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1.0 INTRODUCTION
Entergy Nuclear Generation Company (ENGC) operates the. Pilgrim Nuclear Power Station (the
Station or PNPS), a 670 Mw power station located on the western shore of Cape Cod Bay in
Plymouth, Massachusetts. The Station, which became operational in 1972, uses a once-through
cooling system, withdrawing cooling water from and discharging water back into Cape Cod Bay.
PNPS is a 'base load" facility, Inthat Itprovides electricity to Massachusetts consumers under full load
conditions, at a 1999 estimated capacity factor of 87.5%.
In renewing each of the Station's NPDES permits over the last thirty years, the U.S. Environmental
Protection Agency (USEPA) consistently has determined that thermal discharges associated with
PNPS' operations and the currentiy configured cooling water intake structure (CWIS) were sufficiently
protective of the aquatic ecosystem of Cape Cod Bay to satisfy alternative thermal effluent limitations
under Section 316(a), and to constitute the best technology available (BTA) under Section 316(b), of
the Clean Water Act (CWA). Those determinations rested on a prior consolidated Section 316(a) and
(b) Demonstration (Stone and Webster, 1975; Stone and Webster, 1977) submitted to USEPA by
PNPS in the late 1970's as well as 25 years of ongoing monitoring programs. That Demonstration,
based on three years of pre-operational and five years of post-operational engineering, hydrological
and biological data pertaining to Station operations and the aquatic environment of Cape Cod Bay,
concluded that long-term impacts to the aquatic environment would not result from Station operations
or the CWIS. Ongoing monitoring programs have confirmed this.
While the applicable legal standards are in flux, available USEPA guidance interprets Section 316(a) of
the CWA to allow USEPA to issue a NPDES permit with alternative effluent limitations for thermal
discharges, where applicable effluent limitations are more stringent than necessary to assure the
protection and propagation of a balanced indigenous population of shellfish, fish and wildlife in the
receiving water body (the aquatic ecosystem). Available USEPA guidance interprets Section 316(b) of
the CWA to require. a demonstration that the location, design and capacity of CWIS reflect the best
technology available (BTA) for minimizing adverse impacts to the aquatic ecosystem.
This document updates and supports the conclusions in the prior Section 316.Demonstration with
approximately 25 years of additional engineering, hydrological and biological data pertaining to Station
operations and the aquatic environment of Cape Cod Bay (i.e., effectively throughout the operating life
of PNPS). It should be noted that during the operating period of the station there have been no
substantial modifications to PNPS. This document provides a conservative analysis of Station-induced
effects on several aquatic species populations representative of the aquatic environment of Cape Cod
Bay. Based upon the analysis of these representative important species (RIS), this document
concludes that PNPS operations have not resulted, and are not expected to result, in an adverse
impact to the integrity of the Cape Cod Bay aquatic ecosystem. This document further confirms that
PNPS' management of thermal discharges and existing CWIS technologies provide sufficient
protection of the aquatic ecosystem at the same time that PNPS continues to meet customer needs for
JAPUbSWW974kqects=70021VOMS1.doc
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reliable and economical power. Finally, this document proposes voluntary mitigation measures to
further enhance protection of fish populations in Cape Cod Bay.
The remainder of this report is organized as follows:
*

Section 2 describes the Station, including those features associated with the CWIS.'

*

Section 3 provides a list and brief description of previous studies performed at PNPS and in
Cape Cod Bay.

*

Section 4 provides, a characterization of the physical, oceanographic, and biological
characteristics of Cape Cod Bay in the vicinity of PNPS. The biological characterization
discusses several biotic categories .(phytoplankton, zooplankton, habitat formers,
macroinvertebrates/shellfish, and fish), identifies and describes life histories of RIS, and
identifies and describes the life histories of EFH species.

*

Section 5 assesses impacts of the existing Station. First, overall impacts of the thermal
discharge and CWlS, including impingement and entrainment, are discussed. Then,
thermal, impingement, and entrainment impacts on RIS species are assessed in detail.
Finally, impingement and entrainment impacts on EFH species are evaluated.

*

Section 6 provides an assessment of alternatives. First, alternative technologies. and
voluntary mitigation methods are evaluated based on potential for effectiveness, technical
feasibility and reliability, potential for other adverse effects, safety concerns, and cost.
Then, a biological impact assessment of the various alternative technologies and voluntary
mitigation methods Is performed for each RIS.

*

Section 7 provides an overall strategy for minimizing impacts, if any, attributable to thermal
discharges and the CWIS. This conclusion rests on the results of the impact assessment
for the existing Station and various alternatives, and the technical feasibility and reliability,
potential for other adverse effects, safety concerns, discharges and cost of the alternatives.

As referred to above, this document is submitted in a period of substantial regulatory flux.
Consequently, PNPS reserves its rights to revise or modify this document and the associated
information to reflect evolving legal and technical standards, and nothing herein shall be construed as
any waiver thereof.

.doc~~~
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2.0 POWER STATION DESCRIPTION
PNPS is located in Plymouth, Massachusetts on the northwest shore of Cape Cod Bay approximately
38 miles southeast of Boston, Massachusetts and 44 miles east of Providence, Rhode Island (See
Figure 2.0-1). The station consists of one General Electric boiling water reactor and associated steamelectric and auxiliary systems. The station began commercial operation in December of 1972. Its
operating license expires in 2012. The licensed capacity of PNPS is 670 MWe. PNPS shuts down
every two years for four weeks for regular fuel replacement activity and maintenance.
As in similar boiling water nuclear reactors, PNPS uses a controlled fission reaction in the reactor to
produce steam. The steam turns the blades of the turbine, which spin the generator shaft to produce
electricity. The turbine exhaust steam is piped into the condensers where it is converted into water
and re-circulated through the reactor.
PNPS uses seawater in a once-through cooling system to remove heat through the condenser.
Seawater is drawn from Cape Cod Bay into the cooling system by two 1450 horsepower circulating
water pumps. Each vertical, mixed flow, wet type pump has a capacity of 155,500 gallons per minute
(gpm) or 346.5 cubic feet per second (cfs) and a discharge head of 27.5 feet (8.4 meters). The pumps
are located in the seawater pump wells of the intake structure. The pumps pump the seawater, via two
7.5-foot diameter buried concrete pipes, to the condensers in the Turbine Building.
In the condenser, the seawater is heated approximately 27 to 300F (15 to 16.70C) above its inlet
temperature as waste heat is rejected to the seawater. From the condenser, the heated seawater
flows through buried concrete conveyances (235 feet of a 13 by 17-foot reinforced concrete box culvert
followed by 250 feet of 10.5-foot diameter concrete pipe) to the discharge structure.
PNPS also draws seawater from Cape Cod Bay for station service water. Five service water pumps
have a combined capacity of 23 cfs (10,323 gpm). The five service water pumps are located in a
central wet well Inthe intake structure.
)

