; Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/seabrook/tables.output.90.98.no.mussel/TableA.Perc.of
total.impacts.seabrook.90.98.csv :

As discussed in Chapter AS of Part A of this document, the yield estimales presented in Chapter G3 represent the total pounds
of foregone yield for both the commercial and recreational catch combined. For the economic valuation discussed in this
chapter, Table G4-1 partitions total yield between commercial and recreational fisheries based on the landings in each fishery.
Becausc the economic evaluation of recreational yield is based on numbers of fish rather than pounds, foregone recrealional
yield was converted to numbers of fish. This conversion was based on the average weight of harvestable fish of each species. -
Tables G4-2 and G4-3 show these conversions for the Seabrook and Pilgrim impingement data presented in Chapter G3, and
Tables G4-4 and G4-5 displays the conversions for entrainment data. Note that the numbers of foregone recreational fish
harvested are typically lower than the numbers of age 1 equivalent losses, since the age of harvest of most fish is greater than
age 1.
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Table 64- 2- Summary of Seabr*ook's Mean Annual Impingemenf of Fisher'y Species

Species Impingement Agel Equlvulents Total Catch Total Yield | Commercial Catch Commercial Yleld Recreational | Recreational Yield

Count (#) g @ ‘ @ Eobsy ) i (bs) ! Catch(® (Ibs)
Alew:fe i 67 ' - ‘ : - 0 0
Atlantlchemng ............................. S - LOOUURRRCUUPIR. SRR . ......................... e e et e e e, 0 Do
Blucbackhemng .................. SO OSSP ROU ...................... .................................................... s e oy
Buﬂerfsh 0
Cud Atlantlc SO SO C O YU ST b T ........................................................... 1 ............. ............. o
Cunner .............................. e et e e e G T ................................. SRR A .............. e
L|ttle skate PR gy e e SRR UTSNOUO SR - : 0 :
MackerelA!lamlc ........................ FEU RS E AR et e e ......................... SRS e S ; B : 0 .............
Menhaden At]antlcr o 0 ‘ F
Po|lu<,k T T e G Sy
Rambowsme]t .................................................................................................................................................................. RO TUPRPS R 12 ................. RV
Redhake 0 0

: | o | R

Seambm . 0 . i 0 ..........
SIlVCl‘SldC Atlantlc ‘ i 0 77777 0 _________
Stnpcd bass ......................... ........................ et e B R o | lm
Taumg .................................... DTS SO SO UORUPOO POV P PPN SO SRR ........................ e = | 5 .
s e
Wlndowpane ................................. e TSy T ‘‘‘‘‘‘ 9 ............... S
Wmtcr ﬂounder ......................... ............................ | I BT 2,00.. B .2»51- -
Total e . 6465 - 8 519 R 396 1837 ]160 . 1548 . ixe 289 .

\\alexandna\projcct\INTAKE\Scabrook Pllgnm\Scnence\scode\seabrook\tab!es output.90.98 no.mussel\flowchart. IMP. NEW xls
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Chapter G4: Baseline I&E Losses

Table 64-3: Summary of Pilgrim’'s Mean Annual Impingement of Fishery Species

. Impingement Age 1 ! Commercial | Commercial Recreational Recreational

Species Count(#)  Equivalents(#y = o1 Catch @ - Total Yield (bs) . =0y | Yield (ibs) Cateh (%) Yield (Ibs)
Alewife 3,250 4,343 43 22 43 22 ‘ 0 0
Atlantic cod 252 302 ;‘ 52 3 99 ; 49 § 93 3 2

Blueback herring

Bluefish
Buttefﬁsh
Cunncr .
ﬁcrring, Atlantic
Little skafc 7

Menhaden, Atlantic R

pol _IOCk .............

Rainbow smelt

Red hake B

Scﬁb
Searobin
Silverside, Atlantic

Striped bass

Winter flounder

....................................... T T T P P E TR TP
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Table 64-4: Summor-y of Seabrook's Meun Annual Entrainment of Fishery Species

Speci Entrainment Agel

{ Commercial | Commercial | Recreational | Recreational
Count (#) | Equivalents (#) Total Catch (#) Totll Yield (Ihs)-

Catch(#®) | VYield(bs) | Catch(@® |  Yield (lbs)

Butterﬁsh
Cod At[antlc
Cunner j 35 403,667

Lntle skate - 0

Mackerel Atlantic 245,390,667

Menhaden Atlantlcu o ‘ - 301,556

PlalceAmencan .......................... 27435889 .................................

T ......... 660,390 ....................................

Rainboﬁi smelt - ”69,7778 7

T i 9315]889 ..............................

Searobin RN

Tautog T Y VR

Windowpane CUssmeeer L 10317 : : L P -
Winter flounder | 244035113 | 78046 19615 CPaae ssss 13 B 11221
Commercial and Recreatlona] 687,156, 949 ) 299,623 32736 ’ 29123 ....... o I5,276 11,168 ]7460 18,155
Species Total : : : : : % 3 :

\\alexandria\project\INTAKE\Seabrook- P|lgnm\Sc1ence\sc0de\seabmok\tab]es output.90.98 no.mussel\flowchart ENT.NEW, xis.
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Tuble 64-5: Summary of Pilgrim's Mean Annual Enframmenf of Fishery Species

E Age 1 Equivalents Total Yi;eliqri Commercial : Recre;t“l.;mal : Recreational
@) Total Catch (#) (ibs) éCommert:ial Catch (#)§ Yield (Ibs) § Catch () © Yield (ibs)

Alewife 323435 0 0 0 0 0 0 0

Gpecles Fntramment Count (#)

Atlontic mackerel 1034964861 | 6,659 | 1303 TSR 495 30 i s 439
Cunner U amaeosrs . 993s00 . 2068 4480 L se2 i 17999
Herring, Atlantic 6942590 20243 6284 2806

i} A

5 42,751,473
Rambow smelt o . ---10 112 547“ : l -»1 323!37
Red hake 31,075,325 1,545 ; : : :
G i 043,,, 3698 R e b . e e
Siiversidc,Atléntic” 1,435,668 5087 T e T T R S
Tatog nie 7512870 _ B 8"7'5”' et 242972 s 360 153 212
wmdowﬁane - 83,547,445 . 17258 T 681 T T T T Teaes Tt 192

Winter flounder 30900375 209571 i s2672 66062 . 15802 i 19819 . 36870 40,908
Total 0 aoeseisors 25250 20963 L 91099 ) 33654 MEW 45794
\\alexandna\pmJect\[NTAKE\Seabrook Pllgmﬁ\Scmnce\scode\pl gnm\tablcs output.74. 99\ﬂowchart ENT. NEW csv

G4-6



§ 316({b) Case Studies, Part 6: Seabrook and Pilgrim Chapter G4: Baseline I&E Losses

GA4-2 ECONOMIC VALUE OF AVERAGE ANNUAL LOSSES TO RECREATIONAL FISHERIES
RESULTING FROM I&E AT SEABROOK AND PILGRIM FACILITIES

64-2.1 Economic Values of Recreational Fishery Losses from the Consumer Surpius
Literature

There is a large literature that provides willingness-to-pay (WTP) values for increases in recreational catch rates. These
increases in value are benefits to the anglers, and are often referred to by economists as *“‘consumer surplus.” In applying this
literature to value I&E impacts, EPA focused on changes in consumer surplus per additional fish caught.

When using values from the existing literature as proxies for the value of a trip or fish at a site not studied, it is important to
select values for similar areas and species. Table G4-6 gives a sumiary of several studies that are closest to the Cape Cod
and Ipswich Bay.fisheries in the vicinity of the Seabrook and Pilgrim stations.

Table 64-6: Selected Valuation Studies for Estimating Changes in Catch Rates

Authors Study Location and Year Item Valued : Value Estimate ($2000)"
McConnell and  :Mid- and south Atlantic coast, :Catch rate increase of | fish per  INY flatfish $5.35
Strand (1994) ;anglers targeting specific :trip for NY® ‘NY small game fish $9.34

ispecies, 1988 : iNY bottom fish §2.54

Tudor et al. (2002)° EDelaware Estuary, 2001 ECatch rate increase of 1 fish per EDE weakfish $11.50
: E itrip : DE striped bass $18.14

; :DE bluefish $3.94

: ‘ : DE Flounder $3.92

Hicks et al. (1999) iMid-Atlantic coast, 1994 :Catch rate increase of | fish per  iNH and MA flatfish $5.29
:trip, from historical catch rates at ENH and MA small game fish  $3.69

: :all sites, for NH and MA ~ ° :NH and MA bottom fish $2.43

*The recreational WTP values reported in subsequent tables are incorrectly stated as being slightly less than the values reported
here. This indicates that the recreational losses in those tables arc moderately understated.

* Value was reported as “two month vatuc per angler for a half fish catch increase per trip.” From 1996 National Survey of
Fishing, Hunting and Wildlife-Associated Recreation (U.S. DO, 1997), the average saltwater angler takes 1.5 trips in a 2 month
peniod. Therefore, to convert to a | fish per trip” value, EPA divided the 2 month value by 1.5 trips and then multiplied it by
2, assuming the value of a fish was linear.

® See chapter BS of this document. These values were not applied in the analysis, but remain listed here for comparison.

McConnell and Strand (1994) estimated fishery values for the mid- and south Atlantic states using data from the NMFS
Survey. They created a random utility model of fishing behavior for nine states, the northernmost being New York. In this
model they specified four categories of fish: small gamefish (e.g., striped bass), flatfish (e.g., flounder), bottomfish (e.g.,
weakfish, spot, Atlantic croaker, perch), and big gamefish (e.g., shark). For each fish category, they estimated per angler
values for access to marine waters and for an increase in catch rates.

Tudor et al. (2002; see chapter BS of this document) applied a random utility model (RUM) to the recreational fishery
impacts associated with I&E in the Delaware Estuary. The methods, data, and results of the Tudor et al. (2002; see chapter
BS of this document) study are discussed in greater detail in Chapters A10 and B3 of this document. These values were not
applied in the Seabrook-Pilgrim analysis because the McConnell and Strand (1994) study is more geographically precise, but
they are listed here as a basis for comparison.

Hicks et al. (1999) used the same method as McConnell and Strand (1994) but estimated values for a day of fishing and an
increase in catch rates for the Atlantic states from Virginia north to Maine. Their estimates were generally lower than those of
McConnell and Strand (1994) and may serve as a lower bound for the values of fish.

G4-2.2 Economic Values of Recreational Fishery Losses at Seabrook and Pilgrim

EPA estimated the average annual economic value of Seabrook and Pilgrim I&E impacts to recreational fisheries using the
I&E estimates presented in Tables G4-2 through G4-5 and the economic values presented in Table G4-6. Because none of
the studies in Table G4-6 considered the region around Seabrook and Piigrim directly, EPA created a lower and upper value
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for New Hampshire and Massachusetts for each impacted recreational species, and then calculated a weighted average value
based on the proportion of landings from each state. Results are presented in Tables G4-7 through G4-10. The estimated total
losses at Seabrock to the recregtional fisheries range from $1,100 to $1,300 for impingement per year (Table G4-7), and from
$75,000 to $87,200 annually for entrainment (Table G4-8). The estimated losses at Pilgrim range from $1,500 to $2,100 for
impingement per year (Table G4-9), and from $287,900 to $408,800 annually for entrainment (Table G4-10).

Table G4-7: Average Annual Impingement of Recreational Fishery Species at Seabrook and
Associated Economic Values

Annual Loss in Recreational

¢ Loss to Recreational Recreational Value/Fish .
Species i Catch from Impingement ; : iValue from lmpl:ngement ($2000)
(number of fish) Low High Low High

Blueback herrin.

Cunner
Mackerel], Atlantic

Searobin .
Striped bass

Gl .................... 236 ..............................................................................................
Note: Numbers of fish are rounded here but not in calculations.
Fn Feb 08 10:11:06 MST 2002 ; TableB: recreational losses and value for selected species; Plant: seabrook.90.98 ; type: |
Pathname: P:/Intake/Seabrook-

Pilgrim/Science/scode/seabrook/tables.output.90.98.no.mussel/ TableB.rec.losses.seabrook.90.98.1.csv

Table 64-8: Average Annual Entrainment of Recreational Fishery Species at Seabrook and Associated
Economic Values

¢ Annual Loss in Recreational Value

Loss to Recreational Catch - -
(o8 coreationa £ Recreational Value/Fish from Entrainment (32000)

Species ; from Entrainment :
(number of fish) High

Bluefish : , {0 $8.56

£65,908

e At i T

Total : 17,460 : : Ts75.036 $87.200

Note: Numbers of fish are rounded hcre but not in calculations.
Fri Feb 08 10:11:15 MST 2002 ; TableB: recreational losses and value for selected species; Plant: seabrook.90.98 ; type: E Pathname:
P:/Intake/Seabrook-Pilgrim/Scicnce/scode/seabrook/tables.output.90.98.no. mussel/ TableB.rec. Josses.seabrook.90.98.E.csv
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Table G4-9: Average Annual Impingement of Recreational Fishery Species at Pilgrim and Associated
Economic Values

. : . : Annual Loss in Recreational
Loss to Recreational | Recreational Value/Fish | Value from Impingemeat

Species ;Catch from Ympingement : : - ($2008)
' (number of fish) : : ‘

High High

Atlantic cod

Wi flounde: :

T

$1,499 : $2,115

Note: Numbers of fish are rounded here but not in calculations.

Thu Feb 07 17:19:25 MST 2002 ; TableB: recreational [osses and value for selected species; Plant: pilgrim.74.99 ; type: 1
Pathname: P:/Intake/Seabrook-

Pilgrim/Science/scode/pilgrim/tables.output.74.99.no.mussel/TablcB.rcc.losses. pilgrim,74,99.Lesv

Table &4-10: Average Annual Entrainment of Recreational Fishery Speéies at Pilgrim .and Associated Economic

Values.
Loss to Recreational Catch Recreational Value/Fish Annuat Loss in Becreatio;ml Value
Spectes i from Entrainment ' from Entrg:nment ($2000)
(number of fish) High :

Atlantic cod

$287,897

Note: Numbers of fish are rounded here but not in caiculations.
Thu Feb 07 17:19:34 MST 2002 ; TableB: recreational losses and value for selected specics; Plant: pilgrim,74.99 ; type: E Pathname:
P:/Intake/Seabrook-Pilgrim/Science/scode/pilgrim/tables.output.74.99.no.mussel/TableB.rec.losses. pilgrim.74.99.E.csv
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&4-3 ECONOMIC VALUE OF AVERAGE ANNUAL COMMERCIAL FISHERY LOSSEsS
RESULTING FROM I&E AT SEABROOK AND PILGRIM

Values for commercial fishing losses are relatively
straightforward because commercially caught fish are a
commodity with a market price (blue mussel are not included in
EPA’s valuation of commercial fishery losses as discussed in
the accompanying box). Losses to commercial catch (pounds)
resulting from I&E at Seabrook are presented in Table G4-2
(for impingement) and Table G4-4 (for entrainment).
Commercial losses at Pilgrim are presented in Table G4-3 (for
impingement) and Table G4-5 (for entrainment). The market
value of foregone commercial yield at Seabrook is $978 for
impingement per year (Table G4-11), and $11,542 annually for
entrainment (Table G4-12). The market value of foregone
commercial yield at Pilgrim is $517 for impingement per year
(Table G4-13), and $30,787 annually for entrainment (Table
G4-14).

Recorded impingement and entrainment of blue mussel
at Seabrook and Pilgrim ranges from 2.2 trillion in
1974 10 15.1 trillion in 1975. Carresponding yield
ranges from 1.2 to 10.4 billion pounds. Based on a
commercial value in some parts of New England of
$0.24 per pound, these losses equate to $2.6 billion
annually. However, blue mussel in the area around
Seabrook and Pilgrim are considered a nuisance
species because they clog intake screens (Entergy
Nuclear Generation Company, 2000) and compete
with commercially desirable species, such as soft shell
clam (Mike Hickey, MA Division of Marine Fisheries,
personal communication, January 16, 2002). Asa
result, EPA did not consider blue mussel iosses in its
benefits analysis.

Table G4-11: Average Annual Impingement of Commercial Fishery Species at Seabrook and Associated
Economic Values

(1b of fish)

Loss to Commercial Catch from Impingement Commercial Value E_Annual Loss in Commercial Value

(b of fish) {rom Impingement ($2000)

...................................

..................................................................................................................

Rainbow smelt

Red hake

Silverside, Atlantic

g S g

.......................................................................................................

......................................................................................................

Fri Feb 08 10:11:07 MST 2002 ; TableC: commerical losses and value for selected species; Plant: seabrook.90.98 ; type: I Pathname:
P:/Intake/Seabrook-Pilgriny/Science/scode/seabrook/tables.output.90.98.no. mussel/TableC.comm.losses.seabrook.90.98 I.csv
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Table G4-12: Average Annual Entrainment of Commercial Fishery Species at Seabrook and
Associated Economic Values

" Loss to Commercial Catch ¢ Commercial Annual Loss in Commercial

Species from Entrainment : Value Value from Entrainment
(Ib of fish) " (boffishy ($2000)
Atlantic herring : 1,927 $0.05 $96
Butterfish ; 1 ' $0.47 81

Rainbow smelt .. 24 30.20 $5

Redhakc .................................. ............ e 5022 ............ .......................... Gy
Tamog OSSO SO oy et ,,,,,,,,,,,,,,,,,,,,,,,,,, o T
Wmdowpane ................................................... i iy T
s R 7,38] ........................... $1 P $10,185 .....................
Total R [1,168 U ............................. ,,,,,,,,,,,,,,, $“’542 ,,,,,,,,,,,,,,,,,,,,

Fri Feb 08 10:1}:16 MST 2002 ; TableC: commerical losses and value for selected species; Plant: seabrook.90.98 ; type: E
Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/seabrook/tables.output.90.98.no.mussel/TableC.comm.losses.seabrook.90.98.E.csv

Table 54-13: Average Annual Impingement of Commercial Fishery Species at Pilgrim and Associated Economic
Vaiues

Loss to Commercial Catch from Impingement Commercial Value :fAnnua] Loss in Commercial Value
: (1b of fish) : (1b of fish) : from Impingement (52000)

S

Atlantic cod :
Bluefish

Menhaden, Atlantic

Pou.(_’.é.k ..........................
Rainbow smelt

g G

Scup

...........................................................................................

Silverside, Atlantic

S S O P

. $12
108 : $1.38 ; $149
3,827 ‘ $517

Thu Feb 07 17:19:25 MST 2002 ; TableC: commerical losses and value for selected species; Plant: pilgrim.74.99 ; type: 1 Pathname:
P:/Intake/Seabrook-Pilgrim/Science/scode/pilgrim/tables.output.74.99.no.mussel/TableC.comm.losses.pilgrim.74.99 Lesv
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Table &4-14: Average Annual Entrainment of Commercial Fishery Species at Pilgrim and Associated
Economic Values

Loss to Commercial Catch from . . Annual Loss in Commercial
. : . :  Commercial Value .
Species : Entrainment : (Ib of fish) { Value from Entrainment
(I of fish) : (52000)

Atlantic cod

P:/Intake/Seabrook-Pilgrim/Science/scode/pilgrim/tables.cutput.74.99.no.mussel/TableC.comm.losses.pilgrim.74.99.E.csv

EPA has expressed changes to commercial activity thus far as changes from dockside market prices. However, to determine
the total economic impact from changes to the commercial fishery, EPA determined the losses experienced by producers
(watermen), wholesalers, retailers, and consumers.

The total social benefits (economic surplus) are greater than the increase in dockside landings, because the increased landings
by commercial fishermen contribute to economic surplus in each of a multi-tiered set of markets for commercial fish. The
total economic surptus impact thus is valued by examining the multi-tiered markets through which the landed fish are sold,
according to the methods and data detailed in Chapter A9.

The first step of the analysis involves a fishery-based assessment of I&E-related changes in commercial landings (pounds of
commercial species as sold dockside by commercial harvesters). The results of this dockside landings value step are described
above. The next steps then entail tracking the anticipated additional economic surplus generated as the landed fish pass from
dockside transactions to other wholesalers, retailers and, ultimately, consumners. The resulting total economic surplus

measures include producer surplus to the watermen who harvest the fish, as well as the rents and consumer surplus that accrue
to buyers and sellers in the sequence of market transactions that apply in the commercial fishery context. '

To estimate producer surplus from the landings values, EPA relied on empirical results from various researchers that can be
used to infer producer surplus for watermen based on gross revenues (landings times wholesale price). The economic
literature (Huppert, 1990; Rettig and McCarl, 1985) suggests that producer surplus values for commercial fishing ranges from
50 to 90 percent of the market value. In assessments of Great Lakes fisheries, an estimate of approximately 40% has been
derived as the relationship between gross revenues and the surpius of commercial fishermen (Cleland and Bishop, 1984,
Bishop, personal communication, 2602). For the purposes of this study, EPA believes producer surplus to watermen is
probably in the range of 40% to 70% of dockside landings values.

Producer surplus is one portion of the total economic surplus impacted by increased commercial stocks — the total benefits
are comprised of the economic surplus to producers, wholesalers, processors, retailers, and consumers. Primary empirical
research deriving *‘multi-market” welfare measures for commercial fisherics have estimated that surplus accruing te
commercial anglers amount 1o approximately 22% of the total surplus accruing to watermen, retailers and consumers
combined (Norton et al., 1983; Holt and Bishop, 2002). Thus, total economic surplus across the relevant commercial fisheries
multi-tiered markets can be estimated as approximately 4.5 times greater than producer surplus alone (given that producer
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surplus is roughly 22% of the total surplus generatéd). This relationship is applied in the case studies (o estimate total surplus
from the projected changes in commercial landings.

Applying this method, estimates of the economic loss to commercial fisheries resulling from I&E at Seabrook range from
31,800 to $3,100 per year for impingement and from $21,000 to $36,700 per year for entrainment. For [&E at Pilgrim,
estimates range from $900 to $1,600 per year for impingement and from $56,000 to $98,000 per year for entrainment.

G4-4 EcCONOMIC VALUE OF FORAGE FIsH LOssEs

Many species affected by 1&E are not commercially or recreationally fished. For the purposes in this study, EPA referred to
these species as forage fish. Forage fish are species that are prey for other species and are important components of aquatic
food webs. Based on the analysis of I&E data presented in Chapter G3, Table G4-15 summarizes impingement losses of
forage species at Seabrook and Table G4-16 summaries entrainment losses. Impingement of forage species at Pilgrim is
summarized in Table G4-17 and entrainment losses are summarized in Table G4-18. The following sections discuss the
economic valuation of these losses using two alternative valuation methods.

