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FACILITIES

EPA eva uated aquatic speciesimpinged and entrained by

the Seabrook and Pilgrim facilities, including commercial, recreational, and forage species, based on information provided in
facility 1& E monitoring reports. Approximately 84 different species of fish have been identified in 1& E collections at
Seabrook since monitoring began in 1990, and at least 58 (69%) of these are valued commercially or recreationally
(Normandeau Associates, 1991, 1993, 1994a, 1994b, 1995, 1996a, 1996b, 1997, 1999). At the Pilgrim facility,
approximately 68 species have been identified in 1& E collections since 1974, and 26 (38%) of these have commercial or
recreational value (Boston Edison Company, 1991-1994, 19953, 1995b, 1996-1999, Stone & Webster Engineering
Corporation, 1977). Table G3-1 lists speciesidentified 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. Specieswith
similar life histories were evaluated together.

Table 63-1: Aquahc Species Vulnerable to I&E at the Seabrook and Pllgrlm Facilities

Common Name Scientific Name Seabrook Pllgrlm i Commercial | Recreational : Forage
Alewife i Alosa pseudoharengus : : :
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Table 63-1: Aquatic Species Vulnerable to I&E

at the Seabrook and Pilgrim Facilities (cont.)

Scientific Name

Common Name
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Table 63-1: Aquatic Species Vulnerable to I&E at the Seabrook and Pilgrim Facilities (cont.)
Common Name Scientific Name | Seabrook : Pilgrim i Commercial | Recreational i Forage
Sculpin species iCottidae : : : :

............................................................................................................. +
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Sources: Sailaet al., 1997; Stone & Webster Engineering Corporation, 1977; Normandeau Associates 1991, 1993-1995, 1996a,
1996b, 1997; Boston Edison Company, 1991-1994, 19953, 1995b, 1996-1999.

G63-2 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 speciesis found from Greenland
south to Cape Hatteras, North Carolina (Fahay et al., 1999). Atlantic cod isan 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, 2001c). 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 occursin
late summer in the lower Gulf of Maine. Both commercial and recreationa 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 beginsin northern areas as early as February and ends in southern areas as late as December (Scott and Scott,
1988). Cod spawn repeatedly for up to 50 days once ayear (Kjesbu, 1989). Annua fecundity increases with age and size
(May, 1967), with large femal es producing between 3 to 9 million eggs (Fahay et al., 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, 1997). Egg development in cooler waters (0 °C or 32 °F) usually extends for 40 days
(Scott and Scott, 1988; Ouellet, 1997).

The pelagic larvae move to the bottom 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, aswell 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 watersin the fall and
returning to deeper waters during spring (Fahay et a., 1999). Adults reach sexual maturity at ages 2 to 4 (NOAA, 2001c).
Cod can reach atotal length of 200 cm (78 in.), a maximum weight of 96 kg (212 Ib), and a maximum age of 25 (Froese and
Pauly, 2001).
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Food source: Larvae and juveniles consume copepods,

i amphipods, larvae, and crustaceans. Adults feed on fish,
:including smaller cod, as well asinvertebrates.” Age 0 cod feed
i 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;
""""" T Eggs: pelagic
Family: Gadidae (cods and haddocks). g 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.o"

Similar species: Greenland cod (G. ogac), Pacific cod :
(G. macrocephalus). :

Geogr aphic range: Can be found from Greenland

south to Cape Hatteras, North Carolina.® : Juveniles demersal

> Larger juveniles are mainly demersal, but will rise up to

H i f
Habitat: Diverse habitats ranging from inshore waters : 5m (16 ft) off the bottom at night.

|to the outer continental shelf, and from depths of 457 m

b i Adults:
(1,5001) 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.’

Fecundity: Large females may produce between 3 to 9 > Move |3to.coasta! wzitersm thefall, and return to deeper
[millioneggs? : waters during spring.

@ Fahay et d., 1999.

P Scott and Scott, 1988.

° Froese and Pauly, 2001.

@ Grant and Brown, 1998.

© Ouellet, 1997.

[ Lough and Potter, 1993

9 Fraser et a., 1996.

" Gotceitaset al., 1997.

| Campanaet al., 1999.

|Fish graphic from NOAA, 2002e.

Lifespan: Maximum reported ageis 25 years.

Atlantic herring (Clupea harengus)

Atlantic herring is amember 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 sametime. 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 |b) 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 previousy 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 watersin the fall (Scott and Scott,
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 ft) (Kelly and Moring, 1986). Adults may travel long distances to return to spawning grounds, which
consist of rock, gravel, or sandy substrates (Kelly and Morning, 1986). Fecundity increases with age and size, with females
producing between 23,000 and 261,000 eggs (Messieh, 1976). Atlantic herring eggs are demersal, stick to the bottomin
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 at water temperatures of 7 to 12 °C (44 to 54 °F)
(Doyle, 1977), but can last aslong as 240 days for late-spawned (December) herring (Reid et a., 1999). Larvae hatched
earlier in the season tend to grow faster than those hatched later (Jones, 1985). These juveniles, called “brit herring,” movein
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 1 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). Environmenta factors such as temperature, food availability, and population size generally control
growth. Atlantic herring reach 250 mm (10 in.) by the fourth 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

3 copepods; adults consume larger copepods, fish eggs, pteropods
i (small molluscs), and the larvae of mollusks and fish.®
; i

Prey for: Almost all pelagic predators as well as many seabirds,
ATLANTIC HERRING i marine mammals, and bottom dwellers (eggs only).2
(Clupea harengus) i
SO UPUTOTPROSPPRRRRPRE § B ) {-X- ¢-e (=X 1110 8 417=\A[o 4}
Family: Clupeidae (herrings).? 5

i Eggs demersal
Common names. sea herring, sardine, herring.” i» Stick to the bottom in clumps or layers, and often cover
: the substrate.”
Similar species: Pacific herring (C. pallasii), alewives
(Alosa pseudoharengus).? i Larvae: pelagic
> Larvae disperse to estuaries after hatching.®
Geographic range: Can be found from southwestern
Greenland and Labrador to South Carolina.® i Juveniles: pelagic
> Harvested commercially as*sardines.”®
Habitat: Coastal and continental shelf waters at depths
of up to 200 m (656 ft).?2 © Adults:
> Form schools of hundreds of thousands of individuals of
Lifespan: Upto 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.f

261,000 eggs.®

® Scott and Scott, 1988.

P Atlantic States Marine Fisheries Commission, 2001a.

° Messieh, 1976.

@ Able and Fahay, 1998.

© Jury et al., 1994,

f Kelly and Moring, 1986.

|Fish graphic from Government of Newfoundland and Labrador, 2002

Atlantic mackerel (Scomber scrombrus)

Atlantic mackerel is amember 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 9to 12 °C (48 to 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
alow 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). Inthe
Gulf 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 femalesin U.S. waters of the northwestern Atlantic range from approximately 156,000 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 (0.1 in.) long (Ware and Lambert, 1985). Larvae grow rapidly, reaching 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 schoolsto
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 sour ce: Zooplankton, shrimp, crab larvae, small squid, fish
i eggs, and young capelin and herring.®

I v Prey for: Porbeagle sharks, dogfish, Atlantic cod, bluefin tuna,
i swordfish, porpoises, and harbor seals.?
ATLANTIC MACKEREL :

(Scomber scombrus) éLife stage infor mation:
--------- Eggs: pelagic
Family: Scombridae (mackerels, tunas, bonitos).? S Eggs are released near the surface.

Common names. Mackerel, tinker (half-grown Larvae: pelagic

[mackerel). i Grow rapidly, reaching an average size of 200 mm (8in.)
- _ by late fall 2
Similar species: :
Juveniles:

Geogr aphic range: Can be found from Labrador, S
Canada to Cape Lookout, North Carolina.® i

Join the offshore adults and remain in schools.”

i . ) o Adults:
Habitat: Open marine waters, mainly within the :

: s School in large groups in shelf areas.’
continental shelf.” D

Are obligate swimmers owing to the absence of aswim

, ) , bladder.?
Lifespan: Maximum reported ageis 17 years.