Seawater for cooling water and service water at PNPS is drawn from Cape Cod Bay through a
constructed inlet embayment and into the intake structure. The embayment is created by two large
breakwaters, which effectively separate the embayment from open water as indicated in Figure 2.0-2.
The average velocity of flow at the embayment opening is 0.05 feet per second (fps) (1.5 cm/sec) at
mid-tide level with both seawater pumps operating. In the embayment just to the east of intake
structure, the average velocity is 0.15 fps (4.6 cmlsec) at mean sea level (Boston Edison Company,
1974).
The PNPS seawater intake structure consists of wing walls, a skimmer wall, vertical bar racks, and
vertical travelling screens (See Figure 2.0-3). Two concrete wing walls guide flow into the intake.
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Each wing wall extends from the face of the intake structure at a 45 degree angle a distance of 130
feet (40 meters) northwest and 63 feet (19 meters) northeast. The entrance to the intake is 62 feet (19
meters) wide at the stop-log guide. The floor of the intake is located at an elevation of 24 feet (7.3
meters) below mean sea level (MSL). The skimmer wall (bottom at 12 feet below MSL) at the front of
the intake removes floating debris. The bar racks behind the skimmer wall intercept large debris.
They are constructed of 3-inch (7.62 cm) by 3/8inch (0.95 cm) rectangular bars with three-inch
openings. Trash is removed from the bar racks by a mechanical rake.
The 10-foot (3-meter) wide vertical traveling screens remove aquatic organisms and small debris.
Each screen includes 53 basket segments constructed of stainless steel wirer mesh, with % inch (6.4
mm) wide, %/z inch (12.7 mm) tall spacing, framed in a fiberglass support structure. Four traveling
screens (two for each seawater pump) are operated when the pressure differential reaches a specified
threshold (which means too much debris has collected on the screen). In addition, they are operated
during marine life monitoring (three times a week) and during hypo-chlorination (daily for two hours 9
months of the year). In order to prevent freezing, the screens are operated continuously at seawater
temperatures of less than 300F(-1.1 0C). The screens normally operate at 5 feet per minute (fpm) (2.5
cm/sec) but can be accelerated to a speed of 20 fpm (10.2 cm/sec) during extreme loading conditions
(e.g. stormy weather).
Dual level spray washing is used to dean the traveling screens. Stainless steel lips, which are located
on every segment (53 total per screen), are used to lift debris and aquatic life that are trapped on the
screens. The screens are washed at the side facing the approaching flow at the splash housing
located approximately 46 feet (14 meters) above the bottom of the intake structure. The low-pressure
water is sprayed at the screens to remove light fouling and organisms from the screen and lip. The
subsequent high-pressure spray above removes heavy fouling. Spray wash discharge normally is
routed to the intake embayment via the concrete sluiceway on the east side of the intake structure.
This sluiceway empties into the embayment approximately 300 feet (91.5 meters) east of the intake (in
front of the fire water tanks).. During stormy weather, the spray wash discharge is directed to the
discharge canal via the concrete sluiceway on the west side of the intake structure.
In order to protect the organisms impinged on the screens from chlorinated water, sodium thiosuffate is
injected into the wash water to remove chlorine. The dechlorination system includes four 50-gallon
sodium thiosulfate tanks, two positive displacement pumps and two flow indicators. When the spray
wash pumps are activated, the dechlorination system automatically adds sodium thiosulfate according
to the flow rate.
Fish can swim up to the traveling screens. The approach velocity at the intake (before the screens) is
approximately one fps (30.5 cm/sec) at all tidal conditions. The velocity through the traveling screens
is approximately twice the approach velocity (Boston Edison Company, 1974). Fish escape openings
(10-inch (25.4 cm) diameter) are located in the skimmer walls and ateach end of the intake structure.

J:1ubVn~mv7rPmectWG7W21OV.ZO~sAC22Mad.00

2-2

IMarc.

200

ENUR
The seawater heated at the PNPS condenser discharges to a channel located directly northwest of the
intake structure. The discharge channel is created by two breakwaters oriented perpendicular to the
shoreline (See Figure 2.0-2), one of which is shared with the intake embayment. The trapezoidal
discharge channel is approximately 900 feet (275 meters) long. The channel sides are sloped at a
ratio of 2 to 1 (horizontal to vertical). The bottom is 30 feet (9.1 meters) wide at an elevation of zero
feet Mean Low Water (MLW) or -4.8 Mean Sea Level. The channel bottom remains at this elevation
until it meets the shore, which has a slope of approximately 40 to 1, at the channel mouth. At low fide,
when the water level in the channel is several feet higher than sea level, the discharge is rapid and
turbulent as it overflows into the bay. At high tide, the velocity is much lower as the cross sectional
area of flow in the channel has increased. An estimate of discharge velocities at the mouth of
discharge canal was calculated by EG&G (1995). The estimated discharge velocities at the channel
mouth range from 1.4 fps (0.4 m/sec) at mean high water spring (MHWS) to 8.1 fps (2.5 mlsec) at
mean low water spring (MLWS).
The increase in water temperature across the condensers at PNPS varies from 27 to 300F (15 to
16.7cC). Because the cooling water flow Is relatively constant at 693 cfs (311,040 gpm) throughout
the year, the discharge water temperatures are almost entirely a function of intake water temperature.
The discharge temperature varies little with tidal stage (EG&G, 1995).
In warmer weather, spring, summer and fall, circulating seawater is chlorinated at each intake pump for
an hour each day to control nuisance biological growth in the intake bays and PNPS system piping.
Diffusers located downstream of the bar racks deliver to each intake bay a mixture of sodium
hypochlorite (12 % solution) and seawater for a total residual chlorine (TRC) discharge concentration
not to exceed 0.10 parts per million (ppm). The injection rate for addition of the sodium hypochlorite
mixture in each intake bay is based on TRC readings measured in the discharge channel. The
injection occurs for one-hour on each pump separately with simultaneous TRC monitoring in the
discharge channel at a location below the footbridge. The injection rate is increased from the initial
flow rate of 2.5 gpm (0.33 cubic feet per minute (cfm)) in increments of 0.5 gpm (0.067 cfm) until the
TRC is detectable with the sampling equipment. The NPDES permit limits the concentration of TRC in
the cooling water discharge to 0.10 ppm for no more than 2 hours per day, and in the service water to
a 1.0 ppm daily maximum and to a 0.5 ppm monthly average during continuous chlorination prior to
mixing with other streams.
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Figure 2.0-1 Map of Massachusetts Bay, showing location of Pilgrim Nuclear Power Station
(PNPS) on the western side of Cape Cod Bay.
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Figure 2.0-3 Cross-section of intake structure of Pilgrim Nuclear Power Station
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3.0 DESCRIPTION OF PREVIOUS STUDIES
This section provides a brief overview of the numerous previous and ongoing studies conducted in
relation to the operation of PNPS. The focus of this section is to identify the studies that have been
performed and the available study literature and reports. Sections 4 and 5 of this report discuss study
results with respect to water body characterization and station impacts, respectively.
Preoperational studies began in 1969 and included a wide array of biological and water quality
parameters (Bridges and Anderson, 1984), as well as engineering and thermal plume modeling
studies. After PNPS became operational, studies continued in accordance with the operational and
monitoring requirements of the NPDES permits issued by the US EPA arud MA DEP. The study
program has been guided throughout by an Administrative-Technical Committee (The PATC)
comprised of representatives from several state and federal agencies. Results of the program have
been published in a series of semi-annual and annual reports, as well as Special study reports. In
addition,' many of the early ecological studies were summarized in a special publication titled
"Observations on the Ecology and Biology of Westem Cape Cod Bay, Massachusetts" (Davis and
Merriman, eds. 1984).
The study program elements are summarized in Table 3.0-1. These studies and related studies of
Cape Cod Bay are briefly discussed below.