Table 64-15: Summary of Seabrook's Mean Annual Impingement of
Forage Species

Impingement : Age 1 Equivalents.  Production

Species Count (#) #) : Foregone (Ibs)

American sand lance 476 696 4

Foubsardrockling =~ 3 4 o
Gmbby i 1 156 ....... ‘ 1“8_ ............. VR
](,ulﬁsh S mped ..................................... R S “ ........................... G
LumpﬁSh ......................................... 39“ ........... e 1 L

* Northem pipefish 285 388

Rddld[cdshanny ..................................... 2 0‘ 24 ................................
Rockgunnel ............................... ......... S Sy ; 64 ............................................
Scu[pmspp BT * ............ 492* ............. 30 ..............
Threespmesuckleback N 171L R _ e
Forage specics total Caen T ases s

\alexandria\project\INTAKE\Seabrook-
Pilgrim\Science\scode\seabrook\tables.output.90.98 .no.mussel\flowchart. IMP. NEW .xls
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Table 64-16: Summary of Seabrook’s Mean Annual Entrainment of Forage

Species
Species Impiagement Age 1 Equivalents Production Foregone
Count () | ) ; {Ibs)

American sand lance L 13,329,111 397,513 14,937

%‘6&;&5&5}&}5&1’(;’;@ """"""""""""""" 58510333 | 15150 393
Grubby ............................................. R YE R e 24840 ...............
KJlllﬁshstrlped ........................................ e R R S
Lumpfish 31,862,889 soia LT 24655
Northem pipefish - ¢ lLil i 782 . 0
Radiated shanny . 1700222 © | 144945 0
Rockgunne] ....... 22719“1 ....... .......... S AP, 35278 ...............
Sculpmspp ............................... ........ 1634444 ............ 29405 ............ drreerereerennees 2897 .................
Threespine stickleback | o . [ o [ o
Forage species total . 143,779.999 | 4212828 . 107,049

\\alexandria\projec\INTAKFE\Seabrook-
Pilgrim\Science\scode\seabrook\tablies.output.90.98.no. mussel\flowchart. ENT.NEW xls

Table 64-17: Summary of Pilgrim's Mean Annual Impingement of Forage

Species
Species Impingement ?Age 1 Equivalentsg Production
Count (#) : (#) . Foregowe (lbs)
American sand lance 19 27 I 0
Bayanchovy ........................ ........... SO e FE N
Foubeardrockling . 2 . 2 g

Killifish striped

..............................................................................................................................

Lumpﬁsh

Northern pipefish

...............................................................................................................................................

Radiated shanny

\\alexandna\project\INTAKE\Seabrook-
Pilgrim\Science\scode\pilgrim\tables.output.74.99\flowchart. IMP.NEW csv
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Table 64-18: Summary Pilgrim's Mean Annual Entrainment of Forage Species

Species ! Entrainment Count (#) :Age 1 Equivalents (#) : Production Foregone (Ibs)
Amencan sand lance 138,023,372 4,116,258 i 87,207
Fourbeard rackling 94,252,169 411,189 1809
Lumpfsh ....................... e 6, L Ges e ; P o S35
Radlatedshanny ............ ]9289027 ............. | l,644,4021 .................. 5’053 ...................
B gunncl .................. 34332 S e 4,862,795 ................... 37,245 ...............
Sculpin spp. ' ; 40,841,427 ‘ 734,760 40,814
B S 333227 a ]1770483 ................. 177333 .............

\alexandna\proj ect\INTAK_E\Scabrook-
Pilgnm\Science\scode\pilgrimitables.output. 74.99\flowchart. ENT NEW .csv

G4-4.1 Replacement Cost of Fish

The replacement value of fish can be used in several instances. First, if a fish kill of a fishery species is mitigated by stocking
of hatchery fish, then losses to the commercial and recreational fisheries would be reduced, but fish replacement costs would
still be incurred and should be accounted for. Second, if the fish are not caught in the commercial or recreational fishery, but
are important as forage or bait, the replacement value can be used as a lower bound estimate of their value (it is a lower bound
because it would not consider how reduction in their stock may affect other species’ stocks). Third, where there are not
enough data to allow calculation of value losses to the recreational and commercial fisheries, replacement cost can be used as
a proxy for lost fishery values. Typically the consumer or producer surplus is greater than fish replacement costs, and
replacement costs typically omit problems associated with restocking programs (e.g., limiting genetic diversity).

The cost of replacing forage fish lost to I&E has two main compenents. The first component is the cost of raising the
replacement fish. Tables G4-19 and G4-20 display the replacement costs of some of the forage fish species known to be
impinged or entrained at Seabrook or Pilgrim. The costs are average costs to fish hatcheries across North America to produce
different species of fish for stocking (AFS, 1993). The second component of replacement cost is the transportation cost,
which includes costs associated with vehicles, personnel, fuel, water, chemicals, containers, and nets. The AFS (1993)
estimates these costs at approximately $1.13 per mile, but does not indicate how many fish (or how many pounds of fish) are
transported for this price. Lacking relevant data, EPA did not include the transportation costs in this valuation approach.

Tables G4-19 and G4-20 also presents the computed values of the annual average forage replacement cost losses at the two
facilities. The value of forage losses at Seabrook using the replacement cost method is $20 per year for impingement and
$5,600 per year for entrainment. Forage losses at Pilgrim are valued at $90 per year for impingement and $30,900 per year
for entrainment.

Table 64-19: Replacement Cost of Various Forage Fish Species at the Seabrook Facility.

. { Hatchery Costs ~® : Annual Cost of Replacing Forage Losses (52000)
Species : k T
(3/1b) : Impingement , Entrainment
American sand lance ‘ 0.34 $1 § $633
Fourbeard rockling :
Gmbby

Lumpﬁsh

..................................................... Y

Northemn pipefish

* Values are from AFS (1993), These ¢osts use the average value for all specnes listed in AFS (1993) since the species listed
are not included in AFS (1993).

* These values were inflated to $2000 from $1989, but this could be imprecise for current fish rearing and stocking costs.
ThuJan1711:32:33MST2002; TablcD:lossinselectedforagespecies;Plant:seabrook.90.98;type:IPathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/seabrook/tables.output.90.98.no.mussel/TablcD. forage.eco.ter.repl.seabrook.90.98.1.csv
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Table 6G4-20: Replacement Cost of Various Forage Fish Species at the Pilgrim Facility.

Speci Hatchery Costs *® Annual Cost of Replacing Forage Losses (32000)
pecies : : :

: ($/1b) : Impingement : Entrainment
American sand lance 0.34 : $0 : $6,557
Fourbeardrocklmg .............. G — $0 ........................... ..................... $563 ......................
Grubby ........................................... + ............. VR e R G
Lumpfish 0.34 s& s
Radiated shanny | 03 0
Rambowsmelt .............. 034 .......................... 585 ..............................................................................
Rockgunnel ................................... ,. ............. 034 ..................... 50 .......................... e L
Seul pm Spp ................................... + ............. 034 ............. .......................... $0 .......................... 4 .................... $ 1’0 | PR
Tom T $33- ___________________ $ 30939 ....................

® Values are from AFS (1993). These costs use the average value for all species listed in AFS (1993) since the species listed
are not included in AFS (1993).

® These values were inflated to $2000 from $1989, but this could be imprecise for current fish rearing and stocking costs.
Thulan1710:34:23MST2002;TableD:lossinselectedforagespecies; Plant;pilprim. 74.99;type: [Pathname:P:/Intake/Seabrook-
Pilgrim/Science/scode/pilgrim/tables.output. 74.99.no.mussel/TableD. forage.eco.ter.repl.pilgrim. 74.99 1.esv

' G4-4.2 Production Foregone Value of Forage Fish

This approach considers the foregone production of commercial and recreational fishery species resulting from I&E of forage
species based on estimates of trophic transfer efficiency, as discussed in Chapter A5 of Part A of this document. The
economic valuation of forage losses is based on the dollar value of the foregone fishery yield resulting from these losses.
Results for entrainment of forage species at Seabrook are presented in Table G4-21. Results for entrainment of forage species
at Pilgrim are presented in Table G4-22. The values listed are obtained from converting the forage species into species that
may be commercially or recreationally valued. The values range from $65,700 to $141,500 per year for entrainment at
Seabrook. For Pilgrim, the values range from $25,400 to $33,300 per year for entrainment. Impingement values were
negligible and thus are not discussed.

Note that the results using the production foregone approach indicate higher losses at Seabrook than at Pilgrim, even though
the replacement cost approach yields the opposite finding. This reflects the differences in the approaches, wherein
replacement costs reflect the number of fish lost, and the production foregone approach captures how the different mix of fish
losses may alter recreational and commercial biomass.
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Table 54-21: Mean Annuai Value of Production Foregone of Fishery Species Resulting from Entrainment of
Forage Species at Seabrook.

Annual Loss in Production Foregone Value

Species ' from Entrainment ol'Forage Species (32000)

Low : High
Atlantic herming
L
B\merﬁsh ............................................................................................................................................................................................
Cod Atlantic
Cunner
G S . B |
Menhaden Atlantic g2 $1,035
e Amencan ........................................................................... R chag T
e S G
Rambowsmclt ..................................................................... R R Gy
S R Gos” T
Tautog B e wag
Windowpane s’ s38
WmterﬂounderSl?_Z .................................................. G
B T $65690$]41520 .............................

Fri Feb 08 10:11:16 MST 2002 ; TableD: loss in selected forage species; Plant: seabrook.90.98 ; type: E Pathname:
P:/Intake/Seabrook-Pilgrim/Science/scode/seabrook/tables.output. 90.98.no.mussel/TableD . forage.eco.ter.repl.seabrook . 90.98.E.csv

Table 64-22: Mean Annual Vaiuve of Production Foregone of Fishery Species Resulting from Entrainment of -
Forage Species at Pilgrim

- i Annual Loss in Production Foregone Value from Entrainment
Species : of Forage Species ($2000)

Atlantic cod

Pollock ‘

R.ambow smelt

Total ' 5 $25.387 : $33.288

Thu Feb 07 17:19:35 MST 2002 ; TableD: loss in selected forage species; Plant: pilgrim.74.99 ; type: E Pathname:
P:/Intake/Seabrook-Pilgrim/Science/scode/pilgrim/tables.cutput.74.99.no.mussel/ TableD.forage.eco.ter.repl.pilgrim.74.99.E.csv
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64-5 NONUSE VALUES

Recreational consumer surplus and commercial impacts are only part of the total losses that the public realizes from [&E
impacts on fisheries. Nonuse or passive use impacts arise when individuals value environmental changes apart from any past,
present, or anticipated future use of the resource in question. Such passive use values have been categorized in several ways
in the economic literature, typically embracing the concepts of existence {stewardship) and bequest {intergenerational equity)
motives. Using a “rule of thumb” that nonuse impacts are at least equivalent to 50 percent of the recreational use impact (see
Chapter A9 in Part A of this document for further discussion), EPA estimated nonuse vaiues for baseline losses at Seabrook,
to range from $500 to $600 per year for impingement and from $37,500 to 343,600 per year for entrainment. At Pilgrim,
nonuse values for baseline losses range from $700 to $1,100 per year for impingement and from $143,900 to $204,400 per
year for entrainment.

G4-6 SUMMARY OF MEAN ANNUAL ECONOMIC VALUE OF I&E AT SEABROOK AND
PILGRIM

Tables G4-23 and G4-24 summarize the economic values associated with mean annual I&E at the Seabrook and Pilgrim
facilities. Total impacts at Seabrook range from $3,400 to $5,100 per year for impingement and from $139,100 to $309,100
per year for entrainment. Total impacts at Pilgrim range from $3,200 to $4,900 per year for impingement and from $513,200
to $744,400 per year for entrainment.

Table G4-23: Summary of Economic Valuation of Mean Annual I&E at Seabrook Facility ($2000).

: Impingement Entrainment Total
Commercial; Total Surplus (Direct Use, Market) : 31,778 $20,985 $22,763
: : 83,112 $36,724 ; $39,836

Production Foregone: 5 NA $65,690 $65,690
e T e
Replcement. e e iy Eap i e
Total (Com +Rec + Nomuse + Foragey  Low  $3423  s130019  sl2s42
| High 55074 . 5309058 . s3l4131

2 In calculating the total low values, the lower of the two forage valuation methods (production foregone and replacement)
was used and to calculate the total high values, the higher of the two forage valuation methods was used.

NA= Not included because values negligible.

Fri Feb 08 10:11:18 MST 2002 ; TableE.summary; Plant: seabrook.90.98 ; Pathname:
P:/Intake/Seabrook-Pilgrim/Science/scode/seabrook/tables.output.90.98 .no.mussel/TableE.summary.seabrook.90.98 .csv
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Table 64-24: Summary of Economic Valuation of Mean Annual I&E at Pilgrim Facility ($2000).

o _!Epingement Entrainment Total
Commercial: Total Surplus (Direct Use, Market): Low | $940 $55,976 L 856916
| High SL6A6 597958 | §99603
Recreational (Direct Use, Nonmarket) -~ Low . SL499  $287897 5289396
High - S211s 5408755 410869
Nonuse (Passive Use, Nonmarket)  Lew - M9 sa3ea 5144698
..... }{1gh31057$204377$205435
Forag (et Use Nommaka) T R
Production Forcgoncj}' LOW 7 - NA o $25,387 V 525‘403
CHigh N emaes 0 sl
Replacemen T T — T e
Total (Com + Rec + Nonuse + Foragef  + Low . 83276 . 8513200 $516,485
: CHigh 84905 5744377 549083

* In calculating the total low values, the lower of the two forage valuation methods (production foregone and replacement)
was used and to calculate the total high values, the higher of the two forage valuation methods was used.

NA= Not included because values negligible.

Thu Feb 07 17:19:36 MST 2002 ; TableE.summary; Plant: pilgrim.74.99 ; Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/pilgrim/tables.output.74.99.no.mussel/TableE.summary.pilgrim.74.99.csv
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Chapter G5: HRC Valuation of I&E Losses

Chapter 65: HRC Valuation of I&E

Losses at the

EPA applied the habitat replacement cost (HRC) method,
as described in Chapter A1l of Part A of this document, to
value the average annual losses to impingement and
entrainment (I&E) at the Pilgrim cooling water intake
structure (CWIS) (Seabrook was not evaluated because of
budget constraints). To summarize, the HRC method
identifies the habitat restoration actions that are most -
effective at replacing the species that suffer I&E losses at a
CWIS. Then, the HRC method determines the amount of
each restoration action that is required to offset fully the
I&E losses. Finally, the HRC method estimates the cost of
implementing the restoration actions, and uses this cost as
a proxy for the value of the I&E losses. Thus, the HRC
valuation method is based on the estimated cost to replace
the organisms lost because of I&E, where the replacement
is achieved through improvement or replacement of the
habitat upon which Lhe lost organisms depend. The HRC
method produces an estimated annualized total value of
$9.2 million, which is the cost of replacing the impinged
and entrained organisms through the restoration of
submerged aquatic vegetation (SAV), restoration of tidal
wellands, construction of artificial reefs, and installation of
fish passageways and monitoring to quantify the
productivity of these habitats.

The HRC method is a supply-side approach for valuing
1&E losses in contrast to the more typically used demand-
side valuation approaches (e.g., commercial and
recreational fishing impacts valuations discussed in
Chapter A9 of Part A of this document). An advantage of
the HRC method is that it can address, and value, losses
for all species, including those lacking a recreational or
commercial fishery (e.g., forage species). Further, the
HRC method explicitly recognizes and captures the
fundamental ecological relationships between those
species with I&E losses at a facility and their surrounding
environment, in contrast to tradilional replacement cost
methods such as fish stocking.

EPA used published data wherever possible to apply the

Pilgrim Facility
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HRC method to the I&E losses at the Pilgrim facility. If published data were lacking, EPA used unpublished data from
knowledgeable resource experts. In some cases, EPA used (and documented) the best professional judgment of these experts
to apply reasonable assumptions to their data. In these cases, EPA applied cost-reducing assumptions, but not beyond the
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Cost-reducing assumptions are identified throughout this chapter and were incorporated extensively. Most significantly, the
HRC valuation estimates for the 1&E losses at the Pilgrim facility implicitly assumes that the scale of restoration determined
for species for which data were available are sufficient to fully offset the losses for species for which no data was identified.
To the degree this assumption is inaccurate, the results incorporate a downward bias.

Sections G5-1 through G5-8 present the information, methods, assumptions, and conclusions that were used to complete the
HRC valuation of the 1&E losses at the Pilgrim facility following the eight steps described in Chapter All of Part A of this

document. Section G5-8 also presents additional detail on the valuation of the I&E losses at the Pilgrim facility, providing

separate annualized valuation estimates for the aqualic organisms lost to impingement and for those lost to entrainment.

65-1 STEP 1: QUANTIFY I&E LOSssEs

The Pilgrim facility has reported I&E losses of millions of aquatic organisms each year since it began using a once-through
CWIS. EPA evaluated all species known to be impinged and entrained by the Pilgrim facility, including commercial,
recreational, and forage fish species, based on information provided in facility I&E monitoring reports and detailed in Chapter
G3.

Of the 63 species of fish with reported I&E losses at the Pilgrim facility, EPA incorporated the 34 species that had losses
greater than 0.1 percent of the total impingement or total entrainment losses at the facility (the criterion for inclusion in the
Equivalent Adult Model [EAMY}) into the HRC analysis. The average annual age 1 equivalent losses from I&E at Pilgrim for
these 34 species from 1974 to 1999 calculated by the EAM (see Chapter G3 for additional descriptions of source data and
calculation of the age 1 equivalents) are presented in Table G5-1, in order of decreasing mean annual I&E losses (this
information is also presented in Tables G3-6 and G3-10).

In addition, quantitative estimates of blue mussel losses were available for a number of years in Pilgrim’s I&E menitoring
reports. The losses for blue mussels were quantified as age 1 equivalents using the same EAM model. The I&E losses for
blue mussels are also presented in Table G5-1.

Table 65-1: Mean Annual Age 1 Equivalent IAE Losses of Fishes at the Pilgrim Facility, 1974-1999

Species 5 Impingement Entrainment Total
Finfish
Rock gunnel i 77 _; 4,862,795 4,862,872
American sand fance 7 4116258 4116285
Rad]a[cdshanny54 .......................... e 1,644402 ............................... 1644456 ............
i 6885 ................... 1323,137 ............................... 1330022 ............
e o 4” .................... 993,500 ....................... 993,911 ..............
Seulpinspp. [ B - 734760 734773
Fowbeard rockling . 2 . alnige T aror
Wmterﬂounder1144 .................... 209571 ................................. 210’715 .............
Atlannchemng ........................ 8,836 ..................... 20,243 .................................... 29,079 ..............

..... et eeeetaaah e tey e eterTeessesenerame s RT e moAaaae g e mr et T ama et e et e e neyse et e e e et aa e et e ean o oeaeeamme s s ro e e r st ameaeerarror s cararaas
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Table 65-1: Mean Annual Age 1 Equivalent I&E Losses of Fishes at the Pilgrim Facility, 1974-1999
(cont.)

Species Impingement Entrainment Total
Blueback herring § 703 NA : 703

g O PN

Pollock

Bay anchovy
Striped bass :

e

Bluefish

Total age 1 eq. finfish losses 14,363,013 14,415,752

- Shellfish
Blue mussel 15 : 160,000,000,000  160,000,000,000°
Total age 1 eq. shellfish losses T s T 160,000,000,000 . 160,000,000,000°

* Rounded to nearest billion.

65-2 STEP 2: IDENTIFY HABITAT REQUIREMENTS

Determining the best course of action for restoring habitat Lo offset losses of species to I&E requires understanding the
specific habitat requirements for each species. Habitat requirements for fish may include physical habitat needs such as

substrate types and geographic locations as well as water quality needs and food sources. Chapter G3, Section G3-2, provides

a detailed summary of the habitat components needed for the critical lifestages of several of the species from among those
with high average annual I&E losses at the Pilgrim facility.

G65-3 STEP 3: IDENTIFY POTENTIAL HABITAT RESTORATION ALTERNATIVES TO
OFFseT I&E LOssEs

Local experts identified six types of projects that could be used near the Pilgrim facility to restore the same species of fish and
aquatic organisms lost to I&E at the Pilgrim facility:

* restore submerged aquatic vegetation (SAV)
* restore tidal wetlands

» create artificial reefs

* improve anadromous fish passage

»

improve water quality beyond current regulatory requirements
» reduce fishing pressures beyond current regulatory requirements.

Of the project categories listed above, the restoration of SAV and tidal wetlands, the creation of artificial reefs and the

improvement of anadromous fish passages provides benefits to the aguatic community that can be quantified in this HRC
valuation and are described below.
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Restore submerged aquatic vegetation

Submerged aguatic vegetation provides vital habitat for a number of aquatic organisms. Eelgrass is the dominant species of
SAV along the coasts of New England, It is an underwater flowering plant that is found in brackish and near-shore marine
waters (Figure G5-1). Eelgrass can form large meadows or small separate beds that range in size from many acres to just 1 m
across (Save The Bay, 2001).

SAV restoration involves transplanting eelgrass shoots and/or seeds into areas that can support their growth. Site selection is
based on historical distribution, wave action, light availability, sediment type, and nutrient loading. Improving water quality
and clarity, reducing nutrient levels, and restricting dredging may all be necessary to promote sustainable eelgrass beds.
Protecting existing SAV beds is a priority in many communities (Save The Bay, 2001),

SAV provides several ecological services to the environment. For example, eelgrass has a high rate of leaf growth and
provides support for many aquatic organisms as shelter, spawning, and nursery habitat. SAV is also a food source for
herbivorous organisms. The roots of SAV also provide stability to the bottom sediments, thus decreasing erosion and
resuspension of sediments into the water column (Thayer et al., 1997). Dense SAV provides shelter for small and juvenile
fishes and invertebrates from predators. Small prey can hide degp within the SAV canopy, and some prey species use the
SAV as camouflage (Thayer et al., 1997). Species impinged and entrained at Pilgrim that use SAV beds during early life
stages include Atlantic menhaden, striped bass, tautog, bluefish, and rainbow smelt (Laney, 1997).

Figure 65-1: Laboratory culture of eelgrass (Zostera marina)

B Bt o R SIETUL I e N S B s

Source: Boschker, 2001.

Restore tidal wetiands

Tidal wetlands (Figure G5-2) are among the most productive ecosystems in the world (Mitsch and Gosselink, 1993; Broome
and Craft, 2000). They provide valuable habitat for many species of invertebrates and forage fish that serve as food for other
species in and near the wetland. Tidal wetlands also provide spawning and nursery habitat for many other fish species,
including the Atlantic silverside, striped killifish, threespine stickleback, and mummichog. Other migratory species that use
tidal wetlands during their lives include the winter flounder, striped bass, Atlantic herring, and white perch (Dionne et al.,
1999). Fish species that have been reported in restored salt ponds and tidal creeks include Atlantic menhaden, blueback
herring, Atlantic silverside, striped killifish, and mummichog (Roman et al., submitted 2000 to Restoration Ecology).
Restoring tidal flow to areas where such flows have been restricted also reduces the presence of Phragmites australis, the
invasive marsh grass that has choked out native flora and fauna in coastal areas across the New England seaboard (Fell et al.,
2000).
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Figure 65-2: Tidal creek near Little Harbor, Cohasset, Massachusetts (Source: MAPC, 2001)

Tidal wetlands restoration typically involves retuming tidal flow to marshes or ponds that have restricted natural tidewater
flow because of roads, backfilling, dikes, or other barriers. Eliminating these barriers can restore salt marshes (Figure G5-3),
salt ponds, and tidal creeks that provide essential habitat for many species of aquatic organisms. For example, where
undersized culverts restrict tidal flow, installing correctly sized and positioned culverts can restore tidal range and proper
salinity. In other situations, such as where low-lying property adjacent to salt marsh has been developed, restoring full tidal
flow may not be possible because of flooding concerns (MAPC, 2001). Salt marshes can also be created by inundating areas
in which no marsh habitat previously existed (e.g., tidal wetland creation). However, a study by Dionne et al. (1999) showed
that while both created and restored tidal wetlands provide habitat for a number of fish, restored tidal wetlands provide much
larger and more productive areas of habitat per unit cost than created tidal wetlands.

Figure G5-3: Salt marsh near Narragansett Bay, Rhode Island (Source: Save the Bay, 2001)
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Create artificial reefs

Several species of fish found near the Pilgrim facility use rocky or reef-like habitats with interstices that provide refuge from
predators. These habilats can be created artificially with cobbles, concrete, and other suitable materials. Species impinged
and entrained at Pilgrim that commonly use reef structures for refuge include tautog, cunner, and blue mussels (Foster et al.,
1994; Castro et al., in press). Both cunner and tautog become torpid at night and require places to hide from their prey.