Fecundity: Females produce approximately 156,000 to
1,640,000 eggs.” ’

@ Scott and Scott, 1988.

P Studholmeet a., 1999.

° Froese and Pauly, 2001.

4 Griswold and Silverman, 1992.
|Fish graphic from NOAA, 2001c.

Atlantic menhaden (Brevoortia tyrannus)

The Atlantic menhaden is a member of the Clupeidae (herring) family, and is a euryhaline species, occupying coastal and
estuarine habitats. It isfound along the Atlantic coast of North America, from Maine to northern Florida (Hall, 1995). Adults
congregate in large schoolsin 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 (Hall, 1995). Menhaden are considered an “industrial fish” and are used in products such as
paints, cosmetics, margarine (in Europe and Canada) and feed, 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. Landingsin 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
approximately 200,000 kg (200 metric tons) in 1989 to 1 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).

Femal es 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 1
to 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
(0.1in.) and 70 mg (0.0001 Ib) and juveniles are 38 mm (0.15 in.) and approximately 470 mg (0.001 Ib; Lewiset ., 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 until 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). Adultsand
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 Carolinaand 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 a., 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), athough 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,
i swordfish, seabirds, whales, porpoises.®

ATLANTIC MENHADEN ELifestageinformation:

(Brevoortia tyrannus)
......... a EggS. 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 aft imately 24 hours*
Similar species. Gulf menhaden (B. patronus), yellowfin g> atch after approximately ours

menhaden (B. smithi).

Common names. Menhaden, moss bunker, fatback.?

Larvae: pelagic

. . . i» Hatch at and enter estuarine waters 1 to 2
Geogr aphic range: From Maine to northern Florida : months I;:C
along the Atlarntic coast. > Remain in estuaries through the summer,
, ) ) emigrating to ocean waters as juvenilesin
Habitat: Open-sea, marine waters. Travelsin schools?® September or October.?
Lifespan: Approximately 7 to 8 years.® Adults
P> Congregate in large schools in coastal areas

Fecu ndlty Females prOduce between 40,000 to 700,000 Spavvn year round' p” mari |y M ay to October from
eggs.” : Main to Massachusetts,

® Scott and Scott, 1988.

P Bigelow and Schroeder, 1953.

° Hall, 1995.

4 Able and Fahay, 1998.

Fish graphic from U.S. EPA, 2002a.

v
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Cunner ( Tautogolabrus adspersus)

Cunner isamember 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).
Itisaterritorial 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, glacial 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 northern 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 timesin 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 (Steimle 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 after several daysin 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 (Lawton et al., 2000).

Cunner growth rates during the first 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). At age 1, cunner are about 4to 8 cm (1.6to0 3.1in.)
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). Astemperatures decrease further, cunner become dormant (Ollaet a., 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 5to 6 °C (41 to 43 °F), cunner move to seasonally transitory habitats such as mussel beds and
seaweed (Ollaet al., 1979). Cunner are active during the day and become inactive and seek cover at night (Ollaet a., 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 urchinsin addition
:to plant material .

:M =W Prey for: Other shore fish such as sculpins, seabirds.®
 Life stage infor mation:
CUNNER(Tautogolabrus adspersus) :

Eggs. pelagic
......... - > Range Il’l SIZEfrom 084 to 092 mm (0033 to 0036 |n) |n
Family: Labridae (wrasses). 5 diameter.|
Common names. Perch, sea perch, blue perch, ELarvae:
[pergall, chogset, choggy-* > 0.2-0.3 mm (.008 to 0.012 in.) in length.?
Similar species: Tautog (Tautoga onitis). Juveniles:
) > Can be found in high abundance in structurally complex
Geographic range: Prevalent from Newfoundland to habitats.’
Chesapeake Bay.”
: Adults:

Habitat: Natural or artificial structureswithin 10 km 1S

Inactive as water temperatures fall, but they will travel
of shore.®

short distances to escape extremes in temperature.

. . > Become dormant in the winter.9
Lifespan: May live up to 10 years. i

Fecundity: Females produce approximately 5,000 to
|600,000 eggs annually.?

* Auster, 1989.

P Bigelow and Schroeder, 1953.

© Lawton et al., 2000.

@ State of Maine Division of Marine Resources, 2001b.
© Scott and Scott, 1988.

" Able and Fahay, 1998.

9 Ollaeta., 1975.

|Fish graphic from NOAA, 2002c.

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. Its 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. commercia 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 improvementsin stock condition will
depend on reduced harvest, the long-term potential catch (maximum sustainable yield) has not been determined.

The winter flounder is anonmigratory species. Tagging studiesindicate that winter flounder north of Cape Cod remainin
local inshore waters, while populations south of Cape Cod may disperse up to 3 miles offshore on a seasonal basis (Buckley,
1989hb). Water temperature seems to be the most important determining factor of seasonal distribution. Winter flounder near
Newfoundland may remain in shallow waters during the summer as long as temperatures do not exceed 15 °C (59 °F), while
off of the coast of Rhode Island, 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 estuariesin late winter. The
majority of spawning takes place in asalinity 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 to 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 22.5to 31.5 cm (8 to 12.4 in.) long at maturity
(Howell et al., 1992).

Winter flounder supports important commercial and recreational fisheriesin the areg, asit is the thickest and meatiest of the
common New England flatfish (Bigelow and Schroeder, 1953). Annual commercial landings declined from 17.083 million 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 saltatrix) (Buckley, 1989b).
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{ Food sour ce: Bottom-dwelling organisms such as shrimp,
i amphipods, crabs, urchins and snails.®

éPrey for: Striped bass, bluefish.”

WINTER FLOUNDER éLifestageinformation:

(Pleuronectes americanus) :
i Eggs: demersal
......... , > ApprOX|mater 0.74t0 0.85 mm (003 |n) in diameter 2
Family: Pleuronectidae (righteye flounders) i Hatch in approximately 15 to 18 days?
Common names. Blackback flounder, lemon sole, black_ Larvae: semi-pelagic
flounder.” > Approximately 3.0to 3.5 mm (0.1in.) total length when|
: they hatch out.?

Similar species. American plaice (Hippoglossoides

|platessoides), European plaice (P. platessus). Juveniles; demersal

Once winter flounder enter the juvenile stage, they
Geographic range: From the southern edge of the Grand remain benthic, preferring sandy bottomed substrates®
Banks south to Georgia.”

Adults:
Habitat: Bottom dweller. Found in coastal marine e Females mature at ages 2 and 3.°
waters.” P> 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 eggs annually 2

® Bigelow and Schroeder, 1953.

P Buckley, 1989b.

° Scott and Scott, 1988.

¢ Grimeset a., 1989.

° Howell et a., 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,
19964, 1996b, 1997, 1999). Impinged fish are collected 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
estimated based on the volume of debris in the unassessed screenwash and the volume of debrisin the assessed screenwash
nearest in time to the collection date. The sum of assessed screenwashes and the cal culated val ue 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 |east 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,
199643, 1996b, 1997, 1999; Sailaet 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 organismsis
estimated by cal culating 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 variationsin 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 speciesasyield 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 afternoon, 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 al four intake screens were not washed, then the number of fish impinged was increased by a
proportional factor (Boston Edison Company, 1991-1994, 1995a, 1995b, 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, 1996-1999; Entergy
Nuclear Genera 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 a0.202 mm mesh is
used. From March through September single samples are taken three times every week. All sampling is done with a60 cm
diameter plankton net fitted with adigital flow meter. Thisallows 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 Chapter A5 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 asyield 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.