3.1

Algal Studies
3.1.1

Irish moss (Chondruscrspus)

Historically, a target species of concern in the vicinity of PNPS is Chondrus crispus (Irish moss), which
had been harvested along the western shore of Cape Cod Bay since the I 600s. Since the 1990s,
harvesting has been essentially non-existent in the vicinity of PNPS. An evaluation of harvest data for
two preoperational years (1971-1972) and 10 operational years (1973-1982) was conducted to
determine if the operation of PNPS had any effect on the resource or Its harvest <Lawton et
a!.,1984a,1992).
Because a viable harvest for this species had existed in the area for some time (Dawson, 1956),
studies to evaluate its density and life history were initiated. Samples were taIken monthly from March
1969 to November 1970 to evaluate biomass and reproductive status (Prince, 1971; Prince and
Kingsbury, 1973a-c) and from October 1973 through September 1976 to evaluate the condition of the
plants (Ryther et aL., 1974, 1976). Samples of both Chondrus and Phyllopdora collected quarterly
through 1990 as part of the monitoring program were examined to assess the degree of algal and
faunal colonization of host plants (eg., SAIC, 1992)
March, 2000
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Qualitative mapping'of Chondrus in the discharge canal of the plant was initiated in 1980 and has been
conducted two to five times per year through 1999. Smith and Williams (1999) reviewed the 19-year
database and evaluated plant operation.
3.1.2

Other Macrophytic' Algae

Studies of the algae in the vicinity of PNPS were conducted from 1974 througlIn 1981 in order to assess
the impact of the thermal discharge on the intertidal and subtidal flora (Grocki, 1984). Two stations
were positioned in the discharge plume, with five control stations established to the north and south of
the plant Parameters measured included species occurrence, total nu" ber of species, species
dominance and community structure. Four intertidal stations were evaluated as to primary percent
cover, three subtidal stations were evaluated using biomass determinations. The benthic monitoring
program that was conducted through 1991 continued to identify the species composition of the algae
found in the rocky subtidal habitat in the vicinity of PNPS (SAIC, 1992).
3.2

Benthic Faunal Studies

The intertidal and subtidal benthic environments in the vicinity of the plant have been studied at PNPS,
with methodologies and parameters continuously refined over the nearly 30 years of data collection.
Initially, five transects that extended from the upper limit of the intertidal zone out to a depth of 30 feet
(9.1 meters) were established (Davis and McGrath, 1984). One transect extended seaward from the
discharge canal and the other four transects were located at various distances north and south of the
discharge transect. Both sandy and rocky habitats were included along these transects and a variety
of techniques was required to characterize the stations. Originally, one intertidal and four subtidal
stations were positioned along each transect and were sampled quarterly. The number and position of
stations and the methods used to sample them were reviewed and modified 8s necessary, with some
elements such as biomass measurements or amphipod periodicity studies be ing carried out only for a
limited time. Quantitative core sampling of sandy sediments was carried out from 1971 through 1979
(Davis and MCGrath, 1984) and diver-operated airlift sampling of the rocky ha bitat was conducted from
1971 through 1991 (SAIC, 1992). Osman and Whitlach (undated) reviewed idata developed from the
rocky habitat (epibenthic) samples collected from 1981 to 1989.
Several short-term special studies were carried out as part of the benthic progr-am,' including:
*

Diver observations from August 1971 to February 1974 on a large population of sea
urchins, S. droebachiensis, that covered approximately 250 m2 (2,691 ft2) in depths ranging
from 23 to 42 feet (7.0 to 12.8 meters) at Rocky Point

*

Diver observations in April 1974 to investigate recolonization in the intake and effluent area
at the intertidal and 10 foot (3 meter) depth levels.
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*

Reproductive activity of the amphipod, Corophium bonelli, studied in May and August, 1975
and 1976.

*

Near-field impacts on the benthic flora and fauna at the effluent studied from January to
August 1980 (McGrath, 1980).
Fish

A wide variety of studies pertaining to fish have been conducted, including several species-specific
studies. The majority of these studies have been performed by the Massachusetts Department of
Marine Fisheries. These studies included a creel census conducted during 1973-1975 (and on a
continuing basis since 1983) to determine the fishing effort, catch, and value of the sport fishery near
the plant (Lawton et al., 1984b, 1987, 1999).
From 1976 through 1993, weekly overflights to spot schools of fish in western Cape Cod Bay in the
vicinity of PNPS were conducted. Four main groups of fish, including herring, menhaden, mackerel,
and forage fish, were the primary focus of these flights, but observations on other marine species,
including whales, were occasionally reported (Anderson, 1994).
Divers have been employed on a periodic basis to make monthly observational dives from August
through December to document fish behavior and condition at various locations in the discharge area.
Another set of two dives has been made in late December to record any fishes that might be
overwintering in the heated water (Lawton et al., 1999).
Several types of sampling gear have been used to survey the species of fish found near PNPS.
Bottom trawling for demersal fish was performed at from three to five fixed stations located 4.5-6.5 km
(2.8 - 4.0 miles) from the entrance to Plymouth Bay and within a 3.2-km (2 rnile) radius of the plant.
Biweekly replicate tows were made during daylight hours at each station throughout the year from
1970-1982 (Lawton eta!., 1984c, 1995).
Gill net sampling for pelagic fish was conducted at one site located partially within the influence of the
thermal plume. Biweekly overnight sets were made as often as possible throughout each survey year.
from 1971-1976 (Lawton etal., 1984c).
In 1981, haul seining was initiated as a means of sampling shallow water habitats. Four stations
representing the diverse shore-zone habitats in the area were sampled biweekly during spring (MarchApril), summer (August-September), and fall (November-December) months (Lawton et al., 1984c,
Kelly et al., 1992). Two new stations were added in 1983 and 1985, replacing two of the older ones;
the final four sites were sampled continuously from 1985 through November 1991. Replicate hauls
were made at each station to estimate catch variance.
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The entrainment and impingement program, which includes sampling of fish and other organisms, is
discussed in Sections 3.6 and 3.7 below.
Species-specific studies have been conducted for winter flounder, cunner, and rainbow smelt, as
described below.
3.3.1

Winter Flounder (Pseudopleuronectesamercanus)

Initial assessment of the potential entrainment of larval winter flounder began in 1975 with the
application of circulation and dispersion models developed to simulate the drift of larvae in Cape Cod
Bay (Pagenkopf et a)., 1976; Chau and Pearce, 1977). Field studies were conducted from 1976
through 1984 in order to evaluate the abundance and distribution of winter flounder eggs and larvae,
estuarine vs. neritic survival, and sources of larval flounder (Marine Research, Inc., 1986).
From 1993 to 1999, winter flounder have been caught, tagged, and released during the spring
spawning season as part of a special study to estimate population abundance of this species and
determine fidelity of local populations to natal spawning grounds (Lawton et at, 1999).
As discussed in Section 3.7, results of the entrainment (e.g. Marine Research, Inc. 1999a) monitoring
program have been reported on a semiannual and annual basis. Winter flounder is one of the species
that has been selected for impact assessment using an equivalent adult (E.^) analysis approach. In
addition, a winter flounder population model has been developed (Marine Research, Inc., 1999b) using
the Risk Analysis Management Altematives System (RAMAS; Ferson, 1993).
3.3.2

Cunner (Tautogolabrusadspersus)

Cunner studies in the vicinity of PNPS have included (1) a tagging and recapture study of adults to
estimate stock size and fidelity from 1990 to 1996, (2) fish collections from 1 994 to 1997 to delineate
the age structure of the cunner population, and (3) SCUBA studies from 1995 to 1997 of juvenile
recruitment (Lawton et al, 2000).
To assess factors that influence the reproduction and recruitment of curiner in Cape Cod Bay,
Nitschke (1997) considered the effect of entrainment at PNPS as an anthropogenic disturbance on this
species. The potential entrainment effects on cunner populations have been evaluated using an
equivalent adult (EA) analysis approach (e.g. Marine Research, Inc., 1999a).
3.3.3

Rainbow smelt (Osmerusmordax)

A study was conducted in 1979-1981 to determine population structure and size, egg production, and
the influence of parasitic infestation on the health of the stock in the Joines River, the principal
spawning ground of rainbow smelt in the Plymouth area (Lawton et al., 1990)_. Supplemental sampling
J.VubsWrw97%PrcjectsXW70021==doc
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was conducted on the spawning run throughout the 1980s. A project to restock the Jones River with
fertilized smelt eggs and enhance egg survival was carried out in 199495 and was continued in 199697 and 1997-98 (Lawton etal., 1999).
3.4

American Lobster (Homarus americanus)