Improve anadromous fish passageways

Anadromous fish spend most of their lives in brackish or saltwater but migrate into freshwater rivers and streams to spawn.
Dams on many of the rivers and streams in this region where anadromous fish historically spawned make these waterways
inaccessible to migrating fish. Anadromous fish impinged and entrained at Pilgrim that would benefit from improved access
to upstream spawning habitat include rainbow smelt, alewife, and white perch.

Improving anadromous fish passage involves many important steps. Dams and barriers connecting estuaries with upstream
spawning habitat can be removed or fitted with fish ladders (Figure G5-4). Removing a dam is often preferable because some
species such as rainbow smelt use fish ladders ineffectively. However, dam removal may not be possible in highly developed
areas needing flood control. In addition, restering stream habitats such as forested riverbank wetlands and improving water
quality may also be necessary to restore upstream spawning habitats for anadromous fish (Save The Bay, 2001).

Figure 65-4: Example of a fish ladder at a hydroelectric dam

i

Source: Pollock, 2001.
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65-4 STEP 4: CONSOLIDATE, CATEGORIZE, AND PRIORITIZE IDENTIFIED HABITAT
RESTORATION ALTERNATIVES

EPA categorized and prioritized habitat restoration alternatives to identify the type of restoration program that was best suited
for each of the major species that are impinged or entrained as a result of cooling water intakes, This was done in
collaboration with local experts from several federal, state, and local organizations at 2 meeting on September 12, 2001
(Table G5-2), and through follow-up discussions that were held with numerous additional organizations (Table G5-3).

Attendees discussed habitat needs and restoration options for each species with significant 1&E losses at the facility. They
then ranked these restoration options for each species by determining what single option would most benefit that species. The
alternatives chosen for each species are shown in Table G54.

Table 65-2: Attendees at the Meeting on Habitat Prioritization for Spécies Impinged and Entrained at
P:lgrlm September 12, 2001, in Lakeville, Massachusetts

Attendee : Organization
Bob Green gMassachuserts DEP
Robert Lawton ‘Massachusens Division of Marine Fisheries

Georgc Zoto :Massachusetts Watershed Initiative - South Coastal Watersheds

Kathi Rodrigues NanonaI Marine Fisheries Service - Restoration Center

Daw e ebste e U S . EPA . Regmn e
'éii;é;;;{i;;;'"""'"""""""""'""'"""f'ij"S"‘éii'A'ii;g';{;ﬁ"i """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
NlckPmdanyUSEPARegmnI .................................................................................................................
JohnNagleUSEPARegmnl .................................................................................................................

Tabie 65-3: Local Agencies and Organizations Contacted for Information Used in this HRC Analysis

Organization

Applied Sciences Associates

NOAA — National Marine Fisheries Service (NO)
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Table 65-3: Local Agencies and Organizations Contacted for Information Used in this HRC Analysis
(cont.)

Organization

Rhode Isiand Coastal Resource Management Council

Woods Hole Oceanographic Institution

Table 65-4: Preferred Restoration Alternatives Identified by Experts for
Species Impinged and Entrained at Pilgrim

Species (age 1 eq. losses per year) | Selected Restoration Alternative

 Atiantic cod (2,439) SAV restoration

..............................................................................................................................................................................

Pollock (525) ESAV restoration

Northern pipefish (118) :SAV restoration

Threespine stickleback (118) :SAV restoration, tidal wetland restoration
Amencan sand lance (4,116,285) iTidal wetlands restoration

...........................................................................................................................................................................

Winter flounder (210,715) ‘Tidal wetlands restoration

Atlantic silverside (25,929) iTidal wetlands restoration

Bluefish (2) - - ‘Tidal wetlands restoration (improve habitat for prey)

Rock gunnel {4,862,872) éAniﬁcial reef creation

Radlated';hanny(1644 456)Aﬂ1ﬁ0131 e
Cunner 993,911y U Anificial reef creation, SAV restoration
Sculpinspp. (734,773) '""""'""A&i'fié.';;i}éé'f'ér'é};{.'&é{,'"S'AV restoration (improve habitat for prey)
Tautog (1,076) T Amtificial reef creation, SAV restoration
Rainbow smelt (1,330,022) Anadromous fish passage (remove dams)

Alewife (4, 343) Anadromous fish passage

| Anadromous fish passage
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Table 65-4: Preferred Restoration Alternatives Identified by Experts for
Species Impinged and Entrained at Pilgrim (cant.)

Species (age 1 eq. losses per year) | Selected Restoration Alternative

Blue mussels (160,000,000,000) f;No habitat restoration/replacement alternative was identified.

Atlantic herring (29,079)

.............................................................. -

Searobin (3,767)

Hogchoker (2}

Atlantic menhaden (14,270) :No habitat restoration/replacement alternative was identified.

Bay anchovy (18)

* Improved water quality later became the chosen restoration alternative for windowpane because they
inhabit depths greater than accessible to tidal wetland restoration. However, no specific water quality
projects were identified.

65-5 STEP B: QUANTIFY THE EXPECTED INCREASES IN SPECIES PRODUCTION FOR
THE PRIORITIZED HABITAT RESTORATION ALTERNATIVES

In Step 35, EPA estimated the expected increases in fish production attributable to implementing the preferred restoration
alternative for each species. These estimates were adjusted to express production as increases in age 1 fish, This simplified
the scaling of the preferred restoration alternatives (see Section G5-6) because the I&E losses were also expressed as age 1
equivalents.

Unfortunately, available quantitative data is not sufficient to estimate reliably the increase in fish production that is expected
to result from the habitat restoration actions listed in Table G5-4. There is also limited data available on the production of
these species in natural habitats that could be used to estimate production in restored habitats. Therefore, in this analysis EPA
relied on quantitative information on fish species abundance in the habitats to be restored as a proxy for the increase in
production expected through habitat restoration. The relationship between the measured abundance of a species in a given
habitat and the increase in that species’ production that would result from restoring additional habitat is complex and unique
for each species. In some cases the use of abundance data may underestimate the true production that would be gained
through habitat restoration, and in other cases it may overestimate the true production. Nevertheless, this assumption was
necessary given the limited amount of quantitative data on fish species habitat production that is currently available.

65-5.1 Estimates of Increased Age 1 Fish Production from SAV Restoration

SAYV provides forage and refuge services for many fish species, increases sediment stability, and dampens the energy of
waves and currents affecting nearby shorelines (Fonseca, 1992). SAV restoration is most effective where water quality is
adequate and SAV coverage once existed. Table (G5-5 presents the fish species impinged or entrained at Pilgrim that would
benefit most from SAV restoration, along with annual average I&E losses 1974-1999, arranged by number of fish lost.
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Table 65-5: Fish Species Impinged or Entrained at Pilgrim that Would
Benefit Most from SAV Restoration

Annual Average I&E Loss

Species of Age 1 Equivalents I?o es:zir:'t:l'g:;rFE:l:a;;iis
: (1974-1999)
Atlantic cod 2,439 0.02%
o . L e
themplpeﬁSh ________________________________ i
'ﬁ}'éégﬁ'i}&é"s'{i'c'iéiéﬂa&{"'""""""”"""'""'5 ................................ R S
o R e T o

65-5.1.1 Species abundance estimates in SAV habitats

No studies were available that provided direct estimates of increased fish production following SAV restoration for the
species impinged or entrained at Pilgrim that would benefit most from SAV restoration. Therefore, EPA used abundance
estimates to estimate increases in production following restoration. Abundance estimates are ofien the best available
estimates of local habitat productivity, especially for early life stages with limited mobility. The sampling efforts that provide
abundance estimates in SAV habitat and that were selected for this HRC valuation are described below.

Species abundance in Buzzards Bay SAV

Wyda et al. (in press) provide abundance estimates as fish per 100 m* of SAV for species caught in otter trawls in July and
August 1996 at 24 sites within 13 Buzzards Bay estuaries, near Nantucket, Massachusetts, and at 28 sites within 6
Chesapeake Bay estuaries. These locations were selected based on information that eelgrass was present or had existed at the
location.

The sampling at each location consisted of six 2-minute sampling runs using a 4.8 m semi-balloon otter trawl with a 3 mm
mesh cod end liner that was towed at 5-6 km/hour, Late summer sampling was selected because eelgrass abundance is
greatest then, and previous research had shown that late-summer fish assemblages are stable.

Forty-three fish species were caught in Buzzards Bay and 60 in Chesapeake Bay. Abundance estimates per 100 m® of SAV
were reported for all fish species, and abundance estimates for specific SAV density categories were reported for species
caught in more than 10 percent of the total number of trawls {15 species). EPA used only these SAV density-based results
from the Buzzards Bay sampling for this HRC valuation because of its proximity to the facility. These SAV density-based
results are presented in Table G5-6 for species impinged and entrained at Pilgrim and identified as benefitting most from SAV
restoration,

Table 65-6: Average Abundance in Buzzards Bay SAV (eelgrass) Habitats for Fish Species Impinged or
Entrained atf Pilgrim that Would Benefit Most from SAV Restoration

Species Abundance (# fish per 100 m’)*

Common Name

Low Density SAV Habitats : High Density SAV Habitats
Atlantic cod” : no obs. no obs.
Pollock" * ................................ - oobs ................................................................ . oobs ................................
Northe,mp]peﬁsh ....................................... , .................................. 0 I9 .................................................................... g
Thrsespmesnck]eback— .................................. by , ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S B

* High density habitats are eelgrass areas with shoot densities > 100 per m® and shoot biomass (wet) > 100 g/m’. Low density habitats do
not meet these criteria.

® Atlantic cod and pollock were not caught in any Buzzards Bay trawls.

Source: Wyda et al. (in press).
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Species abundance in Rhode Island coastal salt pond SAV

Hughes et al. (2000) conducted trawl samples in the SAV habitats of four Rhode Island coastal estuarine salt ponds and in
four Connecticut estuaries during July 1999. As in Wyda et al. (in press), the sampling at each location involved six 2-minute
sampling runs using a 4.8 m semi-balfoon otter trawl with a 3 mm mesh cod end liner towed at 5-6 km/hour.

The report does not provide abundance estimates by species. However, a principal investigator provided abundance estimates
expressed as the number of fish per 100 m’ of SAV for the locations sampled in Rhode Island (Point Judith Pond, Ninigret
Pond, Green Hill Pond, and Quonochontaug Pond; personal communication, J. Hughes, NOAA Marine Biological
Laboratory, 2001). Average abundance estimates per 100 m? of SAV were calculated for each species and allocated to the ‘
same SAV habitat categories that were designated in Wyda et al. (in press) using shoot density and wet weight of shoots from
Hughes et al. (2000). The sampling results for species impinged and entrained at Pilgrim and identified as benefitting most
from SAV restoration are presented in Table G5-7. .

Table 65-7: Average Abundance from Rhode Isiand SAV Sites for Pilgrim Species
that Would Benefit Most. from SAV Restoration

Species Abundance (# fish per 100 m® of SAV habitat)*

Species -
Low Density SAV Habitats : High Density SAV Habitats
Atlantic cod no obs. no obs.
ol n 0 obs ................................. ‘ ................................. - obs ...................................
Northernplpeﬁsh ‘ ................................ 023 ST ¢ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, oy
Thrcespmesuck}eback ................... + ................................. el ﬁlgm ..................................

* High density habitats are defined as areas with eelgrass shoot densities > 100 per m® and shoot biomass (wet) > 100 g/m’. Low density
habitats do not meet these criteria.
Source: personal communication, J. Hughes, NOAA, Marine Biological Laboratory, 2001.

Species abundance in Nauset Marsh (Massachusetts) estuarine complex SAV

Heck et al. (1989) provide capture totals for day and night trawl samples taken between August 1985 and October 1986 in the
Nauset Marsh Estuarine Complex in Orleans/Eastham, Massachusetts, including two eelgrass beds: Fort Hill and Nauset
Harbor. As in the other SAV sampling efforts, an otter trawl was used for the sampling, but with slightly larger mesh size
openings in the cod end liner (6.3 mm versus 3.0 mm) than in Hughes et al. (2000) or Wyda et al. (in press).

With the reported information on the average speed, duration, and number of trawls used in each sampling period and an
estimate of the width of the SAV habitat covered by the trawl from one of the study authors (personal communication, M.
Fahay, NOAA, 2001), EPA calculated abundance estimates per 100 m? of SAV habitat.

Heck et al. (1989) also report that the dry weight of the SAV shoots is over 180 g/m? at both the Fort Hill and Nauset Harbor
celgrass habitat sites. Therefore, these locations would fall into the high density SAV habitat category used in Wyda et al. (in
press) and Hughes et al. (2000) because the dry weight exceeds the wet weight criterion of 100 g/m’ used in those studies.

Finally, Heck et al. (1989) provide separate monthly capture results from their trawls. The maximum monthly capture results
for each species was used for the abundance estimates from this sampling. Because these maximum values generally occur in
the iate summer months, sampling time is consistent with the results from Wyda et al. (in press) and Hughes et al. (2000).

The species abundance values estimated from the sampling of the Fort Hill and Nauset Harbor SAV habitats are presented in
Table G5-8.
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Table 65-8: Average Abundance in Nauset Marsh Estuarine Complex 5AV for Fish Species Impinged or
Entrained at Piigrim that Would Benefit Most from SAV Resteration

Species Abundance (# fish per 100 m')*

Species -
Fort Hill -— High Density SAV : Nauset Harbor — High Density SAV
Atlantic cod no obs. L no obs.
Pollock Cnoobs. Cnoobs.
Northernplpeﬁsh .............................. 068— .................................... oy ———
Threespmcsnck]eback ................... e L 4703 ...... IR s

* High density habitats are defined as areas with eelgrass shoot densities > 100 per m® and shoot hiomass (wet) > 100 g/m?.
Source: Heck et al., 1989,

65-5.1.2 Adjusting SAV sampling results to estimate annual average increase in production
of age 1 fish

EPA adjusted sampling-based abundance estimates to account for:

» sampling efficiency
» capture of life stages other than age 1
» differences in the measured abundances in natural SAV habitat versus expected productivity in restored SAV habitat.

The basis and magnitude of the adjustments are discussed in the following sections.
Adjusting for sampling efficiency

Fish sampling techniques are unlikely to capture or record all of the fish present in a sampled area because some fish avoid
the sampling gear and some are captured but not collected and counted. The sampling efficiency for otter trawls is
approximately 40 percent to 60 percent (personal communication, J. Hughes, NOAA Marine Biological Laboratory, 2001).
EPA assumed a cost reducing sampling efficiency of 40 percent for this HRC analysis, and multiplied the SAV sampling
abundance estimates by 2.5 (i.e., 1.0 divided by 40 percent). This assumption increases SAV productivity estimates and
lowers SAV restoration cost estimates.

Adjusting sample abundance estimates to age 1 life stages

All sampled life stages were converted to age | equivalents for comparison to 1&E losses, which were expressed as age 1
equivalents. The average life stage of the fish caught in Buzzards Bay (Wyda et al., in press) and the Rhode Island coastal
salt pond (Hughes et al., 2000) was juveniles (i.e., life stage younger than age 1) (personal communication, J. Hughes, NOAA
Marine Biological Laboratory, 2001). Since the same sampling technique and gear was used in Heck et al.-(1989), EPA
assumed juveniles to be the average life stage captured in this study as well.

The abundance estimates from the studies were multiplied by the survival rates from juveniles to age 1 for each species to
provide an age 1 equivalent abundance. The juvenile to age 1 survival rate adjustment factors, calculated using the results of
the EAM, are presented in Table G5-9.

As noted in the table, there are no juvenile to age 1 survival rate estimates used in the EAM for three of the species.
However, survival rate estimates are available for these species from larval stage (the stage just prior to juvenile) to age 1. In
these cases, EPA estimated the juvenile to age | survival rate by averaging the survival rate for larvae to age 1 with 1.0
(because 1.0 is necessarily the age | to age | survival rate). This procedure produces juvenile to age 1 survival rates that are
approximately 0.5, which is near the maximum juvenile to age 1 survival rates used in the EAM for other species. Therefore,
this assumption may lead to an overestimation of the juvenile to age 1 survival rate, and therefore to an overestimation of the
age | fish produced by SAV restoration (and an underestimation of the amount of restoration required). Nevertheless, EPA
used the adjustment factors shown in Table G5-9 to convert densities of juveniles in SAV habitat to densities of age 1
individuals, as a cost minimizing assumnption.
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Table 65-9: Life Stage Adjustment Factors for Species Present at Pilgrim — SAV Restoration

. ; Oldest Life S.tage Estimated Survival Life Stage Captured in Estimated Surv!val
Species . before Agelinthe : Rate to Age 1 { SAV Sampling Efforts ' Rate for Juveniles
EAM ateto Ag : plng Eforts to Age 1*
Atlantic cod larvae 0.0023 juvenile 0.5012
Pollock ' juvenile 0.0019 juvenile 0.0019
Northem pipefish larvae § 0.0703 juvenile 0.5352
Threespine stickleback larvae : 0.0567 : juvenile 0.5284

? When the EAM included information only for larvae (younger than juvenile) to age 1, the juvenile to age 1 survival rate
was assumed to be the average of larvae to age |, and age 1 to age 1 (1.0).

Adjusting sampled abundance for differences between restored and undisturbed habitats

No reviewed studies suggested that restored SAV habitat would produce fish at a level different from undisturbed SAV
habitat. Similarly, while service flows from a restored habitat site generally increase over time to a steady state level, imited
anecdotal evidence suggesis some restored SAV habitats may begin recruiting and producing fish very quickly (personal
communication, A. Lipsky, Save the Bay, 2001). As a result of this limited evidence, and as a cost-reducing assumption, EPA
made no adjustment for differences between restored and undisturbed SAV habitats to account for the final levels of fish
production or potential lags in realizing these levels following restoration of SAV habitat.

65-5.1.3 Final estimates of annual average age 1 fish production from SAV restoration

EPA calculated age 1 fish production expected from habitats where SAV is restored by multiplying the abundance estimates
from Wyda et al. (in press), Hughes et al. (2000), and Heck et al. (1989) by the adjustment factors presented in the previous
subsection. These results were then averaged, by species, across sampling locations to calculate the final production value
incorporated in the scaling of the SAV restoration alternative.

Table G5-10 presents the final estimates of the increase in age | production for two of the four Pilgrim species that benefit
most from SAV restoration (Atlantic cod and pollock were not sampled in any of the studies providing abundance estimates).
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Table 65-10: Final Estimates of the Increase in Production of Age 1 Fish for Fish Species Impinged or
Entrained at Pllgrlm that Wouid Bencfn‘ Most from SAV ResToruhon

Species [ L | { Restored E ceted I
Source of Initial | Abundance ; b B Life Stage | Habitat Service | L*P nerease in
S : . Efficiency . : . Production of Age 1
Species . Species Abundance Eshmate per: . i Adjustment : Flow :
: h ; N i Adjustment . ; . i Fish per 100 m’ of
Estimate S 100 mfof ‘ Factor ¢ Adjustment
: i Factor : Restored SAV
: SAV : : : Factor :
Northern  ‘Hecketal (1989)— 068 . 25 05382 1.0 0.91
pipefish ‘Fort Hill : ' : : :
‘Hecketal (1989)— 611 : 25  : 05352 | 1.0 : 8.17
ENauset Harbor : : : : :
‘Hughesetal. (2000)—: 023 @ 2.5 ©0.5352 1.0 0.31
:RI coastal ponds (low : : ; :
:SAV) :
‘Hughes et al. (2000) — .  3.03 : 25 i 05352 1.0 : 4.06
:RI coastal ponds (hlgh 3 : . : :
j AV) " o : . :
‘Wyda et al. (in press) ; 019 | 25 ©05352 1.0 g 0.25
i—- Buzzards Bay (low | : : : :
iSAV) ; ; : ; ;
‘Wydaetal. (inpress) @ 099 2.5 ©0.5352 1.0 1 1.32
i— Buzzards Bay (hlgh : : :
ISAV) 5
Specles average 2.50
Threespine :Heck eral. (1989)— : 592 : 2.5 i 05284 . 10 7.82
stickleback  :Fort Hill : : : : :
iHecketal. (1989) — | 4708 © 25 . 05284 1.0 62.19
Nauset Harbor '1 ; é
Hughes etal (2000)—' 19.67 25 b0.5284 1.0 25.98
:RI coastal ponds (high | : : ; .
SAV) ; : : ,
:Wyda etal. (inpress) : 022 i 2.5 i 05284 1.0 0.29
i— Buzzards Bay (low : : 5 :
SAV) : : ? : ‘
Wyda etal. (inpress) :  0.13 23 i 0.5284 1.0 0.17
— Buzzards Bay (hngh : : :
‘;SAV ) ;
‘Species average 1929

Pollock ‘Unknown

65-5.2 Estimates of Increased Age 1 Fish Production from Tidal Wetland
Restoration

Tidal wetlands provide a diversity of habitats such as open water, subtidal pools, ponds, intertidal waterways, and tidally
flooded meadows of salt tolerant grass species such as Spartina alterniflora and S. patens. These habitats provide forage,
spawning, nursery, and refuge for a large number of fish species. Table G5-11 identifies the I&E losses for fish species at
Pilgrim that would benefit most from tidal wetland restoration, along with average I&E losses for 1974-1999, arranged by
number of fish lost.
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Table &5-11: Fish Species Impinged or Entrained at Pilgrim that Would
Benefit Most from Tidal Wetland Restoration

Annual Average I&E Loss of Age 1 Percentage of Total I&E Losses across all

Species Equivalents (1974-1999) : Fish Species
American sand lance 4,116,285 ‘ 28.55%
‘Winter flounder | Coa0ms : 4%
o T o G

Total 4,353,900 30.20%

Restricted tidal flows increase the dominance of Phragmites australis by reducing tidal flushing and lowering salinity levels
(Buzzards Bay Project National Estuary Program, 2001a). Phragmites dominance restricts fish access to and movement
through the water, decreasing overall productivity of the habitat. Therefore, for the purpose of this HRC valuation, tidal
wetland restoration focuses on returning natural tidal flows to currently restricted areas. Examples of actions that can restore
tidal flows to currently restricted tidal wetlands include the following:

breaching dikes created to support salt hay farming or to control mosquitos
installing properly sized culverts in areas currently lacking tidal exchange
removing tide gates on existing culverts

excavating dredge spoil covering former tidal wetlands.

¥y v v v

EPA could not find any studies that quantified increased production following implementation of these types of restoration
actions for tidal wetlands. Therefore, EPA used fish abundance estimates from studies of tidal wetlands to estimate the fish
increase in fish production that can be gained through restoration. The following subsections present the sampling data and
subsequent adjustments made to calculate the expected increased in age 1 production of fish species,

65-5.2.1 Fish species abundance estimates in tidal wetland habitats

EPA used results from tidal wetland sampling efforts in Rhode Island to calculate the potential increased fish production from
restored tidal wetland habitat. Available sampling results from Connecticut (Warren et al., 2001) and New Hampshire and
Maine coasts (Dionne et al., 1999) were not used. The Connecticut results were omitted because regulatory time constraints
prevented the conversion of capture results into abundance estimates per unit of tidal wetland area. The New Hampshire and

Maine results were omitted because the study locations were too distant from the Pilgrim facility and are located north of the
critical ecological divide of Cape Cod-Massachusetts Bay, which affects species mix and abundance.

Species abundance at Sachuest Point tidal wetland, Middletown, Rhode Island

Roman et al. (submitted 2000 to Restoration Ecology) sampled the fish populations in a 6.3 hectare (ha) tidal wetland at
Sachuest Point in Middletown, Rhode Island. The sampling was conducted during August, September, and October of 1997,
1998, and 1999 using a | m? throw trap in the creeks and pools of each area during low tide after the wetland surface had
drained. Additional sampling was conducted monthly from June through October in 1998 and 1999 using 6 m? bottomless lift
nets to sample the flooded wetland surface. The report presents the results of this sampling as abundance estimates of each
fish species per square meter (Table G5-12).