1 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 speciesin the same family. In these cases, EPA grouped the losses together under a single species.
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Table 63-2: Annual Impingement (numbers of organisms) at Seabrook, By Species, as Estimated by the Facility

Year EAIewifeE American EAmericanE American Atlantic Atlantic Atlantic Atlantic Atlantic Atlantic Black Sea EBIueback
a i Lobster : Plaice : SandLance : Caod i Herring : Mackerel : Moonfish | Silverside : Torpedo Bass i Herring

1990 0 4 0 3 P18 f 44 4 0 0 0 0 0
191 o1 i 20 o i o i 28 | 8 i 13 o i 8 i o i 1 i o0
s R P S 28 .................... e P O ......... S
198 ¢ o1 i o1 1 3 i 3 i 19 o i o i 1 ¢ 0o : 0o i 0o
D SR s b S R . O e
1995 8 6 o i 1324 120 ¢ 231 o i 3 3

S o W 5 e o = ; e . :

1997 | 2797 | 20 o i 182 i 69 | 589 | o i o0 o

s L S PR S 708 ................... e . e R o e e
Mean 508 i 16 0 476 99 2 0 1 50
'i\'/i'i'h'i'r'f{(jr}'{'? ....... o e S 0 ..................... R . . O R O . S
Maximumi 2,797 | i 1T e T a1 | 589 | 13 3 | 5348 | 5 1 3 T e
o 1035 ............. e S s 548 .................. e B PR R S S e — b
Tota i 4574 144 1 1T e T 887 | 2587 | 2 4 9363 | 6 T s
NA=Not sampled.

0=Sampled, but none collected.
Mon Feb 11 07:56:36 MST 2002 Raw.losses. IMPINGEMENT; Plant:seabrook.90.98;
PATHNAM E:P:/Intake/ Seabrook-Pilgri m/Science/scode/ seabrook/tabl es.output.90.98.no.mussel /raw.| osses.imp.seabrook.90.98.csv
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Table 63-2: Annual Impingement (numbers of organisms) at Seabrook, By Species, as Estimated by the Facility (cont.)

Year Butterfish C(I)Endger §Cunner§ Fsg(r:lt()ﬁu;rgd gGoosefishg Grubbyé gi(t;z gLumpfishg NK?:S;?;] hé?;:f]g]n Nthfr;;rn %Ccﬁn T(c));(?f; Plé}?;?id
1 ¢ o0 ¢ O {2 i 0 i 1 i 11 i 12 i 6 i 0 i 0 i 0 i 1 i 1 i 0
1991 ¢ 0 i 1 f2 i1 Tio i o105 ioe ¢ 1 i & io f2 %o ol
S .......... g éo ........ ..... S ........................ é ................. ................ ................................................................................... éo ........ ...... o éo ........ .......... -
1993 ¢ o i o { 18 i o i o i e i 3 i 131 ¢ o { 8 i 0o {0 i o i o

.............................................................................................................................................................................................. s s S

N T 0 0

1 2 0 2
e i e T e B T éo ........ R o
Madimum i 223 &1 G112 1913 T Ta2ee i 25 1oea 2 Tis00 s TTETT 7 1L 15
o ......... S éo ........ 361 ..................................................................................................................................................... éz ........ ...... - éo ........ .......... o
Totd i 254 | 1 208 : 30 | 24 {10407 990 | 3518 i 3 | 259 i 5 i 20 | 1 15

0=Sampled, but none collected.
Mon Feb 11 07:56:36 MST 2002 Raw.losses. IMPINGEMENT; Plant:seabrook.90.98;
PATHNAME:P:/Intake/ Seabrook-Pil grim/Science/scode/ seabrook/tabl es.output.90.98.no.mussel /raw.| osses.imp.seabrook.90.98.csv
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Table 63-2: Annual Impingement (numbers of organisms) at Seabrook, By Species, as Estimated by the Facility (cont.)

Year ?Pollock gRadiated Shannngainbow Smelt?Red Hake?Rock Gunnel Rough Scad Sand Tiger ?Sculpin Spp. Scup Lans’lesrey Seal Searobin Di%lfrl]é

O:0:0:W: 0O
[EnY
o

[EnY
N

Total i 5786

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/tabl es.output.90.98.no.mussel /raw.| osses.imp.seabrook.90.98.csv

w
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Table 63-2: Annual Impingement (numbers of organisms) at Seabrook, By Species, as Estimated by the Facility (cont.)

Year Asrt]zﬁoe\(lijtrlped Ba$ gjg(pgl 2[:&3} gTautogg ;Téfig;gi éUnidentifiedéWhitePerch §Windowpane§ FYZLnr:Sra L Wolffish EWrymouth
990 Gl 0 0 i 03 | ﬁ | | T -
1991 ¢ o0 i o i o i o i 9 i 3 i a4 i o i 185 o 13 i 1 15
e LO ........ ........... 0 ..............................................................................................................................................
1993 ¢ o0 i o { o i o i 8 i 1 i o i o i 103 i 208 i 0 i 12
i LO ........ A N e P S -/ S S St

...... -
T E
o0
................. 04
1
i 0 ....... ........... P T e S S R B e T aaa
Maimum: 1 4 7 3 i a4 i 3 i 798 i 8 i 4 . 1691 i 3289 | 13 i 206
P LO ........ 116 ................ ll ............................................................................................................ R e
Totl i 1 ¢ 5 i 3 i 715 i 61 : 1537 : 196 : 6 5973 i 9290 i 17 342

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/tabl es.output.90.98.no.mussel /raw.| osses.imp.seabrook.90.98.csv
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Table 63-3: Annual Impingement at Seabrook, by Species, Expressed as Age 1 Equivalents

Year EAIewife EAmer_icang American EAtIanticE Atlaptic Atlantic Atlantic Atlant_ic Blueb_ack EBu_tter- gCunnerg Fourbgard G ubb Little ELu_mp-

i i Plaice :SandLance: Cod : Herring : Mackerel : Menhaden :Silverside: Herring : fish i Rockling : Skate : fish

1990 i 0 ¢ 0 i 4 i 2 i 5 i 5 i 0 : 5 5 5 i 13 i 15 | 76
191 1 i 0 o i 3 i 9 i % : o0 | 14 { o o0 i 3 i 1 i 32 | 13 | 105
Sr e ....... - é e ......... pra 4 ..... G é26 ....... ¢4 ....... .......... S R e deeerereranene deerermeanaene e N .- deeet o i -

1993

Minimum

Maximum { 3738 i 1 i 1936 | 588 | 68 i 16 i 118 i 9620 i 371 i 299 i 1562 i 24 4,008 | 288 i 1,165
SD 1383 i 0 i 81 i 180 { 318 i 5 39 i 3084 i 125 i 98 i 503 8 i 1620 | 102 | 425
Total 6113 ¢ 1 i 6267 {1062 3010 i 26 | 128 i 16842 i 522 i 341 | 2,906 ‘i 37 {12,759 | 1,269 i 3,851

Note: Impingement losses expressed as age 1 equivalents are larger than raw losses (the actual number of organismsimpinged). Thisis 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 1 by accounting for mortality during this interval (for details, see description of
S*j in Chapter A2, Equation 4 and Equation 5). Thistype 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
areyounger than age 1.

0=Sampled, but none collected.

Fri Feb 08 09:49:55 M ST 2002 ;Results; | Plant: seabrook.90.98 ; Units: equivalent.sums Pathname: P:/Intake/Seabrook-

Pilgrim/Science/scode/seabrook/tabl es.output.90.98.no.mussel/l.equival ent.sums.seabrook.90.98.csv
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Table 63-3: Annual Impingement at Seabrook, by Species, Expressed as Age 1 Equivalents (cont.)

ERadiated Rainbowg Red Rock EScquin Scu Sea- EStripedEStriped ETauto Threespine EWhiteEWindow-E Winter
i Shanny i Smelt | Hake i Gunnel i Spp. i "Pirobini Bass iKillifish 9! Stickleback :Perchi pane : Flounder
i 0 {20 i 17 i 134 i 0 i 12 i i i i

Northern
: Pipefish :

Pollock

o: 0o

Maximum { 1,630 :
SD 529 i 1173 § 480 {6 i 7 i 2 i 23 i 12 i 368 i 2 i 706 | 1,247
Total i 3490 6363 i 217 | 8538 111,998} 7,776 i 4427 | 32 | 44 7 103 | 67 , {7169 | 10,226

Note: Impingement losses expressed as age 1 equivalents are larger than raw losses (the actual number of organismsimpinged). Thisis 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 1 by
accounting for mortality during thisinterval (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 effect is not readily apparent among entrainment losses because the majority of entrained fish are younger than age 1.