For the four-year period 1974-1977, the seasonal occurrence, abundance and distribution of the larvae
of the American lobster were studied in the vicinity of PNPS and thro ughout Cape Cod Bay
(Matthiessen, 1984). A tag-and-retreval program was conducted from 1970-1 977 in order to study the
movement and growth of lobsters released in the vicinity of PNPS (Lawton eat al., 1984d). During the
same time period and the 1980s, an evaluation of the commercial lobster fishery was made by
biweekly samplings of the catch of local commercial fishermen (Lawton et a!., 1984e).
3.6

Plankton

Studies to characterize the species composition of plankton in the vicinity of PNPS were carried out
primarily during the first few years of station operation. Following these early studies, the focus settled
on the entrainment sampling (Section 3.7).
3.5.1

lchthyoplankton

Ichthyoplankton studies began in March 1974 and continued for two years through February 1976
(Scherer, 1984). Sampling was conducted monthly at 51 stations, with additional weekly sampling at
18 stations during the period April through August 1975. From March through December 1976, the
same 18 stations were sampled - weekly from May through August and monthly for the remainder of
the year. These studies described species composition, abundance, temporal and spatial distribution
in Cape Cod Bay, and analyzed small-scale distribution patterns near PNPS. Entrainment studies
were also conducted (Section 3.7).
3.6.2

Phytoplankton

Phytoplankton studies began in August 1973 and were conducted through December 1975 (Toner,
1984a). These studies described species composition, enumerated dominant forms, monitored cyclic
events, and compared offshore populations with inshore, entrained collections. Duplicate samples
were taken two to five times each month at mid-depth at intake and discharge stations. During the
period December 1974 - February 1975, species composition -of onshore populations, as determined
from samples taken at the discharge area, was compared with that of offshore populations.
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3.5.3

'Zooplankton

Zooplankton collections were made from August 1973 through December 1975 (Toner, 1984b).
Resident zooplankton species were identified and counted arid the nature c>f the endemic population
was assessed.' Duplicate samples' were taken at mid-depth at intake and discharge stations and at
various depths at 11 offshore stations.
3.6

Impingement

The purpose of the impingement monitoring and survival program is to identify, quantify, and determine
the viability of the organisms carried onto the four intake traveling screens. Impingement samples
have been collected since the plant came online in 1973. From 1.973-1978 collection time totaled 48
hours per week (three 8-hour periods and one 24-hour period with collections at 8-hour intervals) and
consisted of four nighttime samplings and two daytime sampling. Since 197r9, weekly collection time
has been 24 hour (three 8-hr periods) and consists of two daytime and one nighttime samplings
(Lawton etal., 1984c; Anderson, 1999). Additional studies on fish survival were 'conducted from 19801983 to determine the effectiveness of a new screen-wash sluicing system tlat was installed in 1979
(Lawton etal., 1999).

3.7

Entrainment

Entrainment sampling to quantify phytoplankton and zooplankton entrained into the station cooling
water system was initiated and has been continuously conducted since1973. Phytoplankton samples
were collected two to five times each month from 1973 -1975 from stations at the plantfs intake and
discharge canal areas (Toner, 1984a). Zooplankton samples were also taker- at intake and discharge
stations and evaluated (Toner, 1984b).
lchthyoplankton entrainment monitoring began in 1974 and continues to the present (Marine
Research, Inc., 1999a). This program has also included sampling of larwal lobsters. Historically,
sampling was completed twice per month during January and February, October through December
and weekly during March through September. Triplicate samples were taken at low tide. This
sampling regime was modified in 1994. Single samples from 1994-1999 were taken at three separate
times every other week during the fall and winter months, and from March through September single
samples were taken three times each week. To maximize efficiency, the mo~dified sampling schedule
was linked to the impingement sampling schedule so that sampling was conducted on Monday
momings, Wednesday aftemoons, and Friday nights, regardless of tide or light level (Marine Research,
Inc., 1999).
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3.8

Temperature and Thermal Plume Studies

Numerous studies of the PNPS thermal plume, including field measurements and model development
and application have been conducted. Several plume dye studies, boat-based thermal plume surveys,
and aerial infrared surveys were conducted during the early to mid-1970s (Pagenkopf et al. 1974;
Boston Edison Company, 1974; Stone and Webster, 1975). Thermal plume models were developed
by the Massachusetts Institute of Technology based on the plume measurements (Pagenkopf et al.
1974; Boston Edison Company, 1974; Stone and Webster, 1975).
Temperature measurements were conducted at a monitoring station 0.5 miles (0.8 km) offshore of
PNPS from 1970-1977 (Hardeman and Stolzenbach, 1969; Davis, 1984). A study of sea-bottom
temperature in the vicinity of the cooling water discharge was conducted in August 1994 in order to
map the extent of elevated bottom temperatures associated with the discharge plume and to
characterize plume variability as a function of ambient weather, current, and fide conditions (EG&G,
1995).
The Massachusetts Water Resources Authority (MWRA) has been conducting a monitoring program of
Cape Cod and Massachusetts Bay, collecting water quality and ecological data since 1992 (e.g. Galya

eta!., 1997).
3.9

Oceanographic and Current Studies

Numerous studies of the current structure and velocities of the near-shore Cape Cod Bay environment
have been performed. During the early to mid-1970s, several current measurement and drogue
studies were performed in the vicinity of PNPS (Boston Edison Company, 1974; Bartlett and O'Hagan,
1975; Stone and Webster, 1975). A drogue study using seabed drifters was performed in 1983 to
measure the drift time between Plymouth-Kingston-Duxbury Bay and PNPS (Marine Research Inc,
1986).
Historical oceanographic studies of Cape Cod Bay include current measurements by the US Naval
Oceanographic Office (Boston Edison Company, 1974) and drift bottle studies by Bigelow (1924).
Current and flushing measurements of Plymouth-Klngston-Duxbury Bay have also been conducted
(Iwanowicz et a!., 1974). The most recent and complete oceanographic studies of the
Massachusetts/Cape Cod Bay system have been conducted by the U.S. Geological Survey. These
include drogue/drifter studies, current measurements, and the development of a three-dimensional
current circulation model of Massachusetts and Cape Cod Bay (Geyer etaL., 1992).
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Table 3.0-1 Ecological and Oceanographic Studies in the Vicinity of Pilgrim Station
STUDY
Marine Ecoloav:
* Marine ecology surveys
(finfish, lobster, sport
fishery, dissolved gases,
water temp., Irish moss)
* Benthic studies

.
*
*
*
*
.
*
*

*

*
*
*
*

Cape Cod Bay
ichthyoplankton studies
Entrainment sampling
Screenwash monitoring
for impingement data
Impingement sampling
Winter flounder larvae
studies
Lobster larvae studies
Water quality
measurements
Menhaden gas bubble
tolerance studies
Irish moss quality surveys
Study of alternative
solutions to menhaden
attraction problems
Fish barrier study
Fish spotting overflights
Discharge canal barrier
net study
Bottom trawling
Gill net sampling
Haul seining
Winter flounder trawling,
tag and recapture studies
Cunner collection, tag
and recapture,
recruitment studies

J'P7mlrs70~etrW702132D.dox

CONTRACTOR/CONSULTANTIAGENCVe

TERM

Massachusetts Department of Fisheries, Wildlife
and Recreational Vehicles, Division of Marine
Fisheries

1968-1999

a. Raytheon Marine Laboratory
b. Clapp Laboratories, Battelle Memorial Institwte
c. Marine Biological Laboratory, Woods Hole;
Yale University, Taxon, Inc.; University of
Massachusetts; SAIC
Marine Research, Inc.

1969-1970
1971-1974

Marine Research, Inc.
Massachusetts Division of Marine Fisheries

1973-1999
1973-1975

a. Marine Research Institute
b. MarineResearch, Inc.
Marine Research, Inc.

1976-1978
1979-1999
1976-1984

Marine Research, Inc.
University of Massachusetts

19741976
1973

New England Aquarium

19741976

a. Woods Hole Oceanographic Institute
b. SAIC, ENSR
Yankee Atomic Service Company and
EG & G, Inc.