Roman et al. also sampled a smaller portion of the wetland where tidal flows had recently been restored. However, EPA did
not use these results because the sampling was most likely conducted before the system reached full productivity.
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Table &5-12: Abundance Estimates from the Unrestricted Tidal Wetlands at Sachuest for Fish Species
Impinged or Entrained at Pilgrim that Would Benefit Most from Tidal Wetland Restoration

Fish Density Estimates in Unrestricted Tidal Wetlands

Species Sﬂmp!mg (fish per m%)
Technique - -
: 1997 : 1998 : 1999
American sand lance Ethrow trap no obs‘ no abs. no abs.
3 ' no obs

...........................................................................................................................................................................................................

Winter flounder

Atlantic silverside

Grubby :throw trap

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

:Hift net ; no samplmg
Swiped killifish wowmp | o0 017 L s T
llﬁnetnosamp]mg ............ 5 T P T
Smpedbass ............................ thrown'ap ......... I noobsnoobs .......... ettt bttt bbb rnin
hftnet .............. nosamphng ................... v e s
Bluefish thowtmp 0 noobs.  :  noobs.
hﬂnet ............... nosamphng ........ .......... i oobs ....................................................................

Source: Roman et al. (submitted 2000 to Restoration Ecology).

Galilee Marsh, Narragansett Rhode, Island

Raposa (in press) sampled the fish populations in the Galilee tidal wetland monthly from June through September of 1997,
1998, and 1999 using 1 m? throw trap in the creeks and pools in the tidal wetland parcels during low tide after the weiland
surface had drained. Raposa presents the sampling results as fish species abundance expressed as number of fish per square
meter. As with the results from Roman et al. (submitted 2000 to Restoration Ecology), EPA did not use the results from a
recently restored portion of the wetland in this HRC valuation to avoid a downward bias in the species density results (and
resultant higher restoration costs). The results from this sampling effort are presented in Table G5-13 for the species
impinged and entrained at Pilgrim and identified as benefitting most from tidal wetlands restoration.

Table 65-13: Abundance Estimates from the Unrestricted Tidal Wetlands at Galilee for Fish Species
Impinged or Enframed at P|lgr|m that Would Benefit Most from Tidal Wetland Restoration

g Fish Density Estimates in Unrestricted Tidal Wetlands
Species ,? amp!mg : (fish per m?%)
echnique ; -
1997 : 1998 i 1999

Amencan sand lance ithrow trap

Bluefish fthrow trap

Source: Raposa, in press.
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Coggeshall Marsh, Prudence Island, Rhode Island

Discussions with Kenny Raposa of the Narragansett Estuarine Research Reserve (NERR) revealed that additional fish
abundance estimates from tidal wetland sampling were available for the Coggeshall Marsh located on Prudence Island in the
NERR. These abundance estimates were based on sampling conducted in July and September 2000. The sampling of the
Coggeshall tidal wetland was conducted using 1 m® throw traps in the tidal creeks and pools of the wetland during ebb tide
afier the wetland surface had drained (personal communication, K. Raposa, Narragansett Estuarine Research Reserve, 2001).
The sampling results from this effort are presented in Table (G5-14 for the species impinged and entrained at Pilgrim and
identified as benefitting most from tidal wetlands restoration.

Table 65-14: Abundance Estimates from the Unrestricted Tidal Wetlands at Coggeshall for Fish
Species Impinged or Entrained at Pilgrim that Would Benefit Most from Tidal Wetland Restoration

Fish Density Estimates in Tidal Wetlands

Species : ?:c':ﬁ i";:i B (fish per m’)
: Jaly 2000 : September 2000

American sané lance Ethrow trap no obs. no obs.
wmterﬂounder ........................ dthmwnap .......... s 0|0 .......................... ............................ 010 ...................
o ncsﬂvemde ..................... [h mw mp ................................... e B TUTOTPUO ettt es e e s
Gmbby ,,,,,,,,,,,,,,,,,,,, e Jth mw mp :

Smpedkdhﬁsh ......................... ‘thmwnap ......... ............................ 240 ............................ R
Smpedbass ............................. ‘th row mp .......... s n oobs ......................... .......................... - 0 Obs ..........................
g ‘throwtxap e ......................... S

Winter flounder data from Rhode Island Juvenile Finfish Survey at the Chepiwanoxet and
Wickford sample locations

The Rhode Island juvenile finfish survey samples 18 locations once a month from June through October using a beach seine
that is approximately 60 m (200 ft) long and 3 m (10 ft) wide/deep. The sampled sites vary from cobble reef to sandy
substrate. Winter flounder prefer shallow water habitats with sandy substrate, and such substrate conditions can be restored in
large coastal ponds or pools. Therefore, EPA obtained winter flounder abundance estimates from this survey (personal
communication, C. Powell, Rhode Island Department of Environmental Management, 2001). The two sample locations with
the highest average winter flounder abundance estimates for 1990 through 2000 were in coastal ponds with sandy bottoms.
The average abundance estimates from these sites, Chepiwanoxet and Wickford, are presented in Table G5-15 for samples
taken from 1990 through 2000.

Table 65-15: Average Winter Flounder Abundance, 1990-2000, at the Sites with the
Highest Results from the Rhode Island Juvenile Finfish Survey

Speci Sampling . Fish Density Estimates in Sandy Nearshore Substrate (fish per m?)
ecies . ; :

P :  Technique Chepiwanoxet 1990-2000 : Wickford 1990-2000
Winter flounder ibeach seine : 0.09 ; 0.20

Winter flounder data from Rhode Island Coastal Pond Survey at Narrow River, Winnapaug
Pond, and Point Judith Pond

[n addition to its juvenile finfish survey, Rhode Island conducts a survey of fish in its coastal ponds. The habitat
characteristics in these locations are similar to those that can be restored through tidal wetland restoration. This survey
includes winter flounder.

A Rhode Island coastal pond survey has been conducted since 1998 at the same 16 sites using an approximately 40 m (130 ft)
long seine that is set offshore by boat and then drawn in from shore by hand. For each site, the average of the three highest
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winter flounder capture results for 1998-2001, adjusted for the average area covered by each seine set, is presented in Table
G5-16 (personal communication, J. Temple, Rhode Island Division of Fish and Wildlife, 2002).

Table 65-16: Average Winter Flounder Abundance for 1998-2001 at the Sites with the Highest
Results from the Rhode Island Coastal Pand Survey

Average Winter Flounder Density Estimates in

Species "?:;\lf::i“uge Sandy Nearshore Substrate (fish per m?)
: 9 . _NarrowRiver °  Winnapaug Pond Point Judith Pond
Winter flounder fbeach seine 0.32 : 0.21 0.21

65-5.2.2 Adjusting tidal wetiand sampling results to estimate annual average increase in
production of age 1 fish

The sampling abundance results presented in Section G5-5.2.1 were adjusted to account for the following:

sampling efficiency

conversion to the age 1 life stage

differences in production between restored and undisturbed tidal wetlands
the impact of sampling timing and location.

¥ ¥ v ¥

Sampling efficiency

As previously described, sampling efficiency adjustments are made to account for the fact that sampling techniques do not
capture all fish that are present. Jordan et al. (1997) estimated that | m? throw traps have a sampling efficiency of 63 percent.
Therefore, EPA applied an adjustment factor of 1.6 (i.e.; 1.0/0.63) to tidal wetland abundance data that were collected with 1
m? throw traps.

The sampling efficiencies of bottomless lift nets are provided in Rozas (1992) as 93 percent for striped mullet (Mugil
cephalus), 81 percent for gulf killifish (Fundulus grandis), and 58 percent for sheepshead minnow (Cyprinodon variegatus).
The average of these three sampling efficiencies is 77 percent {adjustment factor of 1.3, or 1.0/0.77) and is assumed to be
applicable to species lost to I&E at Pilgrim.

Lastly, although specific studies of the sample efficiency of a beach seine net were not identified, an estimated range of 5¢
percent to 75 percent was provided by the staff involved with the Rhode Island coastal pond survey {personal communication,
J. Temple, Rhode Island Division of Fish and Wildlife, 2002). Using the lower end of this range as a cost reducing
assumption, EPA applied a sample efficiency adjustment factor of 2.0 (i.e., 1.0/0.5) for the abundance estimates for both the
Rhode Island juvenile finfish survey and the Rhode Island coastal pond survey.

Conversion to age 1 life stage

The sampling techniques described in Section G5-5.2.1 are intended to capture juvenile fish (personal communication,

K. Raposa, Narragansett Estuarine Research Reserve, 2001). That juvenile fish were the dominant age class taken was
confirmed by the researchers involved in these efforts (personal communication, K. Raposa, Narragansett Estuarine Research
Reserve, 2001; personal communication, C. Powell, Rhode Island Department of Environmental Management, 2001; personal
communication, J. Temple, Rhode Island Division of Fish and Wildlife, 2001). As a result, the sampling results presented in
Section G5-5.2.1 required adjustment to account for expected mortality between the juveniie and age 1 life stages. The
information used to develop these survival rates and the final life stage adjustment factors are presented in Table G5-17.
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Table 65-17: Life Stage Adjustment Factors for Pilgrim Species — Tidal Wetiand Restoration

. EOIdest Life Stz_age bel’ore§ Estimated Survival : Lite S.tage Captured in . Estimated Survival Rate
Species : Age L in Rateto Agel Tidal Wetland { for Juveniles to Age 1
: the EAM & Sampling Efforts g
American sand lance : larvae : 0.0298 : juvenile : 0.5149

................................ e

Winter flounder juvenile juvenile

Striped bass® Jjuvenile Jjuvenile

................................................ P

Bluefish ; juvenile : 0.0103 ‘ juvenile : 0.0103

 Information in the EAM modct is available for two juveniic life stages for striped bass. The data for the older juvenile life stage were
used,

Adjusting for differences between restored and undisturbed habitats

Restoring full tidal flows rapidly eliminates differences in fish populations between unrestricted and restored sites (Roman et
al., submitted 2000 to Restoration Ecology), resulting in very similar species composition and density (Dionne et al., 1999;
Fell et al., 2000; Warren et al.,, 2001). However, a lag can occur following restoration (Raposa, in press). Given uncertainty
over the length of this lag, and the rate at which increased productivity in a restored tidal wetland approaches its long-term
steady state, EPA incorporated an adjustment factor of 1.0 to signify that no quantitative adjustment was made consistent with
its approach of incorporating cost reducing assumptions.

Adjusting sampled abundance for timing and location of sampling

At high tide, fish in a tidal wetland have access to the full range of habitats, including the flooded vegetation, ponds, and
creeks that discharge into or drain the wetland. In contrast, at low tide, fish are restricted to tidal pools and creeks.

Therefore, sampling conducted at low tide represents a larger area of tidal wetlands than the sampled area. EPA therefore
divided the abundance estimates based on samples taken at low tide by the inverse of the proportion of subtidal habitat to total
wetland habitat. [n contrast, no adjustment was applied to abundance estimates based on samples such as those from lift nets
or seines, taken at high tide or in open water offshore. The site-specific adjustment factors in Table G5-18 were based on
information regarding the proportion of each tidal wetland that is subtidal habitat {personal communication, K. Raposa,
Narragansett Estuarine Research Reserve, 2001).

Table 65-18: Adjustment Factors for Tidal Wetiand Sampling Conducted at Low Tide
‘ Ratio of Open Water (creeks, pools) : )

Tidal Wettand to Total Habitat in the Wetland Adjustment Factor
Sachuest Marsh 0.055 : 18.2
Gamec Marsh ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0,084, ................................................... “9 ............................
Coggesha]lMarsh ........................................ 0052 ]92 ............................

65-5.2.3 Final estimates of annual average age 1 fish production from tidal
wetland restoration

Table G5-19 presents the final estimates of annual increased production of age 1 fish resulting from tidal wetland restoration
for species impinged and entrained at Pilgrim and identified as benefitting most from tidal wetland restoration.
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Table 65-19: Final Estimates of the Annual Increase in Production of Age 1 Equivalent Fish per Square Meter of Restored Tidal Wetland for Fish
Species Impinged or Entrained ot Pilgrim that Would Benefit Most from Tidal Wetland Restoration

Reported/Calculated Sampling

’ i Restored Habitat Sampling Time Increased Production
Sampling Location : Species Density :  Efficiency

| Life Stage Service Flow | and Location | of Age 1 Fish per m?

¢ Adjustment

%urce of Imhal
Species Specnes Density |

* Estimat and Date* gEstlmate per m* of Tidal! Adjustment Fact i Adjustment :  Adjustment i of Restored Tidal
: stimate B : Wetland : Factor : actor Factor : Factor : Wetland °*
American EUnknown ; : : :
sand lance | : : : : : :
...................................... OO S PU OO OO DO P SO O SO OB U ST ST TS U O T T OTS SUEUEUSEOUTO U UUU PPV
Winter Raposa pers NERR—Prudcncc Isl. 0.10 1.6 02903 1 19.23 0.00
flounder comm 2001 Coggeshall - July 20()0 : : : : :
..................................................... OO SO SOU OO SO SOU SO S SEOS OO
I,Raposa pers NERR»—Prudence Isl. 0.10 1.6 P0.2903 1 : 19.23 0.00
'Comm 2001 Cnggeshall — Sept 2000 : i : :
_____________________ FR TSP SO O SO SO OO U SU SO U VPO PO OIS SO UU U UVTOROTT ST
CPoweIl pers Cheplwanoxet dverage 0.09 2.0 ;02901 1 1.00 0.05
cumm 2001 1990 2000 (scmc) : : : : : :
.................................................................. TP SO U SO S TP OT O SO T OO SO SO OOV U YU U U VTP U OO POTOR T POOT
LPowell pers chkford average 1990- 0.20 2.0 P 02903 1 1.00 0.12
;comm 2001 2000 (qeme) : : : : : ;
.......... U OTUO U SO OU OO SO OO SO OO SEU OO T OO SO U U TU SO
J Temple pers Narrow River average 032 20 ©02903 1 1.00 0.19
comm 2002 1998 2001 (seine) : : } i : :
.............................................................. e e ettt e e e ia Bes st et ese e es st e e e e e et s
J Temple pers Wmnapaug Pond average 0.21 2.0 L02903 1 1.00 0.12
comm 2002 1998 2001 (scine) : ; : : : :
..................................................................... U SO T ST SO SO SO OO U R SO PR TS
J Temple pers Pomr Judith Pond average ! : : : : :
camm 2002 1998 2001 (seine) :
Specnes average :
Atlantic :Roman etal,, ,Sachuest Point — 1997
silverside  submitted 2000
itd Restoration
Eca!ogy ;
{Roman et al iSachuest Point -— 1998
submitted 2000
ito Restoration
Eco!ogy : . dee e H O ON Beei e S USRS
:Roman etal,  iSachuestPoint— 1999 | 0.07 1.6 0502 1 18.18 0.00
:submitted 2000 : = = : |
ito Restoration ;
Ecology : : : i
....................................................................... U ST OO PR OR SO OO PSSOt FOTO PRSP TS OV OTY OOST PR PON O PTORPI
1Raposa pers NERR— Prudence Isl. | 0.17 1.6 Lo05022 1 ! 19.23 ; 0.01
icomm 2001 Coggeqhau -Tuly2000 : : } : 4
FEatttseintv oSN Rutt. A ot St S OO OUU e S oo R e o,
{Raposa pers NERR—Prudence Isl. ! 0.07 1.6 {05022 1 : 19.23 i 0.00
comm 2001 oggeshall — Sept. 2000 . } ' ‘ |
................................................................. O O OOy S SN OO POTO U SOUUROREF ST RROOy SO PO OORY [SOVIU OSSO Or S PSSP
:Raposa, alilee Marsh — 1997 4.78 1.6 P05022 1 : 11.90 0.32
} ‘in press : : : : : :
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Table 65-19: Final Estimates of the Annual Increase in Production of Age 1 Equi\)alent Fish per Square Meter of Restored Tidal Wetland for Fish

Specnes Impinged or Entrained at Pilgrim that Would Benefit Most from Tadal Wetland Resforahon (cont.)

Species
Atlantic

silverside

‘Striped
kitlifish

Striped
killifish

‘in press

Source of Imtlal

Specnes Densnty
Estimate

Sampling Location
and Date*

‘Raposa,
‘in press
LT
:Raposa,
‘in press

:Species average :

. éUnknown

ERoman et al
‘submitted 2000
‘to Restoration
;'Ecologv
:Roman et a]
“submitted 2000
:to Restoration
‘Ecolagy

;Roman et al
:submitted 2000
‘to Restoration

.,; ......

G hlee Marsh — 1999

.....

Galllee Marsh — 1998

Sachuest Point — 1997

Ecology

iRoman etal,, Sachuest Pomt — !998

-submitted 2000 :(llﬁ net)

‘to Resroration |

;Ecologv :

fRoman et al %Sachuest Point— 1999

:submitted 2000 (lift net) :

ito Restoration

EEcology : f

:Raposa pcrs INERR — Prudence Isl. |

cumm 2001 Coggcshall — July 2000

;

Raposa pers N'ERR — Prudence Isl.

comm 2001 Coggcqhall — Sept. 2000 !
..................................................... i

jRaposa ‘Galllee Marsh--- 1997

-in press :

‘Raposa, ‘Galilee Marsh — 1998

Reported/Calculated Sampling Life Stage Restored Habitat : Sampling Time Increased Production -
Species Densnty i Efficiency | b ad € . e i Service Flow ! and Location of Age 1 Fish per m?
Eshmate per m® of Tldal Adjustment 5 é‘us'men i Adjustment Adjustment of Restored Tidal
Wetland Factor ; actor Factor : Factor Wetland®
173 1.6 05022 I 11.90 0.12
............................................... SR S St R
14.38 1.6 05022 I 11.90 0.97
........ R SRRSO SO e
.................................... T 05474 T is 06
017 16 05474 1 B8 001
................................... T R L e R
e P 7E 7R S e At SO TR
001 13 05474 . 1 1o 001
""""""""" 240 : 3 T 19.23 01l
0.53 16 : 054714 1 19.23 0.02
....................................................................... OSSO SO OSSO TSI OSSOSO
435 T Tosana ] oo 032
S S e eeermrees e nnrnsns R S
3.50 ’ 1.6 0.5474 i 11.90 0.26
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Table 65-19: Final Estimates of the Annual Increase in Production of Age 1 Equivalent Fish per Square Meter of Restored Tidal Wetland for Fish

Spec:cs Impmged or Enframed at Pilgrim that Would Benefit Most from Tldnl Wetland Resforaﬂon (cont.)

P Reported/Calculaled ! Sampling { Restored Habitat Samplmg Time Increased];roduchon
: Source of Tnitial | : . . : : ] i Life Stage : : R 2
Specles E Species Density : Sampling Location Species Density i Efficiency | Adjustment | Service Flow i and Location 5 of Age 1 Fish per m
N h ate | and Date" i Estimate per m’ of Tidal| Adjustment | Factor | Adjustment |  Adjustment | of Restored Tidal
: mae : Wetland | Factor {  Factor | Facter ! Wetland®
Striped  iRaposa, ‘Galilee Marsh — 1999 12.40 16 05474 o 11.90 0.91
killifish  !in press : : : : : o :
>>>>>> 'Species averag
Striped Unknown :
bass :
Bluefish Unknown

* Sampling results arc based on collections using 1 m? throw traps unlcss otherwise noted.

® Calculated by multiplying the initial species density estimate by the sampling efficiency, life stage, and restored habitat service flow adjustment factors and dividing by the sampling
time and location adjustment factor.

* Values of 0.00 presented in the table have an abundance of less than 0,005 fish per m” so do not appear in the rounding of results for purposes of presentation.
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65-5.3 Estimates of Increased Age 1 Fish Production from Artificial Reef
Development

Constructing reefs of cobbles or small boulders was the preferred restoration alternative for a number of species impinged or
entrained at Pilgrim. These species generally favor habitats with interstices that provide forage and shelter from predators.
The species that would benefit most from artificial reef development are identified in Table G5-20, along with mformatlon on
their annual average I&E losses for the period 1974-1999.

Table 65-20: Species with Quantified Age 1 Equivalent I&E Losses at Pilgrim that
Would Benefit Most from Artificial Reef Development

Speci :  Annual Average [&E Loss of Age 1 Percentage of Total I&E Losses across
pecles : Equivalents (1974-1999) : All Fish Species

Rock gunnel 4,862,872 : 33.73%

Total - 8,237,088 . 5T14%

EPA could not find any studies that provided direct estimates of increased fish production resulting from artificial reef
development. Therefore, EPA used available fish abundance estimates in reef habitats as a proxy for production. The
following subsections present these abundance estimates along with the adjustments made to convert life stages to age |
equivalents and to account for habitat and sampling influences on the reported abundance estimates.

65-5.3.1 Species abundance estimates in artificial reef habitats

Tautog data from juvenile finfish survey at Patience Island and Spar Isiand, Rhode Island

The Rhode Island juvenile finfish survey samples [8 locations once per month from June through October using a 60 m long
beach seine that is approximately 3 m deep/wide. Among the sampled locations are two artificial cobble habitats, Spar Island
and Patience Island, that have the highest average tautog abundance estimates (fish per square meter) of the 18 locations for
the 1990-2000 period (personal communication, C. Powell, Rhode [sland Department of Environmental Management, 2001).
These average abundance estimates are presented in Table G5-21.

" Table 65-21: Tautog Abundance Estimates from the Rhode Island Juvenile Finfish Survey at the Two
Locu'hons with the ngheST Average Values for the Period 1990-2000

Fish Density Estimates in Nearshore Cobble Reef Habitats
Sampling : (fish per m%)

Species Technique :
; Patience Istand : Spar Island
Tautog ‘beach seine | 0.028 0.031

Cunner from the Piigrim facility intake breakwater (Plymouth, Massachusetts)

Lawton et al. (2000) estimated the size of the adult cunner population residing on the inner and outer breakwaters at the
Pilgrim facility based on the results of a tagging study and baited traps during 1994 and 1995. The adult population estimates
were reported as a central estimate with upper and lower 95 percent confidence intervals. EPA converted these estimates into
density estimates (adult fish per square meter of habitat) with information on the size of the habitat in each location (personal
communication, M. Camisa, Massachusetts Division of Marine Fisheries, 2001). The estimated adult cunner populations, the
size of the breakwater habitats, and the resulting adutt cunner abundance estimates for the central and upper 95 percent '
confidence interval estimate are presented in Table G5-22.
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Table 65-22: Adult Cunner Abundance Estimates in Reef Habitat of the
Inner and Quter Breakwaters at the Pilgrim Facility

Aduit Cunner Population Assumed Adult Cunner

| Estimated Estimate Density Estimates
Location  : Habitat Area |  Year g (fish/m’)

' (m’) . Central . Upper 95% CI ‘ Based on Central Based on Upper

: : Estimate Estimate : Estimate :95% CI Estimate
Outer breakwater ° 1,060 1994 3,628 : 4,265 3.42 4.02

A 1995 | sEan 7569 . sso 1 714

.... Average473159]7 T S S

'i'ﬁ'ﬁ'é'é'béé;;i&}};}éié} ............ Gy g s 780 ........... e G o

; T S, P R R

.’ """ Average """"""" 3,624 """"" e 4 ,950 o ses U 49
'Average across inner and outer breakwaters o o a0 529

65-5.3.2 Adjusting artificial reef sampling results to estimate annual average increase in
production of age 1 fish

As with the other restoration alternatives, EPA made sampling efficiency, life stage conversion, and restored versus
undisturbed habitat adjustments to production estimates for artificial reef habitats. These adjustments are discussed below.