0=Sampled, but none collected.

Fri Feb 08 09:49:55 MST 2002 ;Resullts; | Plant: seabrook.90.98 ; Units: equivalent.sums Pathname: P:/Intake/Seabrook-

Pilgrim/Science/scode/seabrook/tabl es.output.90.98.no.mussel /I .equival ent.sums.seabrook.90.98.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-4: Annual Impingement of Fishery Species at Seabrook Expressed as Yield Lost to Fisheries (in pounds)

Atlantic Atlantic Atlantic Blueback
M acker el i Menhaden : Silverside | Herring

Year Alewife gAtIanticCod ?Atlantic Herringg Butterfish ECunnerE Little Skate ?Pollock

1990 P o0 7 _ 7 _ 1 0 0 0 P 0 3 P
1991 ¢ o0 L a1 i 2 i o i o i o i o i o i 28 | 200
e e e e b b e I e . s S s S
0 0 0 0
4 0 0

[
=

Total o3

0=Sampled, but none collected.
Fri Feb 08 09:50:05 M ST 2002 ;Results; | Plant: seabrook.90.98 ; Units: yield Pathname: P:/Intake/Seabrook-Pilgrim/Sci ence/scode/seabrook/tabl es.output.90.98.no.mussel/l .yi el d.seabrook.90.98.csv

I
\‘
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-4: Annual Impingement of Fishery Species at Seabrook Expressed as Yield Lost to Fisheries (in pounds) (cont.)
Year ! Rainbow Smelt i Red Hake Scup i  Searobin i StripedBass | Tautog iWindowpane: Winter Flounder

o
[EEY

0 0 0

......................................................................... : 08
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" T T e T e T

......................................................................... : 10
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" L T T T T T e T T

. 1 0 1 : : :

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" o o T T e

......................................................................... : 18
........................................................................................................... s S S S S

, 6 2 10 Y Y 3,223

0=Sampled, but none collected.
Fri Feb 08 09:50:05 M ST 2002 ;Results; | Plant: seabrook.90.98 ; Units: yield Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/seabrook/tabl es.output.90.98.no.mussel/l .yiel d.seabrook.90.98.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-5: Annual Impingement at Seabrook, By Species, Expressed as Production Foregone (in pounds)

f Little |
: Skate

American EAtIantichtIanticg Atlantic Atlantic Atlantic Blueback EButterfish L cunner | Grubb ENorthern
iSand Lance: Cod :Herring: Mackerel : Menhaden : Silverside : Herring : i i y i Pipefish

1990 i o i 2 i 4 i o i o i o i o0 0

Year ?Alewife Lumpfish

o
o

19919 ¢ 0 i 0 i 4 i 1 1 0 0 0 0

e ...... o .......... S ...... - ...... S ......... : ........... G S - ................... ........ S
1993 | o0 { o0 i 5 {2 i o i o i o i o i o { o i 5 {4 i 5 I o
e e S . . T 1 e

1998 1 5 5 | 53 0 1 0 0 0
Mean P21 4 13 | 26 0 1 1 0
.M}.ﬁ.i.fr.{dr.r.{.‘é ...... o .......... s ...... S ...... S S R O T St o
Maimum: 117 : 10 | 67 | 54 | 1 i 19 i 3 i 17 7 19 D244 {28 38 | 2
o ..... . .......... — ..... S ..... B R g p S S e ........ —
Tota ¢ 191 i 33 | 121 | 235 | 2 120 P 6 i 24 1 8 | 16 | 776 | 122 | 124 | . 4

0=Sampled, but none collected.
Fri Feb 08 09:50:00 MST 2002 ;Resullts; | Plant: seabrook.90.98 ; Units: annual.prod.forg Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/seabrook/tabl es.output.90.98.no.mussel/I .annual . prod.forg.seabrook.90.98.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim

Table 63-5: Annual Impingement at Seabrook, By Species, Expressed as Production Foregone (in pounds) (cont.)

Year Pollock Rainbow Smelt I-Fle;I?e gRock Gunnel Scstggm Scup Searobin StBr;[;ed Tautog éWindowpane Winter Flounder
1990 P36 0 ;3 ¢ 0 i 8 0 i 0 i 0 1 . 3
1901 64 o i 10 i o i 11 o: 1 : o 1 i 3 i 18
Frr T 119 .............. S R S ........... P ......... R 0 ................................................................................................. S
1903 T g T e T T T S S R S R S A 27
....................................................................... 30 i
"""" 7 2 0 i 2 309
L3 o{ 1 { o o i 3 : 65
.............. 16270154
4 P30 0 137
Ve e o I S deeeeen S ........... o .......... P i et R S beererorananaes TS eeerraeaeee S
Maimum | 948 | 186 i Y T R 103 | . 2 1 i 2 i s ¢ 3 i 431
ER— 355 ............. S ...... T ........... e ......... o 1 ......... N AR SN N TR  E—
Totad ;. 2988 | 262 1640 | 3B i 269 | 3 3 i 2 i 7 i 128 i 1236

0=Sampled, but none collected.

Chapter 63: Evaluation of I&E Data

Fri Feb 08 09:50:00 MST 2002 ;Resullts; | Plant: seabrook.90.98 ; Units: annual.prod.forg Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/seabrook/tabl es.output.90.98.no.mussel/l .annual . prod.forg.seabrook.90.98.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-6: Annual Entrainment (numbers of organisms) at Seabrook, By Species, as Estimated by the FGCI|I1’y

Alllgator-_Amerlcan_ American American Atlantic Atlantic Atlantic Atlantic
fish : Ed : Plaice : Sand Lance: Cod i Herring : Mackerd Menhaden
1990 i 0 i 0 i 3000000 : 0 { 3200000 i 700,000 i 519,000, 000 { 100,000 3 991,300,000, ooo 0 | ! 42,700,000

¢ 100,000 i 22,000,000 : 37,300, 000 1,500,000 500,000 677 800, 000 500,000 1 687,400,000, OOO

Blue M ussel Bluefish Butterflsh Cunner

£ 200,000 : 400,000 | 8300,000 : 500,000

1995 £300000 i 0 i 22700000 | 9,500,000 : 6,900,000 :
1996 {100,000 i 0 i 86,300,000 i 14,000,000 i 9,800,000 i 4,300,000 _

1997 {100000 i 0 i 22,600,000 | 10,100,000 | 3,800,000 i 2,100,000 1744 500,000, ooo 100,000
1998 { 174,000 i 14,000 i 16,623,000 i 10,662,000 i 10,970,000 { 9,506,000 39,316,000 i 114,000 1493 030,000, ooo 0 o 17,783,000

17 931,800,000, 000

Mean i 130444 | 1556 | 27435889 i 13,329,111 i 10,007,778 i 4,767,333 i 245,390,667 : 301,556 : 6,281,453,750,000 : 11,111 55,556 35,403,667
................. """"'6"'""‘."""21'66'666'"'""""""6"'""""""'566'666"" """iéé"'éij'" s '"151'566'666'666'" B NPT St
Maximum | 300,000 | 14,000 | 86,300,000 | 37,300,000 : 50,400,000 : 11.200,000 : 677,800,000 ; 1,400,000 : 17,931,800,000,000 100,000 | 300,000 : 239,700,000
“aeer T eeeaces 1051486 | seeiis | asasear | oesisages | asmiil | 612070486100 33338 113080 | Treiasss

Total  :1,174000; 14,000 | 246,923,000 ;119,962,000 ; 90,070,000 ; 42,906,000 :2,208,516,000 2,714,000 :50,251,630,000,000; 100,000 : 500,000 318,633,000
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/Sci ence/scode/seabrook/tabl es.output.90.98.no.mussel /raw.l osses.ent.seabrook.90.98.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-6: Annual Entrainment (numbers of orgamsms) at Seabrook By Species, as Estimated by the FGCI|I1’y (cont.)