19741976
1980-1999
1975-1977

University of Rhode Island
Borealis, Inc.
Boston Edison Company

1973
1976-1993
1976-1984

1974 1991
1974-1976

Fisheries
Fisheries
Fisheries
Fisheries

1970-1982
1971-1976
1981-1991
1993-1999

Massachusetts Division of Marine Fisheries

1990-1997

Massachusetts Division of Marine
Massachusetts Division of Marine
Massachusetts Division of Marine
Massachusetts Division of Marine
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Table 3.0-1 Ecological and Oceanographic Studies in the Vicinity of Pilgrim Station (continued)

*
*

STUDY
Rainbow smelt population
and parasitic infection
studies

CONTRACTOR/CONSULTANT/AGENCY
Massachusetts Division of Marine Fisheries

TERM
1979-1981

Winter flounder larvae
model
Impact analysis for
selected marine species

Massachusetts Institute of Technology
development
Stone & Webster

1975-1977

Thermal Plume and OceanoQraphic
Model development and
a.
predictions of thermal
b.
plume behavior
C.
Field measurement of
thermal plume
a. Boat surveys

b. Aerial infrared
surveys

c.

Dye release studies

Oceanographic measurements
Other physical oceanographic and thermal
plume studies

Studies:
Massachusetts Institute of Technology
Johns Hopkins University
EG & G, Inc., Environmental Equipment
Division

a. Massachusetts Institute of Technology
b. VAST, Inc.
c. EG & G, Inc.
d. EG & G, Inc.
a. Coastal Research Corporation
b. Aero-Marine Surveys, Inc.
c. U. S. Environmental Protection Agency
a.
b.
c.
a.
b.
c.
a.
b.
c.

Westinghouse - Zone Research
VAST, Inc.
EG & G, Inc.
Massachusetts Division of Marine Fisheries
ENDECO, Inc
EG&G,Inc.
Dames & Moore
Dr. D.W. Pritchard, Johns Hopkins UniversitW#
Stone & Webster Environmental Engineering
Division
d. Yankee Atomic Service Company

1975-1977

1972-1977
1970-1974
1974-1975

1972-1973
December 1972
October 1974
1994
December 1974
August 1973
September 1974
and October 1975
1970
December 1972
October 1974
1970
1973-1975
1974-1975
1967
1970-1974
1974
1975
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4.0 WATER BODY CHARACTERIZATION
4.1

Physical and Oceanographic Characterization

This section discusses available information on the physical and oceanographic characteristics of
Cape Cod Bay, as a basis for understanding the potential effects of PINPS operations on the
temperatures and biological characteristics of The Bay. Several studies h ave been conducted to
understand both the near and far field hydrodynamics in the Bay, as summarized below.
4.1.1

Physical Characteristics

Cape Cod Bay (Figure 4.1-1) is a generally rectangular embayment in soutt-eastem Massachusetts
constituting the southernmost part of the Gulf of Maine (Bridges and Anderson, 1984). Additionally,
Cape Cod Bay occupies the southernmost portion of Massachusetts Bay. Cape Cod Bay is partially
enclosed by the mainland on the west and Cape Cod, which is a hook-sha ped, glacially deposited
peninsula on the south and east (Bridges and Anderson, 1984). The northerm tip of this peninsula
extends about 10 km (6.2 miles) north of PNPS while the western shore of Cape Cod Bay is open to
the ocean from the north and northeast. Cape Cod Bay is approximately 30 km (18.6 miles) wide at
the latitude of PNPS. The surface area of Cape Cod Bay is approximately 365,000 acres (1,477 kM2)
and the volume is approximately 36 million acre-ft (4.5 km3) (Stone and Webster, 1975).
Water depths in the vicinity of PNPS are typically 10 feet (3 meters) and up to 35 feet (10.7 meters)
several miles offshore of the site. The nearshore depths to the north of PNPS average approximately
12 feet (3.7 meters) deep. The greatest depth, approximately 180 feet {54.9 meters), occurs at the
mouth of the bay. About half the surface area of the bay has depths grea-ter than 100 feet (30.5
meters), and the volume-mean depth is also approximately 100 feet (30_5 meters) {Stone and
Webster, 1975).

The bay floor slopes toward deeper water at its northem connection with

Massachusetts Bay and the Gulf of Maine. The bottom is mainly unconsolidated sediment finer in
deeper waters than near shore (Bridges and Anderson, 1984). The sea floor Ir1 the vicinity of PNPS is
generally sandy, but a shallow rocky ledge - Rocky Point - extends seaward from a point immediately
northwest of PNPS. In summary, the sea bottom is sandy with depths of apmroximately 21 feet (6A
meters) offshore and to the south of PNPS, with rock ledges and boulders typifying the bathymetry to
the north.
4.1.2

General Hydrodynamics

The movement of water within Cape Cod Bay is largely controlled by ocean circulation patters, tidal
fluctuations, and wind-induced motion. These effects control the hydrodynamic s of the Bay to varying
degrees and together control the exchange of water between Cape Cod Bany and the much larger
Massachusetts Bay.
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Residual ocean currents in the vicinity of the PNPS are generally toward the south and represent a
part of the large-scale counterclockwise circulation pattern within Massachusetts Bay. In addition, tidal
currents and wind-driven current fluctuations that can last from a few days to more than a week can
effect the general circulation pattern in the Bay.
Tidal currents tend to rotate clockwise, completing one revolution per tide cycle (EG&G,1995). In
addition, tidal fluctuations largely control the exchange of water between Cape Cod Bay and the larger
Massachusetts Bay. ride heights in Massachusetts Bay are predominantly semi-diumal with a typical
range of 9.1 feet (2.8 meters). The maximum tidal range at spring phase is 10.6 feet (3.2 meters)
(Stone and Webster, 1975). Because the tide height and phase are essentially constant along the
western side of Cape Cod Bay from Boston south to Barnstable, tides at PNPS are approximately the
same as Boston (EG&G, 1995). The tidal time difference between Boston and the PNPS is
approximately 5 minutes at high water and 20 minutes at low water (Stone and Webster, 1975). At
PNPS, the estimated average yearly maximum astronomical high tide is 11.7 feet MLW (3.6 meters
MlW), and the estimated average yearly minimum astronomical low fide is -2.3 feet MLW (-0.7 meters
MLW) (Stone and Webster, 1975).
Wind induced friction forces at the surface of deep-water areas, produce a wind-driven motion directed
to the right of the wind in the Northern Hemisphere as a result of the Coriolis effect In shallow water,
however, the wind-induced flow is more nearly in the direction of the wind. In general, the speed of the
wind-induced surface flow has been shown to be roughly 2 percent of the wind speed (Stone and.
Webster, 1975). In the immediate vicinity of PNPS, the local water movement near the station site is

strongly related to wind action because of the relatively shallow water depths (Stone and Webster,
1975).

The wind induced inflow to the bay for the average northerly component of the wind, or outflow from
the bay for the average southerly component of the wind, would occur over about the upper half of the
cross-section. Wind induced circulation has been estimated to result in a renewal rate of 4.5% of the
bay volume per day (Boston Edison Company, 1974).
The waters of Cape Cod Bay exchange with water from outside the bay through the processes of tidal
exchange, the general pattern of counterclockwise circulation, and wind-induced motion. The intertidal
volume represents approximately 9.3 percent of the mean volume of the bay. By considering the
displacement of the water at the mouth of the bay during the ebb fide it has been estimated that
approximately 2.7% of the volume of the bay is exchanged as a result of tidal flushing per day. The
wind induced circulatory flushing rate of the bay has been estimated at 4.5%/o of the bay volume per
day. The addition of tidal and wind-induced flushing results in a total bay flushing rate of 7.2% per day.
This corresponds to a mean residence time in Cape Cod Bay of 13.9 days (Stone and Webster, 1975).
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4.1.3

Current Velocities/Net Circulation Rate

Several current studies have been conducted in Cape Cod Bay using both fixed velocity profilers and
by conducting drogue studies. These studies provide information on both the current structure and the
net or residual circulation rate in the bay. The results of several of these investigations are summarized
below.
*

Drift bottle studies by Bigelow (1924) showed an average speed to the south of 1.9 nautical
mi.day (8.0 ft/min) (4.1 cm/sec) (Ayers, 1956).