Sampling efficiency

EPA incorporated the same sampling efficiency adjustment factor of 2.0 for the tautog abundance estimates developed from
the Rhode Island juvenile finfish survey as was used in the sampling efficiency adjustments from this survey for winter
flounder. The 2.0 adjustment factor represents the bottom range {cost reducing assumption) of a seine net’s sampling
efficiency (50 percent), based on the judgment of the current staff of Rhode Island’s coastal pond fish survey (personal
communication, J. Temple, Rhode Island Division of Fish and Wildlife, 2002).

The sampling efficiency of the baited traps and tagging procedure used in Lawton et al. (2000) was assumed to be 1.0, since
the results of the study already incorporate sampling efficiency for cunner as reported.

Conversion to the age 1 equivalent life stage

The information used to develop life stage adjustment factors for juvenile fish to age | equivalents is presented in Table G5-
23 for the species other than cunner impinged or entrained at Pilgrim and identified as benefitting most from artificial reef
development (sampled cunner were mostly adults, as described below). '

Toble 65-23: Life Stage Adjusfmen‘r Factors for Pilgrim Species — Artificial Reef
: Oldest Life Stage before Age 1:  Estimated Survival Sampled Lile Estimated Survival Rate

Species

: in the EAM : Rate to Age 1 ¥ Stage ¢ for Juveniles to Age |
Rock gunnel larvae 0.1416 Juvenile : 0.5708
Radlatedshanny ............................... larvac ............... . 0853 ............... ...... Juvemle ................. 5 5426 ..................
Sculpmspp ...................................... lawae ............... 0 0180 .............. , ..... _luvem[c ....... 4 ............. 05090 ,,,,,,,,,,,,,,,,,
Tawog . lavae . 00001 . juvenile | 05001

The Rhode Island juvenile finfish survey primarily captures juvenile tautog. However, the size distribution of cunner reported
by Lawton et al. (2000) suggests that primarily adult fish were captured. Some of these cunner were most likely older than
age 1. To convert the raw cunner numbers to age 1 equivalents, EPA used the same factor of 1.39 that was used in the EAM
to convert the raw numbers of cunner impinged to age I equivalents.
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Adjusting for differences between restored and undisturbed habitats

EPA incorporated an adjustment factor of 1.0 because no available information suggested that artificial reefs are used
substantially less than natural reefs by the species listed in Table G5-20 and/or that significant delays in the use of artificial
reefs follows their emplacement. To the extent lower levels of fish species use or delays in such use do occur with artificial
reefs, incorporating an adjustment factor of 1.0 represents a cost-reducing assumption.

65-5.3.3 Final estimates of increases in age 1 production for artificial reefs

Table G5-24 presents the final estimates of annual increased production of age 1 fish, based on the average across all
sampling efforts, that would result from artificial reef development for species impinged or entrained at Pilgrim.

Table 65-24: Final Estimates of Annual Increased Production of Age 1 Equivalent Fish per Square
Meter of Artificial Reef Developed for Pilgrim Species

Species Sampling i Restored vs. : Expected Agel

t  Source of Initial Abund ' Effici i Life Stage | Undisturbed :  Increased
Species :  Species Density undance ticlency : Adjustment :  Habitat : Production (fish
; X :  Estimates : Adjustment : H . : PRI
: Estimate : 2 : : Factor : Adjustment : per m’ artificial
: o (fish/m’ reef) : Factor : :
: : : Factor : reef)
Rock gunnel  |Unknown
Radiated Unknown
shanny :
Cunner ;ZLaw‘ton et al. (2000), 4.06° 1.0 1.39 1.0 5.64
iPlymouth MA

...............................................................................................................................................................................................

Tautog iRI juvenile finfish
‘survey, 1990-2000:
Patience Island

RI juvenile finfish
‘survey, 1990-2000:
:Spar Island

iSpecies average - : 0.03

* Average of the central population estimates for the inner and outer break waters.
B pop

65-5.4 Estimates of Increased Species Production from Installed Fish Passageways

A habitat-based option for increasing the production of anadromous species is to increase their access to suitable spawning
and nursery habitat by installing fish passageways at currently impassible barriers (e.g., dams). The anadromous species
impinged or entrained at Pilgrim that would benefit most from fish passageways are presented in Table G5-25, along with
information on their annual average 1&E losses for the period 1974-1999.

Table 5-25: Anadromous Fish Species Impinged or Entrained at
Pilgrim that Would Benefit Mast from Fish Passageways

Species Annual A\-’erage I&E Loss Percentage of To‘tal I&E_
of Age 1 Equivalents (1974-1999) : Losses across All Fish Species
Rainbow smelt : 1,330,022 : 9.23%
e : DU el SO USROS 003% ......................................
Bluebockherring . 703 - 0.00%
Whlteperch‘ ............................. 73 e e e 000% ......................................
Tota] JHRTTTPOR o 1’335’141 ............................ e 9 26% ..................................
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65-5.4.1 Abundance estimates for anadromous species

No studies provided direct estimates of increased production of anadromous fish attributable to the installation of a fish
passageway. Thus, EPA based increased production estimates on abundance estimates from anadromous species monitoring
programs in Massachusetts and Rhode Island, combined with an estimate of the average increase in suitable spawning habitat
that would be provided upstream of the current impassible obstacles following the installation of fish passageways.

Anadromous species abundance in Massachusetts and Rhode Island spawning/nursery habitats

Information on the abundance of anadromous species in spawning/nursery habitat in Massachusetts was available only for a
select number of alewife spawning runs in the area around the Cape Cod canal, inciuding locations in Massachusetts Bay and
Buzzards Bay (personal communication, K. Reback, Massachusetts Division of Marine Fisheries, 2001). Alewife abundance
information was also available for the spawning runs at the Gilbert Stuart and Nonguit locations in Rhode Island. These runs
are almost exclusively alewives, despite being reported as runs of river herring (i.e., blueback herring and alewives; personal
communication, P. Edwards, Rhode Island Department of Environmental Management, 2001). The size of these alewife runs
and the associated abundance estimates (number of fish per acre) in available spawning/nursery habitat are presented in Table
G5-26. )

The Mattapoisett system has low spawning habitat utilization by alewives because of continuing recovery of the system
{personal communication, K. Reback, Massachusetts Division of Marine Fisheries, 2001). Therefore, the Mattapoisett River
values were omitted. This raised the production estimates for fish passageways and reduced the restoration costs for
implementing sufficient fish passageways.

Table 65-26: Average Run Size and Density of Alewives in Spawning
Nursery Habitats in Select Massachusetts Waterbodies

Waterbod Average Alewife Run Size Average Number of Fish per Acre of
aterbocy {number of fish} : Spawning/Nursery Habitat
Back River (MA) 373,608 766
(12 year average) : i
Mattapoisert River’ 66,457 90
(12 year average)
Monument River (MA) 367,521 811
{12 year average) : L
Nonquit system (RI) 192,173 951
(1999-2001 average)
Gilbert Stuart system (RI) 311,839 4,586

Average without Mattapoisett River

* The Mattapoisett River is currently in recovery and production has been increasing in recent years {personal communication,
K. Reback, Massachuset Division of Marine Fisheries, 2001).

Average size of spawning/nursery habitat that would be accessed with the installation of
fish passageways

Anadromous fisheries staff in Massachusetts revealed that approximately § acres of additional spawning/nursery habitat
would become accessible for each average passageway installed (personal communication, K. Reback, Massachusetts
Division of Marine Fisheries, 2001). This estimate reflects the fact that previous projects have already provided access to
most of the available large spawning/nursery habitats.
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65-5.4.2 Adjusting anadromous run sampling results to estimate annual average increase in
production of age 1 fish

As with the other restoration altematives, EPA considered a number of adjustment factors. However, information was much
more limited upon which to base these adjustments. Adjustments to convert returning alewives to age 1 equivalents and to
account for sampling efficiency were not incorporated (i.e., assumed to be 1.0) because of a lack of information. In addition,
nothing suggested a basis for adjustments based on differences between existing and new spawning habitat accessed via fish
passageways or a lag in use of spawning habitat once access is provided, so EPA used an adjustment factor of 1.0.

65-5.4.3 Final estimates of annual age 1 equivalent increased species production

The density of anadromous species in their spawning/nursery habitat, the average increase in spawning/nursery habitat from
installation of fish passageways, and adjustment factors are presented in Table G5-27.

Table 65-27: Estimates of Increased Age 1 Fish for Fish Species Impinged or Entrained at Pilgrim that Would
Benefit Most from Installation of Fish Passageways

! Species Density " t  Newvs. : Calculated Annusal
! SourceofInitial |  Estimatein N‘S'"‘""."“dd'“”“' ! LifeStage | Existing . Increasein Age 1
Species | Species Density : Spawning/Nursery H pawning/Nursery  Adjustment i  Habitat |  Fish per New
: i i , :Habitat Acres per New ! : . :
Estimate i Habitat : Passageway i Factor . Adjustment : Passageway
: (fish per acre) : Factor : Installed®
Rainbow  :Unknown
smelt :
Alewife  Mattapoisett River | 90 : 5 1 g 1 452
i— (K. Reback MA ! : :
:DMF pers. comm,
£2001) 5 :
EMonumem River—§ 811 5 1 1 : 4,054
(K. Reback MA
:DMF pers. comm,
2001) : :
iBack River — (K. ! 766 5 I : 1 3,828
‘Reback MA DMF
ipers. comm, 2001) |
‘Nonquit river 951 5 : 1 1 4,757
:system — : : : ; :
{(P. Edwards, RI
:DEM, pers comm,
12001)
:Gilbert Stuart river 4,586 : ] : 1 : 1 : 22,929
isystem — (P. ! { : : ;
:Edwards, RI DEM,

:pers comm, 2001)

ecies a'vernge (eiélu ing
Blueback EUnknown
herring
White ‘Unknown
perch

* This value is the product of the values in the five data ficlds. Species density estimates rounded for presentation.
® As previously noted, the Mattapoisett results are excluded in calculating the species averape for alewife because the low density
estimates are attributable to the system recovering from previous stressors.
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65-5.5 Estimafes of Remaining Losses in Age 1 Fish Production from Species
Without an Identified Habitat Restoration Alternative

Some species lost to I&E at Pilgrim do not benefit directly and/or predictably from SAV restoration, tidal wetland restoration,
artificial reef construction, or improved passageways because the species are pelagic, spawn in deep water, or spawn in
unknown or poorly understood habitats. The species impinged or entrained at Pilgrim that fall into this category are listed in
Table G5-28, along with their annual average 1&E losses for 1974-1999.

Table 65-28: Fish Species Impinged or Entrained at Pilgrim that Lack a Habitat Restoration Alternative

Species Average Annual I&E Loss of Age 1 Percentage of Total I&E Losses
P Equivalent Organisms (1974-1999) : for All Finfish or Shellfish Species
Finfish
Fourbeard rackling : 411,191 E 2.85%

Lmles](ate JO T S DU POV RO PR

Bay anchovy

Total 486,414 j 337%
Shellfish

Blue mussels : 160,000,000,000* : © 100%

* Rounded to the nearest billion.

Despite the magnitude of I&E losses for these species, il was beyond the scope of this Section 316(b) HRC analysis to
develop quantitative estimates of the increased production of age 1 fish and shellfish for these species through habitat
restoration altematives.

G5-6 STEP 6: SCALING PREFERRED RESTORATION ALTERNATIVES

The foilowing subsections calculate the required scale of implementation for each of the preferred restoration alternatives for
each species. The quantified I&E losses are divided by the estimates of the increased fish production, giving the total amount
of each restoration needed to offset I&E losses for each species.

65-6.1 Submerged Aquatic Vegetation Scaling

The information used to scale SAV restoration is presented in Table G5-29.
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Table 65-29: Scaling of SAV Restoration Species Impinged or Entrained at Pilgrim

| Annual Average I&E :  Best Estimate of Increased | Number of 100 m’* Units of

Species Loss of Age 1 © Production of Age 1 Fishper | Revegetated SAV Required to

Equivalents : 100 m’ of Revegetated Substrate ;| Offset Estimated Average Annual
(1974-1999) : (rounded) ; I&FE Loss
Northem pipefish g 18 2.50 47
Threespine stickleback & | ng 920 s
e i .................. e oy e
B T e D e
‘Assumed units of implementation required to offset 1&F losses for all of these species. a7

65-6.2 Tidal Wetlands Scaling

The information used to scaie tidal wetland restoration is presented in Table G5-30.

Table 65-30: Scaling of Tidal WeTIcmd Restoration for Species Impinged or Entrained at Pilgrim

5 Annual Average I&E | Best Estimate of Increased  ©  Number of m* Units of Restored
Species Loss of Age 1 i i Production of Age 1 Fish per m’ Tidal Wetland Required to Offset
Equivalents g of Restored Tidal Wetland | Estimated Average Annual
(1974-1999) : (rounded) : I&E loss*

Winter flounder 210,715 0.09 ; 2,429,812

e S Sy —— 019 .......................... ot
R o T TR ........................... o
American sand lance & . anezss T Unkmown -~ T Unknown
e RS e [
e e Unknown ......................... e
e s R A U S — e
"Assumed units of implementation required to offset I&E losses for all of these species.  2,429812

* A restored wetland area refers 10 an area in a currently restricted tidal wetland where invasive species (e.g., Phragmites spp.)
have overtaken salt tolerant tidal marsh vegetation (e.g., Spartina spp.) and that is expected to revert to typical tidal marsh
vegetation once tidal flows are returned. Waterways adjacent to these vegetated areas are also included in calculating the potential
area that could be restored in a tidal wetland.

65-6.3 Reef Scaling

The information used to scale artificial reef development is presented in Table G5-31.

Table 65-31: Scating of Artificial Reef Development for Species Impinged or Entrained at Pilgrim
{ Annual Average I&E Loss ; ; Best Estimate of Increased i Number of m? Units of Artificial Reef

Species ¢ of Age 1 Equivalents : Production of Age 1 Fish per m’ of | Surface Habitat Required to Offset
(1974-1999) : Artificial Reef (rounded) Esmmted Average Annual I&E Loss
Cunner 993,911 § 564 _ a8
ﬁiﬁéﬁé}fééﬁfiﬁfﬁiﬁj.fji_'"”"'“?'”fﬁjjjﬁiffffi‘;d?'é""ﬁﬁfﬁﬁjj'ff"""“"""fﬁjjIjjjﬁﬁﬁﬁ@ﬁjdﬁéfﬂfiﬁ.'.fﬁﬁfﬁi]ﬁffﬁﬁfﬁjﬁﬁfﬁ.ﬁZZ.fZfﬁﬁﬁfZﬁjfiﬁéﬁé{é‘}’?._...._...Zﬁ.ffﬁiﬁﬁjﬁiﬁﬁ.
Rock gunnel . 4 862872 .............. Unkﬁowﬂ : Unknown
Radlaredshanny ........................... 1644456‘Unkn0wnUnknown .........................
Sculpmspecnes ................. 734773-Unkn0wn ...................... Unknown ........................ ‘
'Assumed units of implementation required to offset I&E losses for all of these species . 176218
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65-6.4 Anadromous Fish Passage Scaling

The information used to scale fish passageway installation is presented in Table G5-32.

Table 65-32: Scuhng of Anadromous Fish Passageways for Species Implnged or Entrained at Pilgrim

Ann:::sAo\}e;ageell&E : Best Estimate of Increased Produchon Number of New Fish Passageways
Species Eaui £ of Age 1 Fish per Passageway : Required to Offset Estimated
quivalents Installed (rounded) : Average Annual I&E Loss
(1974-1999) : g
Alewife 5 4343 . e 049
Rambow smclt : l ,320,022 _ Unknown Unvalued
Blueback hemng : 703 Unknown Unvalued
White perch 73 ] Unknown : Unvalued
Assumed units of implementation required to oﬁset I&E losses for all of these species ' 0.49

6G5-7 UNIT CosTs

The seventh step of the HRC valuation is to develop unit cost estimates for the restoration alternatives. Unit costs account for
all the anticipated expenses associated with the actions required to implement and maintain restoration. Unit costs also
include the cost of monitoring to determine if the scale of restoration is sufficient to provide the anticipated increase in the
production of age 1 fish per unit of restored habital.

The standard HRC costing approach generally develops an estimate of the amount of money that would be required up front
to cover all restoration costs over the relevant timeframe for the project. Hence, HRC accounting procedures generally
consider interest earnings on money not immediately spent, and also factor in anticipated inflation for expenses to be incurred
in the future. EPA used HRC costs as a proxy for “benefits” which are then compared to costs in the cost-benefit analysis
chapter. Therefore, the Agency reinterpreted the standard HRC costing approach to make it consistent with the annualized
costs used in the costing chapter of the EBA.

For this analysis, EPA annualized the HRC costs by separating the initial program outlays (one time expendimres for land,
technologies, etc.) from the recurring annual expenses (e.g., for monitoring). The initial program outlays were treated as a
capital cost and annualized over a 20-year period at a 7 percent interest rate. EPA then estimated the present value (PV),
using a 7 percent interest rate, of the annual expenses for the 10 years of monitoring of increased fish production that are
incorporated in the design of each of the habitat restoration alternatives. This PV was then annualized over a 20 year period,
again using a 7 percent interest rate. This process effectively treats the monitoring expenses associated with the habitat
restoration alternatives consistently with the annual operating and maintenance costs presented in the costing, economic
impact, and cost-benefit analysis chapters. The annualized monitoring costs were then added to the annualized cost of the
initial program outlays to calculate a total annualized cost for the habitat restoration alternative.

The following subsections present the cost components for the habitat restoration alternatives in this HRC along with the

estimates of the annualized costs for implementation costs (i.e., one-time outlays), monitoring costs, and implementation and
monitoring costs combined (all costs presented in year 2000 dollars).

65-7.1 Unit Costs of SAV Restoration
EPA expressed annualized unit cost estimates for 100 m? of SAV habitat to provide a direct link to the increased fish

production estimates for SAV restoration based on information from a number of completed and ongoing projects. The
following subsections describe the development of the annualized implementation and monitoring costs for SAV restoration.

65-7.1.1 Implementation costs

Save the Bay has a long history of SAV habitat assessment and restoration in Narrz;gansett and Mount Hope Bays. A Save the
Bay SAV restoration project begun in the summer of 2001 involved transplanting eelgrass to revegetate 16 m* of habitat at
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each of three sites in Narrapgansett Bay. EPA used cost information from this project to develop unit cost estimates for
implementing SAV restoration per 100 m’® of revegetated habitat,

Save the Bay’s cost proposal estimated that $93,128 would be required to collect and transplant eelgrass shoots from denor
SAV beds over 48 m® of revegetated habitat. These costs include collecting and transplanting the SAV shoots to provide an
initial density of 400 shoots per revegetaled square meter of substrate. Averaged over the 48 m” of habitat being revegetated,
this provides an average unit cost of $1,940 per m%. The unit costs comprise the following categories:

labor: 70.7 percent (includes salaried staff with benefits, consultants, and accepted rates for volunteers)
boats: 15.2 percent (expenses for operating the boat for the collecting and transplanting)

materials and equipment: 9.6 percent

overhead: 4.6 percent (calculated as a flat percentage of the labor expenses for the salaried staff).

¥y v v v

Contingency expenses were set at 10 percent ($194 per m?). The costs of identifying and evaluating the suitability of
potential restoration sites were set at ! percent ($19 per m?). No costs were added for maintaining the service flows provided
by the prOJCCt because SAV restoration requires little direct maintenance.

Costs were also adjusted to account for natural growth and spreadmg from the original transplant sites to the bare spots
between transplants (Short et al., 1997). For example, Dr. Frederick Short (University of New Hampshire’s Jackson
Estuarine Laboratory) planted between 120 and 130 TERFS (Transplanting Eelgrass Remotely with Frame Systems), each 1
m?, in each acre of seabed to be revegetated at a SAV restoration site (personat communication, P. Colarusso, U.S. EPA
Region 1, 2002). Assuming complete coverage over time, this results in a ratio of plantings to total coverage of between 1:31
(130 1 m* TERFS / 4,047 m? per acre) and 1:34 (120 1 m? TERFS / 4,047 m? per acre).

However, the initially bare areas between transplants do not revegetate immediately and the unit costs need to be adjusted
accordingly. Therefore, EPA assumed that the area covered with SAV would double each year. Under this assumption, the
entire restoration area would be completely covered with SAV in the sixth year of the restoration project. Using the habitat
equivalency analysis (HEA) method (Peacock, 1999), the present value of the natural resource service flows from the SAV
over the 6 year revegetation scenario is 90 percent of that provided by a scenario where the entire restoration area is
instantaneously revegetated with transplanted shoots.! Therefore, EPA applied 90 percent of the 1:34 planting-to-coverage
ratio, or 1:30 as an adjustment factor to Save the Bay’s cost estimates to account for the expected spreading from transplanted
sites to bare areas in a SAV restoration area. Table G5-33 presents the components of implementation unit cost for SAYV
restoration, incorporating this adjustment ratio in the last step.

Table 65-33: Implementation Unit Costs for SAV Restoration
Expense Category i Cost per m* of SAV Restored | Cost per 100 m* of SAV Restored

Direct restoration

(shoot collection and transplany) i SLOAD 5.1.9‘.‘ 000
Contingency costs

(10% of direct restoration) . : : $19,400
Rcstorauon site assessment (1% of direct

restoration) : $19 : £1,900
Subtotal wnhout allowance for dxsmbuuon of ; :

transplanted SAV shoots $2,154 : $215.400
Discounted planting to coverage ratio for

transplanted SAV ; 30:1 : 30:1
Final implementation unit costs §71.80 : $7,180
Annualized lmplcmentat:on unit costs : $6.76 : $676

! The HEA method provides a quantitative framework for calculating the presenr value of resource service flows that are
expected/observed to change over time.
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65-7.1.2 Monitoring costs

SAV restoration monitoring improves the inputs to the HRC analysis by quantifying the impact of the SAV restoration on fish
production/recruitment in the restoration area, and the rate of growth and expansion of the restored SAV bed, including
whether areas need to be replanted. The most efficient way to achieve both of these goals would be for divers to evaluate the
number of adult fish in the habitat and the vegetation density, combined with throw trap or drop trap sampling of juvenile fish
using the habitat (Short et al., 1997). Diver-based monitoring minimizes damage to sites, expands the areas that can be
sampled, and increases sampling efficiency compared to trawl-based monitoring (personal communication, J. Hughes, NOAA
Marine Biological Laboratory, 2001).

Save the Bay provided hourly rates for the divers and captain (personal communication, A. Lipsky, Save the Bay, 2001), and
the daily rate for the boat was based on rate information from NOAA’s Marine Biological Laboratory in Woods Hole
{personal communication, J. Hughes, NOAA, 2001). Because SAV monitoring costs will be significantly affected by the size,
number, and distance between restored SAV habitats, large areas can be covered in a single day only when continuous
habitats are surveyed. Smaller, disconnected habitats will require much more time to cover. Therefore, total monitoring costs
are somewhat unpredictable. Unit costs for monitoring were therefore assumed to be equal to the initial per unit revegetation
costs in terms of the up front funding that would be required to cover the 10 years of monitoring (i.e., $7,180). Under the
typical HRC costing construct this was equivalent to a per unit monitoring expense in the first year of $787. This simplifying
assumption is unbiased (i.e., it is not known or expected to over- or underestimate costs). The summary of the available SAV
monitoring costs and the calculated annualized per unit monitoring cost based on an assumed annual expense of $787 per unit
are presented in Table G5-34,

Table 65-34: Estimated Annual Unit Costs for a SAV Restoration Monitoring Program

Annual Expenditures

Expense Category Quantity Daily Rate Total Cost

Monitoring crew i3 (2 divers'and boat captain/assistant) : $268
: 8150

N B

Monitoring boat

Total daily rate

Assumed annual cost for SAV monitoring per 100 m? restored habitat

Annualized menitoring cost per 100 m? restored habitat

65-7.1.3 Total submerged aquatic vegetation restoration costs

Combining the annualized unit costs for implementation and monitoring, the total annualized cost for a 100 m? unit of SAV
restoration is $1,234 (rounded to the nearest dollar).