Fourbeard i Northern ! Radiated Ralnbow ‘ ! Rock Sculpin
Year ! Rockling iGOOSeflshi Grubby : Lumpfish  Pipefish | Other Pollock | Shanny | Smelt | Red Hake : Redfish i ' Gunnd | Spp.
1990 i 159,600,000 i 100,000 0 i 12400000 { O i 0 i 203550 4,800,000 i 200,000 {61,200000i O '

40,400,000 22,400, 000 19,200,000 100 OOO 1,000,000 3 100, 000 2,600,000

1,900,000 ¢ 4,900,000 : 3 600 000 P2 600 000

35,800,000 17,400,000 | 33,300,000 . 900,000
1996 i 81,400,000 118,600,000 ; 65,100,000 100,000 F 0 400,000 £51600.000 | 100,000 :286 800,000 0 133:800.000 jmi'éi)'i)"ééém
1997 | 72400000 i O 112800000 0 2300000 | O i 0 | 200000 i 300000 i 0 fii&iiééﬁé&i """"" 0 125100000 £ 2,150,000
e e E"'ééé,'ééé'"E"ﬁ,'éﬁs','ééé":""262266;666""‘5 ........ A ‘g"Eféﬁ;é&)"':'"1',"7'62,'666':'"2"2'{3',666"';"56565'666 .......... et ié'éﬁ'ééé' "'55666:666'"
i 58510,333 | 142,889 14,012,778 i 31,862,889 i 11,111 : 500,000 i 660,390 ;i 1,700,222 i 69,778 | : 719,111 i 1,634,444

1,900,000
159,600,000 2,960,000

1,002,586

Total 526,593,000 l 286,000 ;126,115,000 286,766,000 100 000 4 500, 000 5,943,514 15 302, OOO 628,000 5838 367, 000 450,000 204 472, OOO 14,710,000

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-Pil grim/Science/scode/seabrook/tabl es.output.90.98.no.mussel /raw.l osses.ent.seabrook.90.98.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-6: Annual Entrainment (numbers of organisms) at Seabrook, By Species, as Estimated by the Facility (cont.)

Year Searobin Tautog Unidentified Windowpane ! Winter Flounder i Wrymouth
1990 0 300,000 700,000 40,400,000 520,479,242 0
............................... ?""'"""""""""""""'""T""""""é'(')b'ﬁddm""""‘g""""""'Zi:iéij:ééé""'""""‘g""""""162556;666""""""E'"""""566;&6352"'""""?'"""'166,665""""
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' o | 1400000  { 22600000  : 242018538 . 0
____ 0o _ _ _ 62,666,462
194 i o i I 800000 i . 200000 i 500000 i o
T ................. G ................. G ............ o ............ T ............ e é ............. S
196 i 100000 | 500000 i 3300000 | 46200000 | 172100000 i o
............................... 10000044000003420000019980000060
1998 i o 1 se000 i 504000 i 19390000 | 138521,000 i o
_ 11,111 128,444 6,488,222 25,726,667 244,035,113 11,111
Minimum i o ¢ o i se000 i 200000 i 500000 i o
............. : 00000462000008000307346100000
SO ... L gl 11541012 13662276 G 277183 3338
100,00 1,156,000 58,394,000 P 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. ENTRAINMENT; Plant:seabrook.90.98;

PATHNAME:P:/Intake/ Seabrook-Pilgrim/Science/scode/ seabrook/tabl es.output.90.98.no.mussel /raw.| osses.ent.seabrook.90.98.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-7: Annual Entrainment at Seabrook, By Species, Expressed as Age 1 Equivalents

Year Aglgif:n S';Tﬁ_i?ce gAtIanticCOdg ﬁ:alrarrm; @:3?;; Mﬁ:ﬁ;ﬂ; gBIuefish gButterfish Cunner Fsg(rjt:ﬁu;rgd Grubby Lumpfish
1990 Po137 0 : 1682 : 2041 : 218 : 38 i 0 i O 257980 553743 : O i 2063
1991 | 628 i 1112394 . 3509 : 1458 | 3061 : 21 i 0 i 0 : 302 i 46849 402989 i 3195

........................ e T B B T B

357,875 60,164 i 248,270 i

417,521

301,211

o

$1,237,732 304,634

i 230,279

(&)]

D ‘g""""'é&i ......... ...... e ........ S ....... o 165 ......... 22 .......... N e :""éi,'ééi"'. ...... e 31150; ....... S
Mean ¢ 1167 i 397513 ¢ 2330 i 13900 | 1,058 i 18 1 27 184427 i 165150 | 252,098 i 5014

e b b e S b s b 00 ........ ........ i.ééé........i.........(.) ........ é ........ T
Maximum | - 3281 : 1112394 : 5463 : 32656 : 3061 i 59 i 5 : 178 i1237,732; 553743 : 402989 i 11358
o e ...... e ........ o ....... e ........ e 19 .......... ........ S eo ......... f'"éi&iéﬁééé"é ...... e f"'iéi)','iéé"?""'Z,'()'i'é .......
Tota | 10501 | 3577615 | 20969 | 125103 | 9518 | 166 | 5 | 242 11650842 1486353 2268880 45127

0=Sampled, but none collected.
Fri Feb 08 09:49:51 MST 2002 ;Results; E Plant: seabrook.90.98 ; Units. equivalent.sums Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/seabrook/tabl es.output.90.98.no.mussel /E.equival ent.sums.seabrook.90.98.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-7: Annual Entrainment at Seabrook, By Species, Expressed as Age 1 Equivalents (cont.)

Year . I\IID(i);)'gfl&n Pollock R’S?:zﬁrsd gRainbow Smelt Red Hake Rock Gunnel Sculpin Spp. Searobin éTautog Windowpane% FYZLnr:(?ra
1990 0 Po7 400203 i 26168 i 219 i 0 0 ' ' '
1901 i o i 9 | 284277 i o | 12 | 7287775 | 16192
Fr TR ............. S A ...... - ........ 93776 ........ 13084 ........ ......... - 6416266 ........................ SN IS vt nenanas T

807,345

_ i 145007 2,389,740

Mean 782 7 14085 : P 3217922

Minimum 0 T 0 0 Y T s T

Maximum | 7034 20 i 400203 i 20832 | 1529 i 7237775 | 53252

o 2345 ......... A ...... e ‘g""""ié'zu,'éi's' ....... b ‘5""'2",2'155','7'1'5'""? ....... s

Tota | 7034 | 64 | 1304505 | 69571 | 3258 | 28961298 : 264,641 | 2044 | 64 | 9285 | 702411

0=Sampled, but none collected.