*

Current studies were conducted in 1967 using drogues and neutrally buoyant floats. The
buoys were designed to present a minimum surface to the wind. These surveys were
conducted during ebb tide under light offshore winds from the south and southwest. The
drogues were released 400 yards (366 meters) seaward of the mean low water line. The
drogue investigation indicated an average surface velocity of 20 ftfmin (10.2 cm/sec) to the
east-northeast, an average velocity of 12 ft/min (6.1 cm/sec) to the north-northeast at a
depth of 15 feet (4.6 meters), and a velocity of 5.3 ft/min (2.7 cmlsec) to the north-northwest
at a depth of 25 feet (7.6 meters). Based on these drogue studies it was concluded that
circulation beneath the wind-driven surface drift was probably a combination of rotary tidal
currents and upwelling (Stone and Webster, 1975). The inflowing current at the mouth of
the bay has a mean velocity of at least 0.3 ft/sec (18 ftmin) (9.1 crnsec), and is estimated
to occupy a third of the cross-section at the mouth (Boston Edison Company, 1974).

*

A study conducted in July 1971 indicated no direct correlation of nearshore with offshore
velocities, except for the general southeast drift predominant at the time. Instrumentation
was placed at approximately 0.25 and 0.75 nautical miles (0.5 and 1.4 kilometers) offshore
at 0.6 of the average water column depth. The data collected indicated that the nearshore
winds had a greater influence on the nearshore velocities than on offshore velocities.
Compensating offshore currents were noted at both stations when onshore winds were
causing downwelling. Daily drifts indicated a nearshore velocity of-0.3 to 4 nautical
miles/day (1.3 to 16.9 ft/min) (0.7 to 8.6 cm/sec) and an offshore velocity of 3 to 7.2 nautical
miles/day (12.7 to 30.4 ftmin) (6.5 to 15.4 cm/sec) (Boston Edison Company, 1974).

*

A 1983 seabed drifter study (Marine Research Inc., 1986) was completed to determine the
transit time between Plymouth Bay to PNPS near the bottom of the water column. The
results of the investigation showed considerable variability in drifter transit times, with some
greater than 7 days and some substantially less.

The most recent current investigation of the Massachusetts/Cape Cod Bay system consists of a threedimensional modeling study by the US Geological Survey in 1994. The results of this study showed
that the majority of particles released into the water column off Boston Harbor would be transported
through Cape Cod Bay within a 15-day period. Model results also indicate that during the spring,
water masses from the Gulf of Maine are transported southward into and through Massachusetts and
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Cape Cod Bay within a 30-day period. Predicted net or residual currents in the vicinity of PNPS during
the spring were towards the south in the range of 2-8 cm/sec (3.9-15.7 ft/min).
In summary, the previous investigations have indicated that net surface velocities range from 1.3 ft/min
(0.7 cm/sec) to as much as 30.4 ftmin (15.4 cm/sec). In addition, velocities have been shown to vary
from the surface to the bottom from 20 ft/min (10.2 cm/sec) at the surface to 5.3 ft/min (2.7 cm/sec) at
a depth of 25 feet (7.6 meters), respectively.
4,.A

Temperature, Salinity, and Dissolved Oxygen

Water Temperature
Several previous temperature investigations have been conducted in the immediate vicinity of the
PNPS and in Cape Cod Bay. Temperatures and associated temperature fluctuations in the Bay are
important for understanding the distribution of biota and times of thermal stratification in the Bay.
Studies have indicated that, in addition to other factors, fluctuations in water column temperatures in
Cape Cod Bay occur due to, upwelling, downwelling, and turbulence. Temperature fluctuations
caused by upwelling occur when offshore winds push warm surface waters away from the shore,
causing cooler bottom waters to be brought to the surface. Downwelling occurs when onshore winds
push warmer surface waters against the shore, causing them to sink and resulting in a well-mixed
water column. Temperature fluctuations as a result of turbulence occur when wind-generated waves
mix surface and bottom waters.
Seasonal variations are significantly greater near the surface of the Bay than on the bottom, although
seasonal climatic changes produce temperature stratification during the summer months. Generally,
during the summer and early fall, the Bay temperatures exhibit a 2layer structure in which a very
strong temperature gradient exists at the interface of the two layers (with temperatures decreasing with
increasing water depth). More gradual temperature changes generally occur over the entire depth of
the water column within this 2-layer structure (Stone and Webster, 1975).
Temperature recordings at a station located approximately 2000 feet (610 meters) offshore from PNPS
by the Massachusetts Division of Marine Fisheries, were made at 2 feet (0.6 meters), 10 feet (3
meters), and 30 feet (9.1 meters) (bottom) below the water level. Measurements have indicated that
stratification of the water column typically occurs from June through September. Warming of surface
water begins in March or April and reaches its peak in July or early August, producing maximum
thermocline definition. Measurements showed surface to bottom water temperature differences of 0.54.rC. The Bays water becomes essentially isothermal in November, and surface temperatures reach
their annual low in February (0-2OC/32-35.6oF). Mixing between the surface and bottom water in
September or October transfers some heat to deeper layers, causing bottom water to show an annual
peak temperature in late summer/early fall (Bridges and Anderson, 1984). A close examination of the
offshore temperature data reveals large daily fluctuations (typically 2.8OC-5.6oC/37o°42.1°F)
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superimposed on the more gradual seasonal changes in weekly and monthly average temperatures
(Stone and Webster, 1975).
Data from 1970-1977 for a monitoring buoy near the station showed a temperature range of near 0C
(321F) during winter conditions to a monthly average of 18.80C (65.80F) in September 1974 and a
maximum value of 22.7C (72.9 0 F) during August 1973. Data were collected at surface, mid-depth,
and near-bottom. Surface temperature usually peaked in August or September, and the mid-depth
and bottom maxima usually occurred in September. Measurements also indicated that stratification
was evident from June through November (Bridges and Anderson, 1984).
Water intake temperatures recorded at PNPS provide another measure of background water
temperatures in the vicinity of the station. Monthly intake water temperatures recorded during
impingement collections for the most recent 10-year interval (1989-1998) are shown on Table 4.1-1.
During the first half of 1998, with the exception of June, water temperatures were higher than this
10-year period. Overall, 1990, 1995, 1997, and 1998 displayed relatively warm water temperatures.
The years 1987, 1989, 1991, 1994, and 1996 were average years, and the years 1988, 1992, and
1993 were cold water years (Anderson, 1999).
Salinity