65-7.2 Unit Costs of Tidal Wetland Restoration

Many different actions may be needed to restore flows to a wetland site, and project costs can vary widely, depending on the
actions taken and a number of site-specific conditions {e.g., salinity levels at proposed restoration sites). These issues are
addressed in the following subsections, which present the development of the unit costs for tidal wetland restoration.

65-7.2.1 Implementation costs

Costs for restoration of tidally restricted marshes depend heavily on the type of restriction that is impeding tidal flow into the
wetland and the amount of degradation that has occurred as a result. Possible sources of the restriction in tidal flow include
improperly designed or iocated roads, railroads, bridges, and dikes, all of which can eliminate tidal flows or restrict tidal
flows via improperly sized openings. A compilation of tidally restricted salt marsh restoration projects in the Buzzards Bay
watershed (Buzzards Bay Project National Estuary Program, 2001) describes restrictions and costs to return tidal flows to
over 130 sites. These cost estimates include expenses for project design, permitting, and construction, and are estimated on a
predictive cost equation that was fitted from the actual costs and budgets for a limited number of projects {Buzzards Bay
Project National Estuary Program, 2001).
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Staff involved in the Buzzards Bay assessment provided the current project database, which includes the following
information {personal communication, J. Costa, Buzzards Bay National Estuary Program, 2001):

nature of the tidal restriction

estimated cost to address the tidal restriction

size of the affected tidal wetland (in acres)

acreage of the Phragmites in the tidally restricted wetland.

Yy ¥ v

Public agencies undertook some of the work in the projects used to develop the cost estimation equation for the tidally
restricted wetlands in the Buzzards Bay watershed. Because the costs from public agencies are generally lower than market
prices (i.e., the price for the same work if compieted by private contractors), EPA adjusted the cost estimates upward by a
factor of 2.0, consistent with the adjustment recommended in the report (Buzzards Bay Project National Estuary Program,
2001) and discussions with project staff and others involved with tidal wetlands restoration programs in the area {personal
communication, J. Costa, Buzzards Bay National Estuary Program, 2001; personal communication, S. Block, Massachusetts
Executive Office of Environmental Affairs - Wetlands Restoration Program, 2001).

The adjusted total project costs from the Buzzards Bay praoject database were then divided by the reported acres of
Phragmites in the wetland to calculate the cost per acre for restoring tidally restricted wetlands where Phragmites had
replaced the salt tolerant vegetation characteristic of a healthy tidal wetland (sites with no reported acres of Phragmites were
eliminated from consideration).? Table G5-35 summarizes costs based on the cost factor (an input in the cost estimation
equation), type of restriction found at the site, and the number of Phragmites acres at the location. An alternative summary of
these projects is presented in Table G5-36, where the projects are organized by acres of Phragmites at the site, not the current
tidal restriction.

Combined, Tables G5-35 and (G5-36 show significant variability in the per acre costs for tidal wetland restoration. Therefore,
EPA incorporated the median cost of $71,000 per acre of tidal wetland restoration into the HRC valuation and calculation of
the unit cost for tidal wetland restoration. Table G5-37 presents the final per acre implementation costs for tidal wetland
restoration and the annualized equivalent implementation cost incorporated in this HRC. These costs include the median per
acre restoration cost of $71,000 and a $750 per acre fee to reflect the assumed purchase price for this type of land based on
the experience of purchases of similar types of land parcels by the Rhode Island Department of Environmental Management’s
Land Acquisition Group (personal communication, L. Primiano, Rhode Island Department of Environmental Management,

2001).

? The adjustment of reported costs upward by a factor of 2.0 was made solely to reflect expected cost differences between private
contractors and public agencies that might perform the work required to restore full tidal flows. Additional site speeific factors, such as
salinity levels, that may affect project costs by influencing the types of actions taken and/or the time to successful resioration of typical
tidally influenced wetland vegetation at a project site have not been incorporated in this adjustment process.
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Table 65- 35 Suh Mar‘sh Restoraflon Costs

Cumulatlve d

Restriction Cost | Number : Phragmites | Average Cost per  : Minimum Cost

Average

3 Total Privnte Maximum Cost per

Structure Class : Factor ‘Phragmues Acres: of Sites | Acreape 5 Phragmites Cost* : Phragmites Acre per Phragmites Phragmrtes Acre Restored
: : : : © Acreage : Restored ¢ Acre Restored :
L : : across sites : : P :
0.5 iacres <1 §335,357 $50,889 $17,921 $578,081

$3242 1 $71,045

Cu]veﬂ‘” :
culven"m”m : ' $1225,745 $26,633 $5,312 $84,770
B R e s S e
o L $§i"4‘5’im'd§ _______________ g e — s
CUse0s3000 | ssoaalr 0 ssoadlr . ssodat7
.............. NS NN ) O S S S s $25|146$25]l46
""""""" $201058 7 Teae3ess 5293958
L $15265  ©  SI5265 T Tsispes
: ) , S14R819 5154697 U sasest | sssersz
bridge 3 facres< 1 L8 s 064 | S21208029 . $4,140,576 ¢ - $184170 |  $13.418203 .
bidge ¢ 3 l<acres<s a2 i 2133 ¢ 228 isan704600 | $1,014.192 T”Wé'iéliﬂéli‘é """"""" A $3.663.062
e , B L vy S e R ooty
R 3 <acres<10 | S STV EECUR et S $889883 .......... A o
i R ;10<acres<25 s st o R e oy e T e
i 25 <acres<30 s R s T s
S S0<acres e B il S B G $163826 Cnems
ilroad T T Caeres e s T e T 0 s ome0r T 208476 i 5208033 ¢ $13.418203

® Private costs were estimated by multiplying reported project costs by an adjustment factor of 2.0 to approximate the expense if all work was complcted by private contractors.
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Table 65-36: Average per Acre Cost of Restoring Phragmites in
Buzzards Bay Restricted Tidal Wzﬂands by Size Class of Site

Number of (;:zul;:::: | Averape Average Cost per Phragmites
Phragmites Acres uSitesr Acreagi across Azrea ge : : Total Private Cost : Acre Restored (from total
: : sites cost and acres)
acres < | ; . : . P823,630,245 $878,121
. . . $299153 ...................
...$190 992..._._“.
..,,....$623 895
: A $52 20
........................................................... 354540 ....................
Tma] .......................... ........ 133 ........... 5 9196 .......... 445 ......... ...... $|73475370 ________ $293053(med;an$71000)
Table 65-37: Implementation Costs per Acre of
Tidal Wetland Restoration Incorporated in the HRC valuation
Implementation Cost Description Source of Estimate Cost
Restore tidal flows to restricted areas éMcdian of adjusted costs from Buzzards $71,000
i Bay project database :
Acquire tidal wetlands | ‘Midpoint of range of paid for tidal | s750
‘wetlands by R.hode island DEM :
Tota[onctlme|mpIementanoncosts .............. $71750 .......................
Annualuedxmplemcmanon I o e ........................ 56758 ........ R

65-7.2.2 Monitoring costs

Neckles and Dionne (1999) present a sampling protocol, developed by a workgroup of experts, for evaluating nekton use in
restored tidal wetlands. The sampling plan calls for different sampling techniques and frequencies to capture fish of various

sizes in both creek and flooded marsh habitats of a tidal wetland. A summary of these recommendations is presented in
Table G5-38.

Table £65-38: Sampling Guidelines for Nekton in Restored Tidal Wetlands

Sampling Location | Sampling Technigue | Sampling Time 5 Sampling Frequency
Creeks gThrow traps émidtide 2 dates in August
(for smali fish) ; : 1
Creeks Fyke net 5 ack tide :2 datcs in August (same as for throw trap
(for larger fish) : work) and 2 dates in spring
Flooded wetland surface Fyke net _ennre tide cycle -1 date in August

Source: Neckles and Dionne, 1999.

The sampling protocol suggests that one technician and two volunteers can provide the necessary labor. The estimated annual
cost in the first year of monitoring is $1,600. This cost comprises $490 in labor for the three workers over 5 days (3 in
August and 2 in the spring, with 8-hour days, $15 per hour for volunteers, and $30 per hour for the technician). The $1,100 in
equipment costs includes two fyke nets at $500 each and two throw traps at $50 each (Neckles and Dionne, 1999). The

annualized equivaient of these monitoring costs is $1,146 and is applied as a per-acre cost for monitoring in this HRC
valuation.
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65-7.2.3 Total tidal wetland restoration costs

Combining the annualized per-acre implementation and monitoring costs for tidal wetland restoration results in an annualized
per-acre cost for tidal wetland restoration of $7,904. This is equivalent to an annualized cost for tidal wetland restoration of
$1.95 per m? of restored tidal wetland (4,047 m® = 1 acre) which is incorporated into this HRC for consistency with the
estimates of increased fish production from tidal wetland restoration which are also expressed on a per m? basis.

65-7.3 Artificial Reef Unit Costs

The unit cost estimates for developing and monitoring artificial reefs are based the construction and monitoring of six 30 fi x
60 fi reefs made of 5-30 cm diameter stone in Dutch Harbor, Narragansett Bay (personal communication, J. Catena, NOAA
Restoration Center, 2001). While these reefs were constructed for lobsters, surveys of the Dutch Harbor reef have noted
abundant fish use of the structures (personal communication, K. Castro, University of Rhode Island, 2001).

65-7.3.1 Implementation costs

The summary cost information for the design and construction of the six reefs in Dutch Harbor, as it was received is presented
in Table G5-39 (personal communication, J. Catena, NOAA Restoration Center, 2001).

Table £65-39: Summary Cost Information for Six Artificial Reefs in Dutch Harbor, Rhode Island

Project Component Cost

Project design ‘not exp]lcntly valued, received as m-kmd servnces

Baseline site evaluation

.ﬁ;é}:-ﬁ;ienals (600 yd3 of2|2mst0ne) $12 000
Recf consrrucnon $35 400
Total $59 680

EPA converted these costs to cost per square meter of surface habitat. The cumuiative surface area of the six reefs, assuming
that the reefs have a sloped surface on both sides, and based on the volume of material used, is approximately 1,024 m’.
Dividing the total project costs by this surface area results in an implementation cost of $58/m? of artificial reef surface
habitat with an equivalent annualized implementation cost of $5.4%/m”.

65-7.3.2 Monitoring costs
Monitoring costs for the Dutch Harbor reefs were $140,000 over a 5 year period. Assuming this reflects an annual

monitoring cost of $28,000, the equivalent annual monitoring cost is $27/m” of artificial reef surface habitat with an
equivalent annualized cost of $19.36/m’.

65-7.3.3 Total artificial reef costs

Combining the annualized costs for implementation and monitoring of an artificial reef provides a total annualized cost of
$24.85/m? which EPA used in the Pilgrim HRC valuation.

65-7.4 Costs of Anadromous Fish Passageway Improvements

EPA developed unit costs for fish passageways from a series of budgets for prospective anadromous fish passageway
installation, combined with information provided by staff involved with anadromous species programs in Massachusetts and
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Rhode Island. The implementation, maintenance, and monitoring costs for a fish passageway are presented in the following
subsections.

65-7.4.1 Implementation costs

Projected costs for four new Denil type fish passageways on the Blackstone River at locations in Pawtucket and Central Falls,
Rhode [sland, provide the base for the implementation cost estimates for anadromous fish passageways (personai
communication, T. Ardito, Rhode Island Department of Environmental Management, 2001). The reported lengths of the
passageways in these projects ranged from 32 m to 82 m, with changes in vertical elevation ranging from slightly more than 4
m to approximately 10 m.

The average cost for these projects was $513,750 per project. The average cost per meter of passageway length was $10,300
and per meter of vertical elevation covered was $82,600. These estimates are consistent with the approximate values of
$9,800 per meter of passageway length and $98,000 per vertical meter suggested by the U.S. Fish and Wildlife Service’s
regional Engineering Field Office (personal communication, D. Quinn, U.S. Fish and Wildlife Service, 2001). While all
parties contacted noted that fish passageway costs are extremely sensitive to local conditions, EPA used the estimate of
$513,750 as the basic implementation unit cost for installing an anadromous fish passage, assuming the characteristics of the
four sites on the Blackstone River are representative of the conditions that would be found at other suitable locations for new
passageways. ' )

65-7.4.2 Maintenance and monitoring costs

Maintenance requirements for the Denil [ish passageway are minimal and generally consist of periodic site visits to remove
any obstructions, typically with a rake or pole (personal communication, D. Quinn, U.S. Fish and Wildlife Service, 2001).
Denil passageways located in Maine are still functioning after 40 years, so no replacement costs were considered as part of
the maintenance for the structure. Monitoring a fish passageway consists of installing a fish counting monitor and retrieving
its dala. . :

A new fish passageway would be visited three times a week during periods of migration (personal communication, D. Quinn,
U.S. Fish and Wildlife Service, 2001). Each site visit would require 2 hours of cumulative time during 8 weeks of migration.
Volunteer labor costs of $15.39/hr incorporated in Save the Bay’s SAV restoration proposal. Therefore, the annual cost for
labor in the first year would be $740. The cost of a fish counter is $5,512, based on the average price of two fish counters
listed by the Smith-Root Company (Smith-Root, 2001).

65-7.4.3 Total fish passageway unit costs

In developing the unit costs for fish passageways it is first necessary to combine the expected cost of the passageway itself
with the cost of the fish counter as these are both treated as initial one time costs. This combined cost is $519,262 which has
an equivalent annualized cost of $48,914. The equivalent annualized cost for the anticipated $740 in labor expenses for
monitoring is $523. The resulting combined annualized cost for a new Denil fish passageway that is incorporated tn this HRC
valuation is $49,438 (rounded to the nearest dollar).

G5-8 ToTAL COsT ESTIMATION

The eighth and final step in the HRC valuation is to estimate the total cost for the preferred restoration alternatives by
muitiplying the required scale of implementation for each restoration alternative by the complete annualized unit cost for that
alternative. EPA made a potentially large cost reducing assumption: no additional HRC-derived benefits were counted in the
total benefits figures for species for which habitat productivity data are not available. If this assumption is valid, then the cost
of each valued restoration alternative (except water quality improvement and fishing pressure reduction, which were not
valued) is sufficient to offset the I&E losses of all Pilgrim species that benefit most from that alternative. EPA then summed
the costs of cach restoration program to determine the total HRC-based annualized value of all Pilgrim losses (i.e., muitiple
restoration programs were required to benefit the diverse species lost at Pilgrim).

The total HRC estimates for the Pilgrim facility are provided in Table G540, along with the species requiring the greatest
level of implementation of each restoration alternative to offset [&E losses from among those for which information was
identified that allowed for the development of estimates of increased [ish production following implementation of the
restoration alternative.
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Table 65-40: Total HRC Estimates for Palgrtm I&4E Losses
Specnes Benefitting from the Restoration

Preferred Alternative ' Required Units | Uit ofMeasure - qp b Total
Restoration : of Restoration for Preferred . | alized | Annualized
! : { Average Annual : ; Restoration : R :
Alternative Species { I&E Loss of Age : Implementation® Alternative Unit Cost Cost
i : 1 Equivalents : : :
Restore SAV iNorthern pipefish 118 ; 47 100 m? of directly  © $1,233.50 | $57,975
‘Threespine stickleback 118 6 ‘revegetated substrate | :
: Atlantic cod : 2,439 : Unknown : :
‘Pollack 525 ! Unknown
Restore tidal :Winter flounder : 210,7 15 : 2,429,812 ‘m’ of restored tidal | $1.95  $4,746,249
wetland  Atlantic silverside 25,929 139,539 fwetland : ;
éStriped killifish 90 527 i
: American sand lance : 4,116,285 : Unknown
:Grubby 879 i Unknown
:Striped bass 9 ! Unknown
‘Bluefish : 2 ' Unknown
Create artificial ~ :Cunner : 993911 - 176,218 ‘m® of reef surface area $24 85 $4 379,701
reefs i Tautog : 1,076 36,699 : ! .
‘Rock gunnel © 4862872 | Unknown
;Radiated shanny : 1,644,456 i Unknown
iSculpin spp. 734,773 Unknown ; : i
. Tnstall fish : Alewife 4343 0.49 ‘New fish passageway $49 43764 | $49.438°
passageways :Rainbow smelt ©1,330,022 ¢ Unknown : :
iBlueback herring 703 Unknown
:White perch ; 73 : Unknown i ;
Species not valued: Blue mussel ¢ 160,000,000, 000 . Unknown forall | Restoration measures N/A N/A
:Fourbeard rockling 411,191 : | unknown — survival | :
{ Atlantic herring : 29079 ‘ and reproduction may !
{Windowpane 17,542 ! be improved by other :
: Atlantic menhaden 14,270 ! regional objectives |
: Atlantic mackere! : 6,662 : i such as improving
{Searobin 3,767 i water quality or
‘Red hake 1,774 ; reducing fishing
{Lumpfish i 1,297 : . pressure if projects !
: Butterfish 399 | can be identified and |
: American plaice : 221 : . arepermanent
:Scup 114  improvements.
iLittle skate 78 ' :
: Bay anchovy ; 18
jl-{ogchoker 2 : : :
Total annualized HRC valuation i $9,233.362

* Numbers of units used to calculate costs for each restoration alternative are shown in bold and have been rounded to the nearest unit.
® Anadromous fish passageways must be implemented in whele units, and increased production data are lacking for most affected
anadromous species. Therefore, one new passageway was assumed to be warranted.

To facilitate comparisons with the costs of alternative contral technologies that could be considered to reduce I&E losses at
the Pilgrim facility, the combined I&E losses are broken down with separate values developed for the losses to :mpmgement
and entrainment (Tables G541 and G542 respectively).

A result of interest from Tables G5-41 and (G5-42 is that the sum of the valuations of the impingement and entrainment losses
is close to the valuation when the 1&E losses were combined ($9.6 million versus $9.2 million). This consistency is not a
given when the HRC process is used to address I&E losses separately from [&E losses combined because different species
may drive the scaling of the restoration alternatives when I&E losses are treated separately (e.g., see the results for tidal
wetlands in Tables G5-41 and G5-42, where different species drive the scaling for the impingement and entrainment losses,
respectively).

An alternative presentation of the HRC valuation of the I&E losses at the Pilgrim facility is presented in Figure G5-5.
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter 65: HRC Valuation of I4E Losses

Table 65-41: Total HRC Estimates for Impnngemenf Losses at Pllgrnm
i Species Benefitting from the Restoration !

Preferred Alternaflve Reqmred Units of ; Umts of Measure i Total : Total
Restoration i Average Annuzl . pogoration gr :’reffrred } Annualized | Annualized
Alternative Species g lmpu:)%e:;een: Loss Implementation" Aletse:;:til\?: Unit Cost Cost

Equivalents i
Restore SAV Northern pipefish ; 118 : 47 100 m’ of directly $1,233.50 $57,975
Threespme stickleback 118 6 ‘revegetated
{ Atlantic cod 301 i Unknown ‘substrate
;Pollack ; 33 ; Unknown ; : _
Restore tidal :Atlantlc silverside 20,842 112,163 im’ of restored tldﬂ] $1.95 §219,092
wetland :Winter fiounder : 1,144 : 13,000 ,wetland :
iStriped killifish 90 527 : '
:Grubby 879 : Unknown
{American sand lance 27 Unknown
iStriped bass 9 Unknown
; :Bluefish 2 i Unknown : i
Create artificial  :Tautog : 201 : 6,855 im’ of reef surface $24.85 $170,333
reefs :Cunner 411 : 70 ';area
‘Rock gunnel : 77 {  Unknown
‘Radiated shanny : 54 Unknown
Sculpm spp. ‘ 13 : Unknown i i
Install fish :Alewxfe : 4,343 0.49 New fish $49 437.64 . 549438
passageways {Rainbow smelt : 6,885 : Unknown :passageway H
:Blueback herring 703 Unknown :
JWhlte perch 73 : Unknown : : H
Species not valued : Blue mussel 150 {" Unknown for all :Restoration N/A N/A
§Atlant|c herring : 8,836 imeasures unknown :
{Atlantic menhaden 6,165 :— survival and
: Butterfish 399 ireproduction may
:Windowpane 284 ibe improved by
:Red hake 229 ‘other regional
Lumpfish 217 :objectives such as
:Scup 114 {improving water
iLittle skatc 78 ‘quality or reducing |
:Searobin 69 : ‘fishing pressure if
:Bay anchovy 18 :projects can be
:Atlantic mackerel 3 : ‘identified and are
F ourbeard rockling 2 ;permanent
‘Hogchoker 2 improvements.
iAmerican plaice : 0 ; ; ;
Total annuahzed HRC valuation $496,878

* Numbers of units used to calculate costs for each restoration alternative are shown in bold.

® Anadromous fish passageways must be implemented in whole units, and increased production data are lacking for most affected
anadromous species. Therefore, one new passageway was assumed to be warranted.
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Table 65-42: Total HRC Estimates for EnTrummenf Losses at Pligrlm
! Species Benefitting from the Restoration

Preferred  — Alternative . Required Units | Umitsof Measure & po 4 pocal
Restoration : Aver?ge Annual of Restoration l'tl); Ptrefetl:r ed ‘fAnmlaIized : Annualized
Alternative Species : E“trz;“;“ge:: Loss Implementation*® AT:e:;: t;:: Unit Cost Cost

: Equivalents | 5 : :
Restore SAV :Northern Pipefish 0 0 100 m’ of directly | $1,233.50 | Unvalued

i Theespine stickleback : 0 i 0 irevegetated substrate : :

{ Atlantic cod 2,138 ' Unknown :

: :Pollack ‘ 492 : Unknown ; : :
Restore tidal .Wmtcr flounder 209,571 i 2,416,621  im’ofrestoredtidal i $1.95 | $4,720,482
wetland : Atlantic silverside : 5,087 : 27,376 Awetland : :

Striped killifish : 0 b 0 ?

 Grubby 0 ; 0

‘Striped bass : 0 ; 0 ;

{Bluefish 0 ]

:American sand lance 4,116,258 i Unknown ; :
Create artificial ECunner 993,500 176,145 :m’ of reefsurface | $24.85 | $4,377,887
reefs ‘Tautog 875 29,843 ‘area : :

:Rock gunnel : 4,892,795 : Unknown :

{Radiated shanny ! 1,644,402 ;  Unknown

Sculpm spp. * 734,760 ‘ Unlnown
Install fish ;Alewﬂ'e 0 0 New fish $49 437. 64 “Unvalued
passageways :Rainbow smelt : 1,323,137 ; Unknown ipassageway ; ;

{Blueback herring ; 0 © Unknown

: White perch _‘ 0 i Unknown
Specues not valued | Blue mussel 139, 000,000, 000 : .Unknown for all Restoranon i NA . NA

:Fourbeard rockling : 411,189 ° § imeasures unknown - ;

: Atlantic herring 20,243 {survival and

i Windowpane : 17,258 § i reproduction may be |

: Atlantic menhaden : 8,105 {improved by other |

{ Atlantic mackere] 6,659 iregional objectives

: Searobin : 3,698 : isuch as improving

iRed hake 1,545 i water quality or

:Lumpfish 1,080 ireducing fishing

:American plaice : 221 : : pressure if projects

! Butterfish 0 ‘can be identified and

iScup : 0 : ‘arc permanent :

:Little skate 0 {improvements.

i Bay anchovy 0 :

§Hogchoker 0

T T T T T T T T L T T T T

“Total annualized HRC valuation | $9,098,369
* Numbers of units used to calculate costs for each restoration alternative are shown in bold.
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Figure 65-5: I&E Overview: Pilgrim Habitat-Based Replacement Costs {(annualized cost results)

1. Ape-1 equivalents losses per year

I: 53.000 fish

E: 14 million fish plus [60 billion mussels

Y L 4

2. Tidal wetland restoration costs 2. SAV costs

I: Atlantic silverside $219k/yr I: northern pipefish $58k/yr

E:winter flounder $4.7M/yr E:northern pipefish unvalued

I&E: winter ffounder $4.7M/yr 1&E: nonthern pipefish $58k/yr
2. Artificiail reef costs 2. Fish passage costs

I: tautog $170k/yr I: alewife $49kAT

E:cunner $4.4M/yr < > E:alewife unvalued

I&E: cunncr $4 4M/yr I&E: alewife $49k/yr

y

2. Specices for which HRC values not calculated
1: 14 fish and | mussel species unvaiued {16.600 lost per year)
E: 14 fish and 1 mussel species unvalued (160 billion fost per year)
I&E: 14 fish and 1 mussel species unvalued (160 billion lost per year}

Y y

3. Total HRC (tidal wetlands + SAV + artificial reefs + fish passage)
I: $0.5M/yr
E:$9.1Mfyr
I&E: $9.2M/jyr

A
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65-9 CONCLUSIONS

HRC analyses indicate that the cost of replacing organisms lost to I&E at the Pilgrim CWIS through habitat replacemnent is at
least $9.2 million in terms of annualized costs. This value is significantly greater than the maximum annual value of $0.7
million for Pilgrim calcuiated by summing the maximum annua! values for the various components from the commercial and
recreational loss method. Recreational and commercial fishing values are lower primarily because they include only a small
subset of species, life stages, and human use services that can be linked to fishing. In contrast, the HRC valuation is capable
of valuing many more and, in some cases, all species and life stages, and inherently addresses all of the ecological and public
services derived from organisms included in the analyses, even when the services are difficult to measure or poorly
understood.