Fri Feb 08 09:49:51 MST 2002 ;Results; E Plant: seabrook.90.98 ; Units. equivalent.sums Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/seabrook/tabl es.output.90.98.no.mussel /E.equival ent.sums.seabrook.90.98.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-8: Annual Enfmmmenf of Fishery Speaes at Seabrook Expr'essed as Yield Lost to Flsherles (in pounds)

Year .Amerlcan.AtIantlc. Atlantic | Atlantic Atlantic EBI S i Butter- Cunner Pollock Ralnbow_ Red Sea- Tauto i Window- Winter
i Plaice : Cod : Herring ,Mackerel : Menhaden : i fish i Smelt : Hake robln g pane | Flounder
1990 i 16 i 551 i 283 i 303 i 13 i 0 0 {1163 i 10 i 19% i 39 i 0 i 39 i 1470 i 22481

43,002

0o {0

Mlnlmum

MaX|mum H H H H
SD i 120 i 651 i 1,756 i 153 i 7 1 3 1,818 13 92 102 34 15 571 18,168
Tota i 1202 | 6864 i 17,339 i 1,316 i 57 3 12 7,486 93 521 581 | 102 71 6,845 | 221419

0=Sampled, but none collected.
Fri Feb 08 09:50:03 M ST 2002 ;Results; E Plant: seabrook.90.98 ; Units: yield Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/seabrook/tabl es.output.90.98.no.mussel/E.yiel d.seabrook.90.98.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-9: Annual Entrainment at Seabrook, By Species, Expressed as Production Foregone (in pounds)

Year American American Atlantic Atlantic Atlantic Atlantic iButterfishé Cunner i Fourbeard EGrubb gLum fishé Northern
Plaice : SandLance : Cod : Herring : Mackerel : Menhaden : Rockling yg P i Pipefish
53 i 0 io318 i 827 3,789 0 P00 i 4552 i 13,170 P00 i 9946 i 0

1991 282 i 41799 €62 i 51 i 52 i 0 i 0 i 5 i 1123 39707 i 15400 i 0

20,283

13,448

Minimum : i
Maximumi 595 | 41,799 | 1031 13,230 5,286 36 P27 i 21853 13,170 {39,707 i 57,172 | 268
SD i195 i 11447 P 374 5,133 1,911 P12 8 9 i 7116 4,151 {12822 i 19,865 89

Tota i 1,736 i 134433 | 3974 50,684 16,470 71 P37 i 29304 35,380 223557 221,893 | 268
0=Sampled, but none collected.

Fri Feb 08 09:49:58 M ST 2002 ;Results; E Plant: seabrook.90.98 ; Units: annual.prod.forg Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/seabrook/tabl es.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 Chapter G3: Evaluation of I&E Data

Table 63-9: Annual Entrainment at Seabrook, By Species, Expressed as Production Foregone (in pounds) (cont.)

Y ear Pollock Z?gﬁ?d Rasri:zl(:w Red Hake Rock Gunnel éScquin Spp. Searobin Tautog éWindowpaneg F\I/g:;:;[grer
1990 P 3231 13%6 | 3325 3,041,125 | i 10 1214 i 50876
1991 4585 86 i 0 i 162360 | 79348 | 1595 : 0o i 1 87 i 97314
e e pre

37,468

: : : | 1623287 | i 566,875
Mean i 3435 480 985 ! 5022714 i 35278 | 640 i 286,201
s S S o ............ e et e ......................................................... o - o I o
Maimum | 14229 | 1356 | 3790 | 21012043 | 79348 | 5247 . 279 i 10 | 1408 | 1302172
g e e 27295 ........... 4 ......... e 432120 ........
Total | © 30914 | 4324 | 8867 | 45204425 i 317,506 | 26076 : 279 | 19 | 575 | 2575807

0=Sampled, but none collected.
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/tabl es.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 Chapter G3: Evaluation of I&E Data

Table 63-10: Annual Impingement (numbers of organisms) at Pilgrim, By Species, as Estimated by the Facility
i American i Atlantic i Atlantic | Atlantic | Atlantic : Atlantic i Atlantic | Bay : Black iBlack Seai Blue :Blueback

Year i Alewife: American Beli 0| ance!  Cod | Herring | Mackerel | Menhaden i Moonfish | Silversde i Anchovy | Ruff i Bass iMussdi Herring

o

Minimum :

.................. e

Maximum ;| 26,972 !

i 35,750 11 i i 2518 i 91,117 i : i 231,735
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/pil grim/tabl es.output. 74.99.no.mussel /raw.l osses.imp.pil grim.74.99.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-10: Annual Impingement (numbers of organisms) at Pilgrim, By Species, as Estimated by the Facility (cont.)

Blue- iButter-: Cunner i Flying iFourbeard : i Hog- i Little i Lump-i Northern i Northern i Northern : Orange : Pearl- i Planehead

 Grubby | Pollock | Radiated
fish | fish i iGurnard i Rockling Y choker | Skate | fish : Kingfish : Pipefish i Puffer :Filefish: side : Filefish i Shanny

<
8

Minimum &0 g TR T g T T  gsg - 2 o s S o s B Y B s B R

Maximum |15 11,601 {1683 {14 175 1004 0 aeg AT A0 o6 I8 06 AL 8 s
Do $.5 5 957 ;o Ara A 539 49 juL 5 .88 j 8 i 12 8 f3.i.B i.M
Total i 15 i2074% 3247 | 14 i 15 i 7,169 i 1,983 i 17 i 870 | 480 i 38 i 26 11 {299 i 47

NA=Not sampled.

0=Sampled, but none collected.

Mon Feb 11 08:24:29 M ST 2002 Raw.losses. IMPINGEMENT; Plant:pilgrim.74.99;

PATHNAME:P:/Intake/ Seabrook-Pilgrim/Science/scode/pil grim/tabl es.output. 74.99.no.mussel /raw.l osses.imp.pil grim.74.99.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-10: Annual Impingement (numbers of organisms) at Pilgrim, By Species, as Estimated by the Facility (cont.)
Year | Rainbow Smelt iRed Hake: Rock Gunnel i Round Scad i Sculpin Spp. i Scup i Searobin i Silver Rag i Smooth Dogfish i Spiny Dogfish
1974 NA i NA NA NA : NA i NA P NA NA i NA i NA

.............................. T T s

NA i NA i NA NA

........................ Farnnarnnennarananaranadannnnanann

O:0:0:0:0

o

o

Minimum :

.................. e S

Maximum i

61,417
NA=Not sampled.
0=Sampled, but none collected.
Mon Feb 11 08:24:29 M ST 2002 Raw.losses. IMPINGEMENT; Plant:pilgrim.74.99;
PATHNAME:P:/I ntake/ Seabrook-Pilgrim/Science/scode/pil grim/tabl es.output. 74.99.no.mussel /raw.l osses.imp.pil grim.74.99.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-10: Annual Impingement (numbers of organisms) at Pilgrim, By Species, as Estimated by the Facility (cont.)
Year | Spot Striped Bass: Striped Cusk Edl : Killifish Striped | Tautog i Threespine Stickleback i Unidentified | WhitePerch i Windowpane | Winter Flounder
1974 i NA i NA 5 NA i NA PONA NA 514 NA i NA NA

....................... b usssnnnanacasasasanasannnasasashannanasasanasannnanssasasasanadasasnsannnnnasasdasasasananannnanasasanasannnnnasasasasannnnnsasdesnnanannnasasasasanannnashananannnnnanananannnnn

NA

Total i i i ioTr8r i : 10,391
NA=Not sampled.

0=Sampled, but none collected.

Mon Feb 11 08:24:29 M ST 2002 Raw.losses. IMPINGEMENT; Plant:pilgrim.74.99;

PATHNAME:P:/I ntake/ Seabrook-Pilgrim/Science/scode/pil grim/tabl es.output. 74.99.no.mussel /raw.l osses.imp.pil grim.74.99.csv
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§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-11: Annual Impingement at Pilgrim, By Species, Expressed as Age 1 Equivalents
American | Atlantic i Atlantic | Atlantic i Atlantic Atlantic i Bay : Blueback
Sand Lance i Cod { Herring i Mackeredl | Menhaden | Silverside i Anchovy Herring

Y ear AIeW|fe: gBluefish Butterfishg Cunner

0
0
0
0

O:0: 0

47 775 272 i 3015 106 027 i i ‘ i : i 30987 i 4524
Note: Impingement losses expressed as age 1 equivalents are larger than raw losses (the actual number of organismsimpinged). Thisis 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 1 by accounting for mortality
during thisinterval (for details, see description of S*j in Chapter A2, Equation 4 and Equation 5). Thistype of adjustment is applied to all raw loss records, but the effect is not readily
apparent among entrainment |osses 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/scode/pil grim/tables.output.74.99.no.mussel /I .equival ent.sums.pilgrim.74.99.csv
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Table 63-11: Annual Impmgemenf at Pilgrim, By Species, Expressed as Age 1 Equivalents (con'l' )