During late winter, the Massachusetts/Cape Cod Bay system is unstratified and the water temperature
and salinity are vertically uniform throughout the water column. As the snow melts in the spring and
surface water runoff increases, the fresh water enters the Bays at the surface and because it is less
dense than the salty water it stays at the surface. As a result of the relative decrease in surface water
salinity, a density gradient develops. At the same time the additional solar warming increases the
surface temperature and further enhances the density gradient Data from a US Geological Survey
Mooring in Massachusetts Bay indicates that during 1996 the salinity at the bottom of the water column
was a fairly consistent 31-32 ppt throughout the year. However, the salinity of the surface water varied
widely from about 31.5 ppt during January through April and October through December down to low
levels of 28.5 ppt during the period between April and October. The period of reduced salinity at the
mooring is the result of fresh water inflow from spring snowmelt enhanced runoff XGalya eta!., 1997).
Dissolved Oxvoen
Dissolved oxygen is closely linked to the physical and biological changes in the Bay. Water column
DO' concentrations are the highest during the winter and early spring when oxygen is well mixed
throughout the water column. Once the water column is stratified during the summer months, the
bottom waters are effectively cut off from the atmosphere. However, consumption of DO via
respiration continues. As a result, bottom water DO concentrations decline continuously throughout
the stratified period. In addition, the saturation level of oxygen varies with temperature since cooler
water can hold more DO than warmer water can. Therefore, DO concentrations will decrease naturally
J-Vhftm"7VPfojects=70021UW,54.doc
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as the water column warms during the spring and summer. The fall water column overturn ends the
stratification period and results in increased DO concentrations inthe bottom waters.
Dissolved oxygen measurements during the year have been made throughout the
MassachusettslCape Cod Bay system since 1992 by the Massachusetts Water Resources Authority.
Monitoring results from this program indicate that the DO varies significantly throughout the year with
values in 1996 ranging from approximately 12 mgIL in mid-winter to a low of approximately 7 mg/L in
Massachusetts Bay and 5.5 mg/L in Cape Cod Bay during early fall. In general, the dissolved oxygen
at the bottom is less than at the surface by 1-2 mgIL throughout the year. This general cycle was
repeated during each of the monitoring years and suggests a fairly regular pattern of steady decline
through the period of increased algal production and a subsequent increase during destratification and
reduced algal production (Galya etaL., 1997).
4.2

Biological Characterization

This section provides a characterization of the biological environment in the vicinity of the Pilgrim
Nuclear Power Station (PNPS). The following biological communities discussed, are those
communities which are specified for evaluation under the 316 (a)guidance (U.S. EPA, 1977a).
tiIt

The 316(a) guidance targets the following biotic categories:
*

Phytoplankton

*

Zooplankton

*

Habitat Formers

*

Macroinvertebrates/Shellfish

*

Fish

Early surveys of the Massachusetts and Cape Cod Bay system were carried out in the 1800s and early
1900s at the Marine Biological Laboratory in Woods Hole (e.g., Agassiz, 1863; Allee, 1922) but few
environments were studied in detail. Cape Cod has long been considered as a biogeographical
barrier, with several northern species reaching the southern limit of their ranges in Cape Cod Bay and
many species that are more common to the south reaching the northern limit of their distribution (Allee,
1922. PNPS is situated on an open part of the coast and the biota in the vicinity of the station is more
typical of marine than of estuarine environments.
As presented in Section 3 (Description of Previous Studies), the biological environment in this area has
been studied extensively since the early 1970s. Therefore, considerable data exist to document-the
species and communities in the vicinity of the station including observations of potential effects of the
thermal plume, impingement and entrainment allowing the document to update information presented
J.-VUbSVnW97%PrqjeC%=7=1W=4.d=
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in the 1974 316 Demonstration and 1977 316 Supplemental Demonstration (Stone and Webster,
1977). In this section each of the biotic categories, selected Representative Important Species, and
Essential Fish Habitat Species are each separately discussed.
4.2.1

Phytoplankton

Prior to the 1970s, there was comparatively little research on the species composition of the
phytoplankton in Cape Cod Bay. Earlier work focused on offshore populations in the Gulf of Maine
(Bigelow et al., 1940; Hulburt, 1970), near Georges Bank (Hulburt, 1972; Riley and Bumpus, 1946;
Sears, 1941), in shallow coastal areas to the south (Lillick, 1937), Long Island Sound (Riley and
Conover, 1967), or along transects reaching from southern New England to Venezuela (Hulburt,
1966).
Two studies were conducted to characterize the phytoplankton communities in the vicinity of PNPS. In
September 1971, a series of samples were collected from the intake and discharge areas of PNPS
and from a station located 1000 feet (305 meters) offshore (Figure 4.2-1). Between 1973 and 1975, a
more extensive study was carried out to characterize the phytoplankton entrained at the plant (Toner,
1984a). Between December 1974 and February 1975, samples collected at the discharge were
analyzed for the species composition of onshore populations and compared to populations sampled
monthly at varying distances offshore (i.e., %4 , Yz, and 1 miles).
The samples collected in 1971 included 45 species of phytoplankton and 3 unidentifiable taxa. The
1974/75 study consisted of 73 taxa of which 50 were identified to species. Of the total species
recorded during both studies, only 14 taxa were shared between the two study periods.
There was no significant difference in species composition between the entrained collections and the
offshore population (Toner, 1984a). Percent similarities between stations were calculated for each of
the nine sampling dates; although similarity appeared to decline with distance offshore, there were no
statistically significant trends detected. Another statistical test, Kendalrs tau, indicated that the
community composition at all four sampling locations was essentially the same. The phytoplankton
community of western Cape Cod Bay, including the specific vicinity of PNPS, appears to be more
similar to that of the Gulf of Maine (i.e., to the north of Cape Cod) than to the communities found to the
south of the Cape.
The continuous sampling regime conducted in the 1974175 study provided results that illustrate the
Two annual peaks in
seasonal pattern of phytoplankton: communities adjacent to PNPS.
phytoplankton density were observed, one in February-March (11 million cellsA.) known as the spring
bloom and a second peak was observed in July (1-2 million cellsIL) (Figure 4.2-2). The lowest
densities were observed in December/January followed by April. Diatoms were the numerically
dominant taxa throughout the year, as previously reported for phytoplankton communities along the
Atlantic coast (Marshall, 1978). The dominant diatoms were Skeletonema costatum, Leptocylinddcus
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minimus, L. danicus; and Thalassionema nitzschioides; these species drove the seasonal peaks and
declines recorded over both sampling years. S. costatum was the most abundant species in the
collections; it has been shown to be a major component of the phytoplankton both north and south of
Cape Cod (Bigelow, 1926; Lillick, 1937; Hulburt, 1970).
As part of the program to monitor the potential effects of a new offshore sewage outfall, the
Massachusetts Water Resources Authority has monitored the -phytoplankton community in
Massachusetts Bay, as well as Cape Cod Bay, for several years beginning in 1992 (Galya et a!.,
1997). The stations located in Cape Cod Bay (F01 and F02) and southern Massachusetts Bay (F06),
are sampled approximately six times per year (Figure 4.2-3). The results from the 1997 plankton
sampling program are included in this report to illustrate a typical annual pattern (Figure 4.2-4). Highest
phytoplankton densities were observed in late February (4.7 million cells/liter). The main feature of the
late winter/early spring bloom was an extensive bloom of Phaeocystis pouchetil. The summer
community composition was dominated by microflagellates, which remained dominant in the region
until the onset of the fall bloom in October. This secondary peak in early October although not as
significant as the spring bloom, reached densities of 3.5 million cells/liter and was dominated by centric
diatoms (Cibik eta)., 1998).