Data gaps, time constraints, and budgetary constraints prevented this HRC valuation from addressing most of the aquatic
organisms lost to I&E at the Pilgrim facility, In particular, annual losses of 160 billion blue mussels and 490,000 fish
comprising 14 species were not included in this HRC valuation. In addition, when confronted with data gaps EPA
incorporated many cost-reducing assumptions. The Agency used this approach because the purpose of this analysis is an
evaluation of potential ecormomic losses from I&E at the Pilgrim facility and not to implement the identified restoration
alternatives. The Agency incorporated these cost-reducing assumptions to ensure that benefits of various regulatory options
would not be over estimated. Actual implementation of this HRC analysis in terms of restoring sufficient habitat to offset
I&E losses at the Pilgrim CWIS is probably greater, and possibly much greater, than the current annualized estimate of $9.2
million.
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Chapter G6: Benefits Analysis

Chapter G6: Benefits Analysis for
the Seabrook and Pilgrim Facilities

This chapter presents the results of EPA’s evaluation of
the economic benefits associated with reductions in I&E at
the Seabrook and Pilgrim facilities. The economic
benefits that are reported here are based on the values
presented in Chapter G4 and EPA’s estimates of current
I&E at these facilities (discussed in Chapter G3). Section
G6-1 presents a summary of 1&E losses and associated
economic values. Section G6-2 presents economiic losses
at Pilgrim expressed in terms of habitat replacement costs
(HRC), as discussed in Chapter G5. Section G6-3
discusses potential benefits of reductions in 1&E based on

both the benefits transfer approach presented in Chapter G4

CHAPTER CONTENTS

G6-1

G6-2
G6-3

G6-4

Overview of I&E and Associated Economic

Values .. ... i .. Gé-1
Baseline Losses Usmg HRCMethod ............ G6-8
Anticipated Economic Benefits of Reduced I&E |
from Various Technologies ... ...~ ... G6-8

Summary of Omissions, Biases, and Unccﬂamtxes_* e
in the Benefits Analysis .......... e e e

and the HRC approach presented in Chapter G5. Section G6-4 discusses the uncertainties in the benefits analysis.

G6-1 OVERVIEW OF I&E AND ASSOCIATED EcONOMIC V ALUES

The flowchart in Figure G6-1 summarizes how economic values of I&E losses at Seabrook were derived from the I&E
estimates discussed in Chapter G3. Figures G6-2 and G6-3 indicate the distribution of Seabrook’s I&E losses by species
category and associated economic values. Figures G6-4 through G6-6 present this information for the Pilgrim facility. These
diagrams reflect baseline losses based on current technology. All dollar values and percentages of losses reflect midpoints of
the ranges for the categories of commercial, recreational, nonuse, and forage values.
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Chapter G6: Benefits Analysis

Figure 66-1: Overview and Summary of Average Annual I&E at the Seabrook Facility and
Associated Economic Values (based on current configuration; all results are annualized)®

1. Number of organisms lost {egos, larvae, juveniles, etc.)’
I: 10.000 organisms
E: 831 million organisms

2. Ape 1 equivalents lost (number of fish)"
1: 13,100 fish (4,600 forage, 8.500 commercial and recreational)
E:4.5 million fish (4.2 million forage. 299600 commercial and recreational)

k.

3. Loss to fishery (recreational and commercial han-esﬁ"
I: 1.400 fish (1.800 1b)
E:32.700 fish (29,300 Ib)

\

¥

4. Valuc of Commercial losses
1: 1,200 fish (1.500 Ib)
$2.400 (57.6% of $I loss)
E: 15,300 fish (11.200 Ib)
$28.900 (12.9% of $L loss)

5. Value of Reereational losses
F: 236 fish (290 1b)
$1,200 (28.0% of $1 loss)
E:17.500 fish (18.200 Ib)
$81.200 (36.2% of $E loss)

Y

6. Value of Forage losses
(valued using either replacement
cost method or as praduction
foregone to fishery yieid)
I: 4,600 tish
$20 (0.4% of $1 loss)
E:4.2 million fish
$73.600 (32.8% of $E loss)

7. Nonuse Values
I: $600 (14.0% of $1 loss)
E: 540,600 (18.1% of SE loss)

# All dollar values are the midpoint of the range of estimates.
® From Tables G4-2, G4-4, G4-15 and G4-16 of Chapter G4.
Note: Species with [&E <1% of the total I&E were not valued.
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Figure G6-2: Seabrook: Distribution of Impingement Losses by Species Category

/ 35.1% Farage Fish’
UNDERVALUED (valued

using replacement cost
method or as production
foregone to fishery yicld)

WD

54.2% Commercial and
Recreational Fish®
UNVALUED (ic.,
unharvested)

f0% of 81}

10.7% Commercial and

Recreational Fish®
VALUED (as direct loss to

fishery; commercial losses are
Total: 13,100 fish per year (age 1 equivalents)® 9.2% of total)
Total impingement value = $4,200" {85.6% of $I} ®

* Impacts shown are to age 1 equivalent fish, except impacts to the commercially and recreationally harvested fish include impacts for
all ages vuinerable to the fishery.
5 Midpoint of estimated range. Nonuse vatues are 14.0% of tota! estimated $I loss.

Gé6-3



§ 316(b) Case Studies, Part 6: Seabrook and Pilgrim Chapter G6: Benefits Analysis

Figure G6-3: Seabrook: Distribution of Entrainment Losses by Species Category

5.9% Commercial and

Recreational Fish”
UNVALUED (i.c.,
unharvested)

[0% of SE] °

0.7% Commercial and

Recreational Fish®
VALUED (as direct loss to

fishery; commercial losses are
0.3% oftotal)

[49.1% of SE] °

93.4% Forage Fish®
. UNDERVALUED (valued
using replacement cost
method or as production
foregone to fishery yield)

[32.8% of SE] °

Total: 4.5 million fish per year (age 1 equivalents)®

Total entrainment value = $224,100"

® Impacts shown are to age | equivalent fish, except impacts to the commercially and recreationally harvested fish include impacts for

all ages vulnerable to the fishery.
® Midpoint of estimated range. Nonuse values are 18.1% of total estimated SE loss.
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Chapter G6: Benefits Analysis

Figure 66-4: Overview and Summary of Average Annual I&E at the Pilgrim Facility and Associeted
Economic Values {based on current configuration; all results are annualized)”

1. Number of organisms lost (eggs, larvae, juveniles, etc.)”
I: 37.300 organisms
E: 4.40 bitlion organisms

2. Age 1 equivalents lost (number of fish)"
I: 52.800 fish (1.600 foruge. 51.200 commercial and recreational)
E: 14.4 million fish (11.8 million forage. 2.6 million commercial and recreational)

y

3. Loss to fishery (recreational and commercial harvest)®
1: 6.300 fish (4.300 Ib) .
E:121.000 fish (91,100 1b)

A

.

4. Value of Commercial }osses
I: 5.900 fish (3.80¢ Ib)
$1.300 (31.9% of $1loss)
E:47.300 fish (33.700 Ib)
$77.000 (12.2% of $[: loss)

5. Value of Recreationai losses
1: 371 fish (186 Iby
$1.800 (44.6% of $1 loss)
E:73.600 fish (45.800 Ib)
$348.600 (55.4% ol SE: loss)

Y

6. Value of Forage losses
(valued using either replacement
cost method or as production
foregone to fishery vield)
I: 1.600 fish R
$90 (1.3% of $1 loss)
E: 11.2 million fish
$29.300 (4.7% of $E ioss)

7. Nonusc Values
I: $900 (22.3% of 81 loss)
E: $174.300 (27.7% of $E loss)

8. Habitat replacement cost
I: $840.,000 per year
E:$12.3 million per year

* All dollar values are the midpoint of the range of estimates.
® From Tables G4-3, G4-5, G4-17, and G4-18 of Chapter G4.
Note: Species with [&E <1% of the total I&E were not valued.
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Figure G66-5: Piigrim: Distribution of Impingement Losses by Species Category and Associated
Economic Vaiues

11.9% Commercial and

Recreational Fish®
VALUED as direct loss to
fishery (commercial losses

are 11.2% of total)
[76.4% of 8] °

3.1% Forage Fish"
UNDERVALUED (valued using
replacement cost method oras
production foregone to fishery
yield)

[1.3%of $1]°

85.1% Comumercial and

Recreational Fish®
UNVALUED (i.e.,
unharvested)

[0% of $I7°

Total: 52,800 fish per year (age 1 equivalents )B
Total impingement value: $4,[00b

* Impacts shown are to age 1 equivaient fish, except impaets to the commercially and recreationally harvested fish include impacts for

all ages vulnerable to the fishery. _
® Midpoint of estimated range. Nonuse values are 22.3% of total estimated $I loss.
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Figure 66-6: Pilgrim: Distribution of Entrainment Losses by Species Category and Associated
Economic Values

21.4% Commercial and

Recreational Fish®
UNVALUED (ie.,
unharvested)

0% of SEJ

77.8% Forage Fish®
UNDERVALUED
(valued using
replacement cost
method or as production
foregone to fishery
yield)

[4.7% of $E}°

Recreational Fish®

[67.6% of SE] °

Total: 14.4 million fish per year (age 1 equivalents)’
Total entrainment value = $628,800

0.8% Commercial and

VALUED as direct loss to
fishery (commercial
losses are (.3% oftotal)

* Impacts shown are to age | equivalent fish, except impacts to the commercially and recreationally harvested fish include impacts to all

ages vulnerable to the fishery.
® Midpoint of estimated range. Nonuse values are 27.7% of total estimated $E loss.
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66-2 BASELINE LOssEs UsINé HRC METHOD

Chapter G5 presented baseline economic losses using the HRC approach. Baseline losses for [&E are $0.5 million and $9.1
million per year, respectively, for Pilgrim. These HRC values were used as an upper bound of I&E losses, while the midpoint
of the benefits transfer values were used as a lower bound. The HRC approach was not applied to I&E for Seabrook.

G6-3 ANTICIPATED ECONOMIC BENEFITS OF REDUCED I&E FROM VARIOUS
TECHNCLOGIES

Tables G6-i and G6-2 show the estimated economic benefits of various I&E reductions at the Seabrook and Pilgrim facilities,
respectively. The benefits of reducing I&E at Seabrook are expected to range from $2,000 to $3,000 per year for a 60%
reduction in impingement and from $97,000 to $216,000 per year for a 70% reduction in entrainment. The benefits of
reducing I&E at Pilgrim are expected to range from $2,000 to $298,000 per year for a 60% reduction in impingement and
from $440,000 to over $6.4 million per year for a 70% reduction in entrainment.

Note that the results derived for Pilgrim reflect loss estimates derived from an HRC analysis; similar HRC findings are not
available for Seabrook. This is a key reason why the Pilgrim losses are much higher than the Seabrook estimates, at the upper
end of the range.

Table &6-1: Summary of Current Economic Losses and Benefits of a Range of Potential
I&E Reduchons at Seabrook Facility ($2000)

; Impingement | Entrainment Total

Baseline [osses Colow $3,000 L $139,000 i $142,000
""" high | $5000 | $309000 .  $314000
Benehis of 10% reduerians T ow T so 7 Tsiae00 T Tsma000
e fr e e
Benefits of 20% reductions . low  $1,000  §28000 ¢ $28000
" high T s000 T Tse2000 0 se3000
Benefits of 30% reductions | low . $1,000 . 342000 | $43.000
........... S e e
S e
8200 - Us124000 ¢ $126000
Benefits of S0%reductions ~ © _ low $2000 """" 570000 $7.000

$155,000 : $157,000

..............................................................................................................

Benefits of 80% reductions

Benefits of 90% reductions

high $5,000 © o $278,000 | $283,000
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Teble 66-2: Summary of Current Economic Losses and Benefits of a Range of Potential
I&E Reductions at Pilgrim Facility ($2000)

: ¢ Impingement Entrainment Total
Baseline losses Do low $4,000 {0 8629000 | $633,000
hign sa97000 ¢ 59,097,000 ¢ $9.594000
.......................................................................................... $0‘$63,00‘$63000
Tsot0000 - s9s0,000
: ‘ ‘ $126,000- ......... . 127’000 ..........

high $99,000 © 81,819,000 . $1,919,000

Benefits of 90% reductions © o low $4,000 F $566,000 ‘; $570,000

P PPN . G

high $447,000 © $8,187,000 38,634,000

G6-4 SUMMARY OF OMISSIONS, BIASES, AND UNCERTAINTIES IN THE BENEFITS
ANALYSIS |
Table G6-3 presents an overview of omissions, biases, and uncertainties in the benefits estimates. Factors with a negative

impact on the benefits estimate bias the analysis downward, and therefore would raise the final estimate if they were properly
accounted.
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Table &6-3: Omissions, Biases, and Uncertainties in the Benefits Estimates

Issue :Impact on Benefits Estimate Comments
Long-tcrm fish stock affects not Understates benefits’ ;EPA assumed that the effects on stocks are the same each year, and that
considered : :the higher fish kills would not have cumulatively greater impact.
Effect of interaction with other Understates benefits? EEPA did not analyze how the yearly reductions in fish may make the
environmental stressors : :stock more vulnerable to other environmental stressors. In addition, as

:water quality improves over time due to other watershed activities, the
inumber of fish impacted by I&E may increase.

Recreation participation is held Understates benefits® iRecreational benefits only reflect anticipated increase in value per
constant® : :activity outing; increased levels of participation are omitted.

Boating, bird-watching, and other Understatcs bencfits®
in-stream or near-water activities
are ommitted® :

HRC does not cover Josses forall ; :As a result of the HRC method, species with losses that are not
species : :addressed can only increase the HRC total valuation

Effect of change in stocks on

: {EPA assumed a linear stock to harvest rclat:onsh;p, thata 13 percent
number of tandings ichange in stock would have a i3 percent change in landings; this may
: ibe low or high, d endmg on the cond't' n of the stock

Recreation values for various : Uncertain : The recreational values used are from various regions and are not from
geographic areas : ‘New England in particuiar.

* Benefits would be greater than estimated if this factor were considered.
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Chapter G7:

Conclusions

As indicated in Chapter G4, average impingement losses at Seabrook are valued at between $3,000 and $5,000 per year, and
average entrainment losses are valued at between $139,000 and $309,000 per year (ail in $2000). Average impingement
losses at Pilgrim are valued at between $3,000 and $5,000 per year, and average entrainment losses are valued at between
$513,000 and $744,000 per year (all in $2000). These values reflect estimates derived using benefits transfer. ’

Benefits estimates were based on percentage reductions in estimated current I&E at Seabrook and Pilgrim {Chapter G6).

EPA also-developed an HRC analysis to value I&E losses at Pilgrim (Chapter G5). Using the HRC approach, the value of
I&E losses at Pilgrim are approximately $497,000 for impingement, and over $19.1 million per year for entrainment (HRC
annualized at 7 percent over 20 vears). These HRC estimates were merged with the benefits transfer results (from Chapter
G4) to develop a more comprehensive range of loss estimates for the Pilgrim facility. HRC results were used as an upper
bound, while the midpoints of benefits transfer estimates were used as a lower bound, On this basis, EPA estimates potential
annual benefits of reduced I&E at Pilgrim ranging from $2,000 to $298,000 per year for a 60% reduction in impingement, and
from $440,000 to $6.4 million for a 70% reduction in entrainment. The annual benefits of reduced I1&E at Seabrook are
estimated to range from $2,000 to $3,000 for a 60% reduction in impingement and from $97,000 to $216,000 for a 70%
reduction in entrainment.

In interpreting these results, it is important to consider several critical caveats and limitations of EPA’s analysis, These
caveats have been detailed in preceding chapters. EPA included forage species impacts in the economic benefits calculations,
but because techniques for valuing such losses are limited, the final estimates may well underestimate the full ecological and
economic value of these losses, Thus, on the whole, EPA believes the estimates developed here underestimate the economic
benefits of reducing [&E at similar facilities.
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Appendix G1: Life History Parameter
Values Used to Evaluate I&E

The tables in this appendix present the life history parameter values used by EPA to calculate age 1 equivalents, fishery
yields, and production foregone from I&E data for the Seabrook and Pilgrim facilities. Life history data and fishing mortality
rates were compiled from a variety. of sources, with a focus on obtaining data on local stocks whenever possible.

Toble 61-1: Alewife Species Parameters

Stage Name Natural Mortality Fishing Mortality Fraction Vulnerable Weight
g (per stage) : (per stage)* g to Fishery" : (Ib)
Eggs 0.9° D 0 : 0 f0.0022

® Froese and Pauly, 2001.
¢ Assumed based on size (Able and Fahay, 1998).
4 Scott and Scott, 1988.

App. GI-1
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App. G1-2

Table &1-2: American Plaice Species Parameters

{ Natural Mortality | Fishing Mortality : Fraction Vulnerable |  Weight
(per stage) : (per stage)’ i . to Fishery* ; (b

0.0000000111°

Stage Name

0.00537¢
0.0545%

equation: {natural mortality) = -LN(survival) - (fishing mortality).

" Calculated from extrapolated survival using the equation: (natural mortality) = -LN(survival) - (fishing
mortality).

¢ NOAA, 1993,

¢ OBrien, 2000. Fraction vulnerable assumed based on size.

° Weight calculated from length using the formula: (4.970x107y*Length(mm)**** = weight(g) (Froese and Pauly,
2001).

 Length from Scott and Scott (1988).

® Length assumed based on Scott and Scott (1988) and Shultz, 2001.

" Length from Shultz (2001).
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Table 61-3: American Sand Lance Species Parameters

Stage Name. Natural Mortality Fishing Mortality Fraction Vulnerable Weight
& (per stage) : (per stage)’ : to Fishery! : @by
Eggs 2.3 : : 0.000000000353
0 0.000485"

Lol

(=R

0.0636

0 0 5 0.106'
________________________________________________________________________________________ e T
........................................................................................ e
........................................................................................ T
....................................................................................... s
......................................................................................... e e T B

equation: (natural mortality) = -LN(survival) - (fishing mortality).

® Calculated from extrapolated survival using the eguation: (natural mortality) = -LN(survival) - (fishing mortality).
¢ Froese and Pauly, 2001. Northern sand lance.

¢ Not a recreational or commercial species, thus no fishing mortality.

¢ Weight calculated from length using the formuta: (3.2x107)*Length(mm)***' = weight(g) (Froese and Pauly,
2001).

 Length from Scott and Scott (1988).

¢ Length assumed based on Scott and Scott ([988).

Table 61-4: Atlantic Cod Species Parameters

Natural Mortality Fishing Mortality Fraction Vulnerable Weight
(per stage) ; (per stage)’ : to Fishery® : {ib)

0.0000000974

Stage Name

® Calculated from extrapolated survival using the equation: (natural mortality) = -LN(survival) - (fishing mortaiity).
¢ Entergy Nuclear Generation Company, 2000.

¢ NOAA, 2001c.

¢ Weight calculated from length using the formula: (8.85x10°)*Length(mm)* ™' = weight(g) (Froese and Pauly,
2001).

I Length from Froese and Pauly (2001).

¢ Length from Scott and Scott (1988).

App. G1-3
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Table &1-5: Atlantic Herring Species Parameters

Natural Mortality Fishing Mortality Fraction Vulnerable Weight
{per stage) : (per stage)" : to Fishery® : (b)*
: ' £0.0000000170°

Stage Name

0.0243¢
0.158"

mortality) = -LN(survival) - (fishing mortality).

® NOAA, 2001c.

¢ Commercial species vulnerable to fishing monality at age 1.

9 Weight calculated from length using the formula: (1.22x10)*Length(mm)*?* = weight(g) (Froese and Pauly,
2001).

* Length from Froese and Pauly (2001).

! Length from Reid et al. (1999).

& Length from Atlantic States Marine Fisheries Commission (2001a).

* Length from Scott and Scott {1988).

' Length assumed based on Scott and Scott (1988).

App. GI1-4
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Table &1-6: Atlantic Mackere! Species Parameters

Stase Name Natural Mortality Fishing Mortality Fraction Vulnerable Weight
L (per stage) : {per stage)* : to Fishery® : (Ib)*
Eggs : 2.39° ; 0 0 {0.0000000362
Larvae ﬁ 10.6¢ : 0 : 0 © 0.0000008¢ -

e

Age 1+

Age 2+ :

Age 14+

# Calculated from survival (Entergy Nuclear Generation Company, 2000) using the equation: (natural mortality) =
-LN(survival) - (fishing mortality).

® Overholtz et al., 1991.

¢ NOAA, 200lc.

¢ Recreational and commercial species. Vulnerable to fishing mortality at age 2.

* Weight calculated from length using the formula: (3.039x 10*)*Length(mm)*** = weight(g) (Froese and Pauly,
2001). Atlantic cod.

" Length assumed based on Atlantic cod {Froese and Pauly, 2001).

¢ Length from Froese and Pauly (2001).

" Length from Scott and Scott (1988),

i Length assumed based on Scott and Scott (1988).

App. G1-5
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Table 61-7: Atlantic Menhaden Parameters

Stage Name Natural Mortality Fishing Mortality Fraction Vulnerable Weight
& (per stage) : (per stage)* to Fishery’ i (Iby

Eggs 2.08° 0 0 © 0.0000000602°
5 ’ '  0.00000068°

-LN(survival) - (fishing mortality).

® NOAA, 2001c.

°* Ruppert et al., 1985.

! Durbin et al., 1983.

* Weight calculated from length using the formula: (6.02x10®y*Length(mm)’*** = weight(g) (Froese and Pauly,
2001).

f Length from Able and Fahay (1998).

¢ Length assumed based on Durbin et al. (1983) and Scott and Scott (1988).

" Length from Scott and Scott (1988).

Table 561-8: Atlantic Silverside Species Parameters

Stage Name Natural Mertality Fishing Mortﬁility Fraction ‘Vulne{rahle WEigltlt
(per stage) ; (per stage) { to Fishery i (Ib)
Eggs 2.7 0 0 ©0.0000000246
e FR T ................ 0<0¢ ......... T
Age 1+ T e T s T T oo

* Caleulated from survival (Stone & Webster Engineering Corporation, 1977) using the equation: (natural
mortality) = -LN(survival) - (fishing mortality).