! Fourbeard i i Little i Northern i i Radiated  Rainbow i
Year :  Rockling Grubby Hogchokeri Skate Lumpflsh. Pipefish iPII kg Shanny { O gmalt .RedHake Rock Gunnel : SculplnSpp Scup

83 153

Note: Impingement losses expressed as age 1 equival ents are larger than raw losses (the actual number of organismsimpinged). Thisis because the ages of impi nged individuals are
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 thisinterval (for details, see description of S*j in Chapter A2, Equation 4 and Equation 5). Thistype of adjustment is applied to all raw loss records, but the effect is not readily
apparent among entrainment |osses 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/scode/pil grim/tables.output. 74.99.no.mussel /I .equival ent.sums.pilgrim.74.99.csv
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Table 63-11: Annual Impingement at Pilgrim, By Species, Expressed as Age 1 Equivalents (cont.)
' : : ' Threespine i White | . i Winter
Stickleback | perch | indowpane Flounder

Y ear Searobin Striped Bass Striped Killifish Tautog

! ! ! : 2,009
Note: Impingement losses expressed as age 1 equivalents are larger than raw losses (the actual number of organismsimpinged). Thisis 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 1
by accounting for mortality during thisinterval (for details, see description of S*j in Chapter A2, Equation 4 and Equation 5). This type of adjustment is applied to al raw
loss records, but the effect is not readily apparent among entrainment |osses 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/scode/pil grim/tabl es.output.74.99.no.mussel /I .equival ent.sums.pilgrim.74.99.csv
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Table 63-12: Annual Impingement of Fishery Species at Pilgrim Expressed as Yield Lost to Fisheries (in pounds)
Year Alewife §Atlantic Cod Atlantic Herring Atlantic M ackerel §AtlanticMenhaden Atlantic Silverside Blueback Herring Bluefish Butterfish Cunner
1974 P33 NA NA : NA 5 NA 5 NA 5 NA P NA P NA P NA

NA NA _ . :
NA :  NA i 7268 i | NA ¢ NA i NA i NA
............... S S
"""""""""""""""""""""""""""" NA i NA i NA
............. o S e
"""""""""""""""""""""""""""" NA ¢ NA i NA
e e .
OO SRS e R N R R
............... s S
"""""""""""""""""""""""""""" NA i NA i NA
............. e S
"""""""""""""""""""""""""""""" 66 : NA i NA i  NA i NA
............. s S
OO SRS e R N R R e
............... s S . .
""""""""""""""""""""""""""""""" &4 i 2 i 1355 i 3 i g
....................................................................................................................
6,680 0
_______________________________________________________ S R s S
.............. e
O OPRNES SRNRS eSS NS T
................ e . .
___________________________________________________________ S Rt S S S R
............... S
""""""""""""""""""""""""""""" 7 i o i 44
.............. T S S S
1,225 0
................. S
"""""""""""""""""""""""""""" 728 ;2 i 1688 :
................................... R
Tota i 241 i 987 i 14695  : 4 7 a2 i 1e2 i s3 i a1 i 193 i 20

NA=Not sampled.

0=Sampled, but none collected.

Mon Feb 11 10:06:21 MST 2002 ;Results; | Plant: pilgrim.74.99 ; Units: yield Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/pil grim/tables.output. 74.99.no.mussel/l .yiel d.pilgrim.74.99.csv
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Table 63-12: Annual Impingement of Fishery Species at Pilgrim Expressed as Yield Lost to Fisheries (in pounds) (cont.)
Y ear Little Skate Pollock Rainbow Smelt Red Hake Scup Searobin Striped Bass Tautog EWindowpane? Winter Flounder
1974 NA fONA NA : NA PNA O PONA NA i NA NA : NA

w

g

NA=Not sampled.

0=Sampled, but none collected.

Mon Feb 11 10:06:21 MST 2002 ;Results; | Plant: pilgrim.74.99 ; Units: yield Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/pil grim/tabl es.output. 74.99.no.mussel /I .yiel d.pilgrim.74.99.csv
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Table 63-13: Annual Impingement at Pilgrim, By Species, Expressed as Production Foregone (in pounds)

American iAtlantici Atlantic i Atlantic i Atlantic i Atlantic :Blueback i Blue- i Butter- i i i Little i Lump-
: : i i i i : Cunner :Grubby : :

Y ear EAIewlfeg i Skate i fish

{ SandLance | Cod : Herring :Mackerdl i Menhaden | Silverside | Herring i fish | fish

1

A

NA=Not sampled.

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/pil grim/tables.output.74.99.no.mussel /I .annual .prod.forg.pilgrim.74.99.csv
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Table 63-13: Annual Impingement at Pilgrim, By Species, Expressed as Production Foregone (in pounds) (cont.)

Year EPollockiRainbowi Red | Rock | Sculpin Striped | Striped White
E i Smelt i Hake | Gunne :  Spp. Bass : Killifish Perch

Windowpane Ll

;Scup Searobin i Flounder

Tautog

N

154

w
o
]
N

NA=Not sampled.

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/pil grim/tables.output.74.99.no.mussel/l.annual .prod.forg.pilgrim.74.99.csv
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Table 63-14: Annual Entrainment (numbers of organisms) at Pilgrim, By Species, as Estimated by the Facility.

i American | American ‘i i Atlantic | Atlantic | Atlantic | Atlantic E
VT Alew'fe_ Plaice _SandLanceiAtlam'CCOdi Herring i Mackerel | Menhaden : Silverside Bl s g SIS

{957,330 76,436,500 323,810 208,700,000,000 :

7,280,500 : 1,546,620 :19,122,000,000, 000

1,177,600,000

- <4 -
3,824,754 1,811,101 i 277,821,586 i 24,767,656 1,520,567,067

5,745,861 5,142,045 71,437,855 1,872,216 4,506,374,514

4,739,478, 407 15,623,972

i i
i 2,386,979 : 60,886,295 3,972,827 2,079,483 : 2,318,043, 737 10,320,759 1,508,146,909

3434141 i 23485288 i 3,908,395 1,280,273 545771347 i 6,256,434 691,736,018
L1 L1
12,355, 715 108323780 § 3289386 : 3970208 | 385697157 | 1510414 2,177,452,952

i 54,863, 855 46,668,316 : 1715237 : 2,098952 : 1,809,704, 207 959,648, 788 3,250,567,317

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

; 458,829, 894 5,023,831 12,583,586

1,578,317,735 : 13,522,139

i 342747452 | 97,182,867

{04445 056

5,706,922 =""Zi','(')'z'éﬁéé""?"é'é'é"ééé'ééi";""7'5,6'1"1",'2"5"3'"'? ....... e , .............. r'\]li"""'""""E""Li','%'i'i',éé'é','é'ﬁ .....
: ' ' i 2397,019 : 11,379,446 : 35506522 : 33,719,962 : NA NA i 1,773,984,349

i 11,260,136 } 138,023,372 | 6,291,173 | 6,942,590 1,034,964,861 : 81,926,445 | 1,435,668 : 8,073,966,666,670 | 2,714,603,689

i 2,386, 979 : 23,485,288 1,715,237 22,564,934 1,510,414 323,810 { 2,208,700,000, OOO 691,736,018
-

Total 970 306 :101,341,224 1,242,210, 351 125 823 468 138 851 802 20 699 297 217 1, 884 308 240 4 307 005 : 24,221,900,000,000 ¢ 62,435,884,855

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/pil grim/tabl es.output. 74.99.no.mussel /raw.| osses.ent. pilgrim. 74.99.csv
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Table 63-14: Annual Entrainment (numbers of organisms) at Pllgr'lm By Speaes as Es‘hmafed by the FaCl|l1’y (cont.)

i Fourbeard ; i Radiated i Rainbow i 5 i Winter
Y ear {  Rockling gLumpflshi Pollock Shanny Smelt :RedHake RockGunneI.ScqulnSpp Searoblni Tautog inndowpanei Flounder

£30,105,000 : i 225,000,000

15,221,824

3,526,013

H .; H H
i 161,001,461 : 7,829,710 16,056,794

1991 i 141,180,985 i 7,257,673 i NA : 14,010,361

................. .g........................ ......................|......................;........................'