® Calculated from extrapolated survival using the equation: (natural mortality) = -LN(survival) - (fishing mortality).
¢ Froese and Pauly, 2001.

4 NOAA, 2001c. Atlantic herring.

¢ Commercial species. Vulnerable to fishing mortality at age 1.

" Weight calculated from length using the formula: (5.691x10¥)*Length(mm)*** = weight(g) (Froese and Pauly,
2001).

¢ Length from Able and Fahay (1998).

" Length from Scott and Scott (1988).
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Table 61-9: Bay Anchovy Species Parameters

;Natural Mortality Fishing Mortality Fraction Vulnerable : Weight

Stage Name (perstage) . (perstage)® | to Fishery* '; (h)

Eggs 1.04 ‘; 0 0 L 0.000022"

e et e o b
e I R e e i
Post-yolksac larvac2 . 402 0 0.00161°
B T G o o
R T s e e T
I ............ e s Lo oo
s - 994 .................. e s R T
s S R e o b
R e o e i
A e s e e

* PSEG, 1999¢.
® Assumed based on PSEG, 199%c.

Table &1-10: Blue Mussel Species Paremeters

Natural Mortality : Fishing Mortality : Fraction Vulnerable : Weight

Stage Name (per stage) : (per stage) : to Fishery* : (IbY
Eggs o 23 0 0 © o 0.00022
Lawae ............... 461"0" ........... - . ........... T
Agel+ .............................................. 0602° ........... 0602° ................ R ........... T
Age2+ ................................ S POl ........... 0502“ .................. e ........... ; 0728 ............
Agc3+ ,,,,,,,, T S 00555 d 00555‘ ,,,,,,,,, e e

Apge 4+

Age 5+ :
Age 6+ 0.0555¢ ;
......................................................... e

4

® Calculated from survival (Stonc & Webster Engineering Corporation, 1977} using the equation: (natural mortality)
= -LN(survival) - (fishing mortality).

¢ Calculated from survival (Author Unknown, 2001) using the equation: (natural mortality) = -LN(survival) - (fishing
mortality). Assumed half of mortality was natural and half was fishing.

9 Shaw et al., 1988.

¢ Commercial species. Vulnerable to fishing montality at age 1.

" Newel!, 1989.

App. GI1-7
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Table 61-11: Biueback Herring Species Parameters
i Natural Mortality | Fishing Mortality | Fraction Vulnerable | Weight
(per stage)' : to Fishery* i (ab)

: t0.000022°

0.00321%
0.0064°

Stage Name

Post-yolksac larvae 1

Juvenile 1

>
5
= <]
+
(=]
L]

* PSEG, 1999c.
® Assumed based on PSEG, 1999c.

Table 61-12: Bluefish Species Parameters

Stage Name i Natural Mortality | Fishing Mortality : Fraction Vulnerable i  Weight
E (per stage) (per stage)’ : to Fishery* : {b)’
Eggs 3 2.3 ’ 0 P 0 0.0000000386¢

.27

Juvenile 1

equation: (narural mortality) = -LN(survival) - (fishing mortality).

® Caiculated from extrapolated survival using the equation: (natural mortality) = -LN(survival) - (fishing
mortality).

< NOAA, 1993.

4 NOAA, 2001c.

¢ Commercial and recreational species. Assumed to be vulnerable to fishing mortality at age 1.

" Weight calculated from length using the formula; (1,749x107°)*Length(mm)*”" = weight(g) (Froese and
Pauly, 2001).

¥ Length from Wang and Kemnehan (1979).

" Length from Clayton et al, (1978).

' Length assumed based on Clayton et al. (1978).

App. GI-8
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Table 61-13: Butterfish Species Parameters

Stage Name Natural Mortality Fishing Mortality Fraction Vulnerable Weight
g (per stage) : (per stage)* : to Fishery* : ('

Eggs 2.3 : 0 0 £ 0.00000000248¢
Larvae 813 0 0 0.000001518
Age 1+ 0.4° : 0.76 0.5 0.0272*
Age 2+ i 0.4° : 0.76 1 0.0986"
Age 3+ é 0.4° 0.76 1 0.944"
* Calculated from assumed survival using the equation: (natural mortality} = -LN(survival) - (fishing
mortality).
* Calculated from extrapolated survival using the equation: {natural mortality) = -LN(survival) - (fishing
mortality),

¢ NOAA, 1993.

¢ NOAA, 2001c.

¢ Commercial and recreational species. Assumed to be vulnerable to fishing mortality at age 1.

! Weight calculated from length using the formula; (3.6x10°)*Length(mm)’* = weight(g) (Froese and Pauly,
2001).

® Length from Able and Fahay (1998).

" Length from Scott and Scott (1988).

Table 61-14: Cunner Species Parameters

Natural Mortality Fishing Mortality Fraction Vulnerable Weight
(per stage) : (per stage)* : to Fishery® : (b)?
' 0 £ 0.00000000877

..................................... P G ORI

0.00000236°

Stage Name

mortality) = -LN(survival) - (fishing mortality).

® Entergy Nuciear Generation Company, 2000,

“ Commercial and recreational speeies, of minimal catch (Entergy Nuclear Generation Company, 2000).
Fishing mortality and fraction vulnerable assumed.

¢ Weight calculated from length using the formula: (6.0x10-*y*Length{(mm)*” = weight(g) (Serchuk and Cole,
1974),

¢ Length from Able and Fahay (1998).

" Length from Serchuk and Cole (1974).

¢ Length from Scott and Scott ([988).

App. G1-9
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Table 61-15: Fourbeard Rockling Species Parameters

ENatural Mortality Fishing Mortality ?chtion Vulnerable Weight
(per stage) (per stage)! : to Fishery® : (h)

0 © 0.00000000605"

Stage Name

0 0 . 0.000000896'
............................................... RO
, 0 0.0347"
__________________ L ____________ o
.................................. b 0149f

..................................................................................................................................................................................

0.241°

# Calculated from assumed survival using the equation: (natural mortality) = -LN(survival) - (fishing mortality).

® Calculated from extrapolated survival using the equation: (natural mortality) = -LN(survival) - (fishing mortality).
¢ Froese and Pauly, 2001.

Not a commercial or recreational species, thus no fishing mortality.

¢ Weight calculated from length using the formula: (12.74x10°)*Length(mm)*'™ = weight(g) (Froese and Pauly,
2001).

f Length assumed based on Froese and Pauly (2001).

¢ Length from Froese and Pauly (2001).

Table 61-16: 6rubby Species Parameters
ENntural Mortalityg Fishing Mortality Fraction Vulnerable Weight

Stage Name

{per stage) (per stage)? : to Fishery® : (Iby
Eggs 23 0 0 i 0.000000211°
Larvae 47 : 0 0 i 0.000359f

[N ]
<@

=

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Age9+ 04 0 0

* Calculated from assumed survival using the equation: (natural mortality) = -LN(survival) - (fishing
mortality).

* Calculated from extrapolated survival using the equation: {natural mortality) = -LN(survival) - (fishing
morntality).

¢ Froese and Pauly, 2001. Longhem sculpin,

¢ Not a commercial or recreational species, thus no fishing mortality.

¢ Weight calculated from length using the formula for longhom sculpin: (1.034x10*)*Length(mm)*%° =
weight(g) (Clayton et al., 1978).

! Length assumed based on Clayton et al. {1978).

¢ Length for longhom sculpin from Clayton et al. (1978).

App. Gl-10



§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Appendix 61: Life History Parameter Values

Table 61-17: Hogchocker Species Parameters

Stage Name Natural Mortality Fishing Mortality Fraction Vulnerable Weight
a8 {(per stage) (per stage)* ; to Fishery® : (ib)
Eggs 2.24° 0 : 0 : 0.000000237
0.00123°

Larvae : 6.73" : 0 0

equation: (natural mortality) = -LN(survival) - (fishing mortality).

® Calculated from extrapolated survival using the equation: (natural mortality) = -LN(survival) - (fishing
mortality).

¢ New England Power Company and Marine Research Inc., 1995.

* Not a commercial or recreational species, thus no fishing mortality.

¢ Weight calculated from length using the formula: (1.947x10%)*Length(mm)*** = weight(g) (Froese and
Pauly, 2001).

f Length from Able and Fahay (1998).

¢ Length assumed based on Able and Fahay (1998) and Froese and Pauly (2001).

" Length from Froese and Pauly (2001).

Table 61-18: Little Skate Species Parameters

Stage Name Natural Mortality Fishing Mortility Fraction Yulne:able Weiglrlt
(per stage) : (per stage) H to Fishery : (Ib)
Eggs 294 0 ‘ 0 ! 0.000774
T 0252" ,,,,,,,,,,, e FR
Agel+ .................................... s T i
Age2+ ........................
Age 3+ o4

mortality).

® Calculated from extrapolated survival using the equation: (natural mortality) = -LN{survival) - (fishing
mortality).

¢ NOAA, 1993,

4 NOAA, 2001c.

¢ Commocrcial species assumed to be vulnerable to fishing mortality at age 1.

T Weight calculated from length (Scott and Scott, 1988) using the formula: (8.32x10°)*Length(mm)>*" =
weight(g) (Froese and Pauly, 2001).

App. G1-11
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Table £1-19: Lumpfish Species Parameters

{ Natural Mortality | Fishing Mortality | Fraction Vulnerable | Weight
(per stage) (per stage)® to Fishery® : aby
: : ‘ { 0.0000004¢

Stage Name

equation: (natural mortality) = -LN(survival) - (fishing mortality).

* Calculated from extrapolated survival using the equation: (natural mortality) = -LN(survival) - (fishing
mortality).

¢ Froese and Pauly, 2001,

¢4 Nota commercial or recreational species, thus no fishing mortality.

¢ Weight calculated from length using the fermula: (6.755x 107°Y*Length(mm)***° = weight(g) (Froese and
Pauly, 2001).

f Length for rock gunnel from Able and Fahay (1998).

¢ Length assumed based on Able and Fahay (1998).

Table 61-20: Northern Pipefish Species Parameters

Stage Name | Natural Mortality | Fishing Mortality | Fraction Vulnerable : Weight
geha (per stage) ; (per stage)® : to Fishery® : (b)*
Eggs 2.3 ' : © 0.0000000157°
Larvae 331 0.00168"

0.00871¢

the equation: (natural mortality) = -LN(survival) - (fishing mortality).

® Calculated from extrapolated survival using the equation: (natural mortality) = -LN(survival) - (fishing mortality).
¢ Froese and Pauly, 2001, Broad-nosed pipefish.

¢ Not a commercial or recreational species, thus no fishing mortality.

© Weight calculated from length using the formula for sargassum pipefish: (9.407x10%y*Length(mm)*“ = weight(g)
(Froese and Pauly, 2001).

" Length from Scott and Scott (198R).

¢ Length assumed based on Scott and Scott (1988).

App. GI-12
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Table 61-21: Pollock Species Parameters

Stage Name Natural Morta:lity Fishing Mortf:lity Fraction _Vulne:-able Weigznt
{(per stage) ‘ {per stage) ; to Fishery i (Ib)
Eggs 0.922 0 0 : 0.0000000203¢
Lawae ‘407 ,,,,,,,, P IR SOOI P : 000000;04f
Juvemle‘ ............. . 93 ................ R S 0 ...... 000166° .......
Agel+ ......................... .............. 0 2 ....... U 0 ..................................... 0 ................... 0657f .........

* Sailaetal, 1997.

® NOAA; 2001¢,

© Commercial and recreational species. Assumed to be vulnerable to fishing mortality at age 2.

¢ Weight calculated from length using the formula: (6.894x10*)*Length(mm)*** = weight(g) (Froese and
Pauly, 2001).

¢ Length from Able and Fahay (1998).

I Length from Saila et al. (1997).

App. GI-13
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Table 61-22: Radiated Shanny Species Parameters
Natural Mortality Fishing Mortality Fraction Vulnerable Weight
{per stage) : (per stage)® : to Fishery? i (b)*
: f 0.0000000091°

0.00000948"

Stage Name

0.00846"

...................................................................................................................................................................................

0.0151°

v Calculated from extrapolated survival using the equation; (natural mortality) = -LN(survival} - (fishing
mortality).

¢ Froese and Pauly, 2001.

Y Not a commercial or recreational species, thus no fishing mortality.

* Weight calculated from length using the formula for rock gunnel: (4.125x10°)*Length(mm)**'® = weight(g)
(Froese and Pauiy, 2001).

f Length assumed based on Froese and Pauly (2001).

¢ Length from Froese and Pauly (2001).

Table 61-23: Rainbow Smelt Species Parameters
: Natural Mortality | Fishing Mortality : Fraction Vulnerable |  Weight
(per stage) : (per stage)* : to Fishery* H (Ib)*
: : £ 0.0000000861°

0.00273°
0.0359

Stage Name

mortality) = -LN(survival) - (fishing mortality).

" Froese and Pauly, 2001,

¢ Not a commercial or recreational species, thus no fishing mortality.

4 Weight calculated from length using the formula: (3.903x10*)*Length(mm)
Pauty, 2001).

¢ Length from Able and Fahay (1998).

f Length assumed based on Able and Fahay (1998} and Froese and Pauly (2001).
¢ Length from Froese and Pauly (2001).

24 = weight(g) (Froesc and

Appendix G1: Life History Parameter Values
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Table 61-24: Red Hake Species Parameters

Stage Name Natural Mortz:lity Fishing Mortx:lity éFractio‘Vulnerab}eé Weig‘lilt
(per stage) : (per stage) ; to Fishery* : (ib)
1,22 0 0 0.00000000238°
“e67 ¢ 0o & 0o 7700000000535
............................................. 000000000109'
’ 0.000000194

0.000000316°

* Sailaetal, 1997.

® NOAA, 2001c.

¢ Commercial species. Assumed to be vulnerable to fishing mortality at age 1.

¢ Weight calculated from length using the formula for white hake: (2.692x10*)*Length(mm)**? = weight(g) (Froese and
Pauly, 2001). .

¢ Length from Able and Fahay (1998).

f Length from Saila et al. (1997).

¢ Length from Scott and Scott (1988).

" Length assumed based on Scott and Scott (1988).

Table 61-25: Rock Gunnel Species Parameters

 Natural Mortality | Fishing Mortality :Fraction Vulnerable;  Weight

Stage Name (per stage) : (per stage)* : to Fishery? (b
2.3 0 : 0 . 0.0000000737°
e 257b ................ 0 ............... . ..... T
................................... 044( P 0 000382‘
.................................................. 044‘0000128’
e 044c .............................. R P 00223]_ ..........
.................................... 4044 . s B S S
.............................. 044: e 0 " 0049f
* Calculated from assumed survival using the equation: (natural mortality) = -LN{survival) - (fishing
mortality).
® Calculated from extrapolated survival using the equation: (natural mortality) = -LN(survival) - (fishing
mortality).

¢ Froese and Pauly, 2001. Radiated shanny.

! Not a commercial or recreational species, thus no fishery mortality.

© Weight calculated from length using the formula: (4.125x10%)*Length(imm)**" = weight(g) (Froese and
Pauly, 2001).

" Length from Scott and Scott (1988).

¢ Length assumed based on Scott and Scott (1988).

App. G1-15
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Table £1-26: Sculpin Species Parameters
Natural Mortality Fishing Mortality ;Fraction Vulnerable% Weight
(per stage) {per stage)’ : to Fishery* : by
0 : 0.000000211°

Stage Name

0 D O

j 0 . 0004048

s R et
...................................................................... e
...................................................................... e T

0 S s
T S e
.............................................................................................................................. s e

o T e

using the equation: (natural mortality) = -LN(survival) - (fishing mortality).

® Calculated from extrapolated survival using the equation: (natural mortality) = -LN(survival) - (fishing
mortality).

® Froese and Pauly, 2001. Longhom sculpin.

4 Not a commercial or recreational species, thus no fishing mortality.

° Weight calculated from length using the formula for longhom sculpin: (1.034x10%)*Length(mm)*®? =
weight(g) (Clayton et al., 1978).

" Length assumed based on Clayton et al. (1978).

£ Length from Clayton et al. (1978). Longhom sculpin.

App. Gi-16



§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Appendix Gl: Life History Parameter Values

Table 61-27: Scup Species Parameters

i Natural Mortality ;| Fishing Mortality :Fraction Vulnerable ; Weight

! (perstage) (per stage)’ to Fishery®  : by’
Eggs : 2.3 i ‘ -1 0.0000003548
Larvae 547 ; © o 0.001078

Stage Name

using the equation: (natural mortality) = -LN(survival} - (fishing mortality).

* Calculated from extrapolated survival using the equation: (natural mortality) = -LN(survival} - (fishing
mortality).

¢ Froese and Pauly, 2001.

¢ NOAA, 2001c.

¢ Commercial and recreational species. Assumed to be vulnerable to fishing mortality at age 1.

 Weight calculated from length using the formula for sheepshead porgy: (1.649x10%)*Length(mm)*¢* =
weight(g) (Froese and Pauly, 2001).

¢ Length from Clayton et al. (1978).

b Length assumed based on Clayton et al. (1978).

App. GI-17
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App. G1-18

Table 61-28: Searcbin Species Parameters
: Natural Mortality | Fishing Mortality Fraction Vulnerable;  Weight

Stage Name (per stage) (per stage)! ; to Fishery* ; (1)’
Eggs 2.3 : 0 : 0 L 0.00000286°
T ag— e o ...... R
Fetia S S, R e g N oy

.................................. T e L L T I e PP

Ages+ Co04r o1 Y O

* Calculated from assumed survival using the equation: (natural mortality) = -LN(survival) - (fishing
mortality).

* Calculated from extrapolated survival using the equation: (natural mortality) = -LN(survival) - (fishing
mortality).

¢ Froese and Pauly, 2001. Northern searobin,

¢ Assumed based on hake (Saila et al,, 1997).

¢ Recreational species. Assumed to be vulnerable to fishing mortality at age 1.

! Weight calculated from length using the formula for longhorn sculpin: (1.034x10°)*Length(mm)** =
weighi(g) (Clayton et al., 1978).

¢ Length assumed based on Froese and Pauly (2001).

" Length from Froese and Pauly (2001).
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Table 61-29: Striped Bass Species Parameters
: Natural Mortality | Fishing Mortality : Fraction Vulnerable ; Weight

Stage Name

(per stage)” : (per slage)b : to Fishery® : (Ib)
Eggs 1.39 ‘ 0 , 0 ©0.000022°
Yo ............. S .................. G ................. Ot S
Post-yolksaclarvae | 508 . O 0 Y T

® PSEG, 1999¢.

b NOAA, 2001c.

¢ Length assumed based on PSEG (1999c).
4 Length from PSEG (1599¢).

Table 61-30: Striped Killifish Species Parameters

Natural Mortalicy Fishing Mortality éFraction Vulnerable% Weight
(per stage) : (per stage)* : to Fishery* : (ib)*

Eggs 2.3 0 i 0 i 0.000000864°

Stage Name

Age 4+ : 0.777* 0 0 0.077%’

Age5+ e 0777b .............................. 0 .................. ,,,,,,,,,,,,,,,,, 0 00967f ___________
Ag36+ .................................... 0777» .............................. 0 ............... 0 ___________________________ 0 “3‘ ............
Age7+ ........................ AR 0777h e 0 ................. 0 ................. .......... 0 [53' ............

* Calculated from survival for Atlantic silverside (Stone & Webster Engineering Corporation, 1977) using the
equation: (natural mortality) = -LN(survival) - (fishing montality).

® Calculated from survival for mummichog (Meredith and Lotrich, 1979) using the equation: (natural mortality)
= -LN(survival) - (fishing momality).

¢ Not a commercial or recreational species, thus no fishing mortality.

4 Weight calculated from length using the formula: (2.6x 10-*)*Length(mm)** = weight(g) (Carlander, 1969).

¢ Length from Able and Fahay (1998).

" Length from Carlander (1969).
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Table 61-31: Tautog Species Parameters
Natural Mortality Fishing Mortality ;Fraction Vulnerable% Weight
(per stage) : (per stage)’ : to Fishery" : (Ib)*
: ' ¢ 0.0000000689"

Stage Name

0.00000185

Age 6+ ' 006 029 L e

equation: (natural mortality) = -LN(survival) - (fishing mortality).

" New England Power Company and Marine Research Inc., 1995.

° Atlantic States Marine Fisheries Commission, 2000e.

4 Commercial and recreational species. Assumed to be vulnerable to fishing mortality at age 1.

© Weight calculated from length using the formula: (3.318x10°)*Length(mm)*** = weight(g) (Froese and
Pauly, 2001).

f Length from Able and Fahay (1998).

¢ Length from Scott and Scott (1988).

" Length assumed based on Scott and Scott (1988).

Table 61-32: Threespine Stickleback Species Parameters

| Natural Mortality ;| Fishing Mortality :Fraction Vulnerable : Weight
(per stage) ; (per stage)* : to Fishery® ; (Ib)*

Eggs : 2.3¢ 0 f 0 . 0.0000000227"

G DG

Stage Name

0.000064¢

...................................................... NN

0.000244¢

(natural mortality) = -LN(survival) - (fishing mortality).

® Calculated from extrapolated survival using the equation: (natural mertality) = -LN(survival) - (fishing mortality).
© Froese and Pauly, 2001.

¢ Not a commercial or recreational species, thus no fishing mortality.

¢ Weight calculated from length using the formula for sea stickleback: (2.10x10)*Length(mm)*® = weight(g)
(Froese and Pauly, 2001).

" Length from Wang (1986a).

& Length from Scott and Scott (1988).
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Table 61-33: White Perch Species Parameters

Natural Mortality Fishing Mortality ;Frction Vulnernble§ Weight
(per stage)" : (per stage)’ : to Fishery" : (i)

0.000022°

Stage Name

Eggs 275

.................................................................................................................................................

Yolksac larvae

T S e

0.0189°
0.0283

Juvenile |

..................................... .
Juvenile 2

3 PSEG, 1999c.
® Assumed based on PSEG, 1999¢.

Table 61-34: Windowpane Species Parameters

| Natural Mortality | Fishing Mortality | Fraction Vulnerablei  Weight

Stage Name {per stage) (per stage)’ § to Fishery* : (Ib)’

: ‘ ¢ 0.0000000818
, ...... e
................................ 000634
................................ o
T oass
........... S
. S
................................ 0663
................................ 0808
Vs

equation; (natural mortality) = -LN(survival) - (fishing mortality).

® Calculated from extrapolated survival using the equatien: (natural mortality) = -LN(survival) - (fishing
mortality).

¢ Froese and Pauly, 2001.

4 NOAA, 2001c.

¢ USGen New England, 2001. Winter flounder.

! Weight calculated from length (Clayton et al., 1978) using the formula: (2.10x10%)*Length(mm)*® =
weight(g) (Clayton et al., 1978).
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App. GI1-22

Table 61-35: Winter Flounder Species Parameters

 Natural Mortality | Fishing Mortality | Fraction Vulnerable:  Weight
(per stage) : (per stage)? : to Fishery* : (Ib)*
Eggs 5.39° : 0 0 . 0.00000000726"

..................................... L PO

0.000000442¢

Stage Name

0.00000933¢

.......................................................................................................................................................

0.0000135¢

..................................................................................................................................................................................

0.000161"

mortality) = -LN(survival) - (fishing mortality).

" Calculated from survival (Saila et al., 1997) using the equation: (natural mortality) = -LN(survival) - (fishing
mortaliry).

¢ Colarusso, 2000.

4 NOAA, 2001c.

® Weight calculated from length using the formula: (6.591x10°*)*Length(mm)*'® = weight(g) (Colarusso,
2000).

f Length from Able and Fahay (1998).

¢ Length from Saila et al. (1997).

" Length assumed based on Saila et al. (1997) and Colarusso (2000).

! Length from Colarusso (2000).
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