1992 i 126,361,457 | 2,222,841 NA i 13,014,884

1993 i 60,326,651 i 9,340,124 : NA i 19,514,380

................. Jremeen L T L SR

i 60,933,441 } 10,595,602 ! 13,330,063

© 1,725,190 i 8,720,243 : 8,678,807

{ 2,501,103 i 3,849,374 i 12,605,283

L 05,461.605 | 8196313 12.958.397

................. RO vt o us O bt S VTSI S TS ST

i 140,083, 704 830,815 NA i 35,957,121 i 86 846 061

: : : i 4,680,713
i 1,970,043 | 7,512,870 ‘i i 30,900,375

918471 | 1,321,569 | 3,526,013

94,252,169 : 6,489,657 i 42,751,473 i 19,289,027

29,396,000 : 830,815 : 2,144, 710 : i 12,958,397
4 -+

8,782,788 17 313,996 : 24,451, 867

H :
Total 848 269 523 58 406 915 :128,254, 420 173,601,247 30 337,642 i155,376, 623 308 989 894 i 367,572,839 17,730,386 : 67,615,829 i 751,927,007 : 710,708,630

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/pil grim/tabl es.output. 74.99.no.mussel /raw.l osses.ent. pilgrim. 74.99.csv

G3-45



§ 316(b) Case Studies, Part G: Seabrook and Pilgrim Chapter G3: Evaluation of I&E Data

Table 63-15: Annual Entrainment at Pilgrim, By Species, Expressed as Age 1 Equivalents

Year American iAmerican Sand | Atlantic | Atlantic i Atlantic | Atlantic | Atlantic | Cunner i Fourbeard éLum fishg Pollock
Plaice g Lance g Cod ! Herring ¢ Mackerel ¢ Menhaden : Silverside i Rockling P g

724,630

1,815,806 i : i 1,279,249 583,611

700,399 : : : i 222102 | 714,005
3 3 L1

4,116,258 i : : i i 993500 i 411,189

700,399 ; ' P 222102 i 119501

e

: 988,573
................................................................ rcememeeetierend

37,046,318 i 133,179 186,422 i 15,260 122,850,503 3,700,698 i 9,718

NA=Not sampled.

0=Sampled, but none collected.

Mon Feb 11 10:06:01 M ST 2002 ;Results; E Plant: pilgrim.74.99 ; Units: equiva ent.sums Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/pil grim/tabl es.output. 74.99.no.mussel/E.equival ent.sums.pil grim.74.99.csv
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Table 63-15: Annual Entrainment at Pilgrim, By Species, Expressed as Age 1 Equivalents (cont.)

Y ear Radiated Shanny Rainbow Smelt Red Hake Rock Gunnel Sculpin Spp. Searobin §Tautog§ Windowpane EWinter Flounder
1974 NA i 3938972 i NA NA NA fONA P NA NA i 731,769
............................... U SRt vt o S S o AT SN S SO SRt Ay

NA 170,030

467,819
798,421

612,418

i 1380229 i : : 1881138 : 560352 : 4735 | . i 136,714

1996 i 2776528 | NA 718 4744496 i 913471 i 2277 | 236,922
............................... G 22200 N LR R et

= = : | 13811262 | 1588855 = ' | 650,882

734,760
133,306

1,166,820

272,956

Total © 14799615 3969411 7,724 : 43765153 : 6,612,841 : 33282 : 7,879 : 155,321 4,820,123
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/pil grim/tables.output. 74.99.no.mussel/E.equival ent.sums.pilgrim.74.99.csv
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Table 63-16: Annual Entrainment of Fishery Species at Pilgrim Expressed as Yield Lost to Fisheries (in pounds)

Veor |Atlantici Atlantic | i Atlantic | Atlantic {American' i Rainbow | Red | Sea- i Atlantic !

Cod iMackerd i ! Herring iMenhaden: Plaice §POHOCk§ Smelt i Hake | robin 5Silversidei-rau'[og

i Window- | Winter
i pane | Flounder
i 230,673

Minimum :
.................. H
Maximum

.................. [t S i H H j :
Total i 13,997 i 18,417 :103,056: 56,112 : 63837 i 228 i 2,168 : 29,700 :1,376: 1,657 : i 11451 | 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-
Pilgrim/Science/scode/pil grim/tabl es.output. 74.99.no.mussel/E.yield.pilgrim.74.99.csv
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Table 63-17: Annual Entrainment at Pilgrim, By Species, Expressed as Production Foregone (in pounds)
American iAmerican Sand i Atlantic i  Atlantic i Atlantic | Atlantic i Atlantic
Plaice Lance i Cod ! Herring { Mackerd : Menhaden : Silverside

Fourbeard
Rockling

Y ear EAIewlfeg gCunner Lumpfish §p0||ock

165,163 i 712,990

........................... g g

3 i 14 1
784,865 i 4507 130,797 i 162,512 1204,389 16,284 i 46,846

NA=Not sampled.

0=Sampled, but none collected.

Mon Feb 11 10:06:10 M ST 2002 ;Results; E Plant: pilgrim.74.99 ; Units: annual.prod.forg Pathname: P:/Intake/Seabrook-
Pilgrim/Science/scode/pil grim/tabl es.output. 74.99.no.mussel/E.annual .prod.forg.pilgrim.74.99.csv
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Table 63-17: Annual Entrainment at Pilgrim, By Species, Expressed as Production Foregone (in pounds) (cont.)

Y ear Radiated Shanny Rainbow Smelt Red Hake? Rock Gunnel Sculpin Spp. Searobin Tautog EWindowpaneEWinter Flounder
5 ’ 26,577 ' 5 i 5 ‘ ‘

NA §{ NA i NA 778

101,062

236,264

{ 5,794,155 i 90006 i 47153 i P 362402 | 832257
....................................................................................................... T R T R R TR I T
Totd L 45474 L 26782 14,380,377 ; 335206 367,323 ;| 205798 ; 2273 ; 1781178 | 1921503
NA=Not sampled.

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-
Pilgrim/Science/scode/pil grim/tables.output. 74.99.no.mussel/E.annua .prod.forg. pil grim.74.99.csv
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G3-7 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 speciesin 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 1& E at Seabrook’s offshore intake is substantially lower than
I&E at Pilgrim’s nearshore intake. EPA compared age 1 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.

G3-8 POTENTIAL BIASES AND UNCERTAINTIES IN I&E ESTIMATES

Pilgrim and Seabrook used different methods to estimate annual |& E, and therefore the | & 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 comparing | & E losses at the
two facilities.

Table 63-18: Differences in Methods Used by Pilgrim and Seabrook to Estimate Annual I&E and Potential
Effects on EPA's Results

Estimation Parameters | Pilgrim Seabr ook i Effect on Comparison of Facility L osses
Mesh size for entrainment  :0.202 and 0.333 mm 10.505 mm 0
sampling istage 1 and 2 larvae were iNo adjustment

adj usted for mesh extrusion

Flow used for density :Dw gn flow Operatlonal flow leely to overestimate the difference between
calculations H ; the two facilities.
Entrainment sampling 26 times per month 4 times per month U
frequency : :
Impingement sampling 8 hours 3 times per week i2to 3times per U
frequency H §week :
Adjustment for day/night Sampllng day and night ‘No sampling at nlght 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 to have been adjusted properly at each facility, so differencesin 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 |& 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 sizesin 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 |& E losses, which would result in an overestimate of any
differencesin loss rates between the two facilities.

Time of day of sampling may also affect estimates of losses. At Pilgrim, entrainment sampling was conducted at |east once a
month at night, whereas prior to 1998 entrainment sampling at Seabrook took place only during the day. Different 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 differencesin I&E rates at the two facilities.

Entrainment sampling frequencies differed between Seabrook and Pilgrim, but the effect of sampling frequency on I& 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 screenwashesto
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 period 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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