In early February, the phytoplankton assemblage was dominated by unidentified microflagellates (0.5
million cells/liter). The centric diatom Rhizosolenia delicatula was also present in high abundance
(0.05 million cells/liter). In late February a fully developed Phaeocystis poucheti-bloom was observed
in Cape Cod Bay with densities exceeding 4 million cells/liter. P. pouchetli continued to dominate the
phytoplankton assemblage through the early spring with densities exceeding 3 million cells/liter. By
mid-June, Cape Cod Bay was again dominated by unidentified microflagellates (0.66 million cells/liter).
Cryptomonads and dinoflagellates of the genus, Gymnodinium were also present In late August,
Rhizosolenia fragilissima dominated the phytoplankton assemblage (12 million cells/iter), followed by
unidentified microflagellates (0.9 million cells/liter) and Skeletonema costatum (0.4 million cellsAiter).
Dominant phytoplankton taxa in early October included unidentified microflagellates (1.3 million
cells/liter) and the centric diatoms, Skeletonema costatum (0.5 million cells/liter) and Cyclotella spp.
(0.3 million cells/liter). The Phaeocystis pouchetli bloom observed during the spring of 1997 is
considered a nuisance species and the high densities recorded during the monitoring season were not
typical (Galya et al., 1997).
4.2.2

Zooplankton

The zooplankton community consists primarily of microscopic organisms that, although capable of
independent movement, cannot counter the effect of water currents and therefore drift passively in the
water column. Zooplankton are comprised of organisms that are planktonic throughout their life cycle
(holoplankton), as well as those that settle to the bottom or become mobile in the water column
(meroplankton).
Mare. 2000
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Zooplankton studies in New England have centered on the Gulf of Maine and the Georges Bank area
southeast of Cape Cod. Anraku (1964) studied the effect of the Cape Cod Canal on the copepods of
Buzzards Bay and Cape Cod Bay. Samples collected in 1970 and 1971 from Cape Cod Bay in the
vicinity of Pilgrim Station (Figure 42-5) indicated a zooplankton community that was sparse in winter,
with increasing densities during the summer months. During this study, the zooplankton community
was strongly dominated by copepods: Pseudocalanus elongatus, Temora Jongicomus, and Acardia
clausi which were collected throughout the year, Centropages typicus was the most abundant species
observed during the winter. Acadia tonsa, which is typical of southern, warner waters, is often found
in Cape Cod Bay in the summer months but was unaccountably absent from the summer samples
taken in these two years (Stone and Webster, 1974).
In a study conducted from August 1973 through December 1975, duplicate samples were taken
monthly at mid-depth at the intake and discharge stations at PNPS and at various depths at offshore
stations. Zooplankton abundances in this study showed seasonal cycles, reaching maximum densities
in August of each year and minimum densities in January and February (Figure 4.2-6). Copepods,
especially A. claus! and A. tonsa, dominated the samples, and on at least one occasion accounted for
over 50% of the collection. A. clausi was found every month except Novernber 1975; whereas, A.
tonsa was absent from January through April 1975 and occurred in reduced numbers In November and
December. The maximum observed density for A. dausi was 26,697 indfm3 In July 1975, when it
accounted for 31% of the sample; abundance of this species often exceeded 1000 ind/i 3 (Toner,
1984b).
Oithona similis was present all year, varying in density between 300 and 4800 ind/r 3, with a peak in
July 1975 and lowest densities in November and December. Pseudocalanus rninutus also occurred in
moderate abundances (ca. 1000 indtm3) every month, peaking in June of each year (5136 ind/M 3 and
4810 indrn3 in 1974 and 1975, respectively). Statistical evaluation of the rmean densities of these
species did not reveal any differences between stations, possibly because densities varied so widely
between sampling times. There was a significant correlation between density and depth for 0. similis,
A. clausi, P. minutus and copepod nauplii, with greater concentrations fou nd deeper in the water
column.
Larval barnacles, crabs, annelids and molluscs were abundant in the spring and were present in
moderate abundances in summer and fall. Species represented Included the bivalves Ensis directus,
Hiatella amtca, Laevicardium mortoni, Spisula solidissima, Modiolus spp., Mya arenaria, Mulinia
lateralis, and Mytilus edulis. There was a significant correlation between density and depth for M.
edulis, M. lateralis, and Modiolus spp., indicating a greater concentration of these larvae in the deeper
part of the water column.
The Massachusetts Water Resources Authority has monitored the zooplankton community in
Massachusetts and Cape Cod Bay, for several years beginning in 1992 (Cibik et a/., 1998). These
studies have identified species typical of inshore areas where nutrient levels are higher to include
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Acarda spp., Euytemora, and Centmpages hamatus; whereas, the species composition of offshore
communities is dominated by Calanus, Centropages typicus, Oithoona, and Pseudocalanus
Pseudocalanus. The MWRA program involved oblique zooplankton tows taken in Cape Cod Bay and
southern Massachusetts Bay approximately six times per year (Figure 4.2-3). Total abundance of
zooplankton in 1997 for Cape Cod Bay was lower than in previous years, however, the species
composition was similar. Total zooplankton abundance in 1997 peaked during the late summer and
was dominated by Oithona similis, Pseudocalanus, Calanus finmarchicus and Acadia tonsa. Spring
dominants included Oifthona similis, Pseudocalanus and Temora. Oithona was present year round
with peak densities occurring in the summer (8,000 organisms/m 3). The maximum abundance of other
species was less than 2,000 organisms/m 3 (Cibik eta/., 1998).
4.2.3

Habitat Formers

The marine environment in the vicnity of PNPS is typical of shallow, exposed areas in western Cape
Cod Bay and is characterized by sand and gravel interspersed with large rocks and boulders. The
entire PNPS area is bracketed by two rocky ledges, Manomet Point and Rocky Point (Figure 4.2-7).
The primary habitats formers in this area are marine macroalgae.
Several surveys of marine seaweeds have been conducted on the Massachusetts coast, but were
focused on areas to the north, Including Nahant (Webber, 1975) and Cape Ann (Lamb and
Zimmerman; 1964) or to the immediate south of the PNPS area (Coleman, 1971). Sampling at PNPS
has included intertidal qualitative and quantitative sampling (through 1978) and subtidal qualitative
(ongoing) and quantitative sampling (through 1991).
4.2.3.1

Intertidal Zone

Qualitative sampling at four stations in the intertidal zone was carried out for four years, beginning in
October 1974 (Figure 4.2-7). At each station, a 6-m-wide transect extending from the high to the low
water was established. A total of 137 species were recorded, including two Cyanophyta, 40
Chlorophyta, 48 Phaeophyta and 47 Rhodophyta. The number of species per station over the
sampling period ranged from a low of 97 at Manomet Point to a high of 11 1 at the Effluent station.
Species richness generally ranged between 60 and 70 representative taxa each year with a greater
number of species recorded after the first year of sampling.
The dominant algae at all elevations were the brown fucoids Ascophyllum nodosum and Fucus
vesiculosus. The greatest cover by Ascophytlum was at the Manomet Point and Rocky Point stations;
whereas Fucus was more common at the Effluent station (Table 4.2-1). ' Five species were recorded
only at the Effluent station: Enteromorpha aragonensis, Bryopsis plumosa, Codium fragile, Gracilaria
foliffera, and Soliera tenera. These species are known to prefer the warmer waters south of Cape Cod
and their presence at this location was probably a consequence of the thermal discharge.
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4.2.3.2

Subtidal Zone

The long-term benthic monitoring program at PNPS (19741991) included surveys of subtidal
macroalgae, with sampling sites located at Rocky Point, Manomet Point, and near the discharge canal
(Grocki, 1984; SAIC, 1992). Over 112 species of algae were identified from the samples taken over
the course of the monitoring program. Of these, 37 were chosen as indicator species, representing
members of each of the major algal families from a variety of habitats. The indicator species include all
of the dominant species in the area, the majority of the macrophytic species, and the most common
epiphytic species. The indicator species comprise the most substantial part of the algal community as
measured by percent cover or biomass, although they constitute only a srnall fraction of the flora
inhabiting the study area in terms of numbers of species.
The subtidal macrophytes are dominated by the Rhodophyta or red algae. Irish moss (Chondrus
crispus) is the dominant subtidal macrophyte in Cape Cod Bay and is the chief component of the
subtidal flora near PNPS. Depending on depth, Chondrus covers up to 90% of the available substrate,
attaining a maximum density between MLW and 14 ft (4.3 m) below MLW. At greater depths,
Chondrus density decreases and Phyllophora (P. brodiaei and P. membranifolia) becomes the
dominant macrophyte. Laminaria sp., Corrallina offcinalis, Polydesrotundus sp., and Uthothamnion
sp., are the remaining conspicuous representatives of the subtidal algal flora. Epiphytic species
include the rhodophytes Ceramium rubrum, Cystocdonium purpueum, and Spermothamnion repens.
The warm-water species Graciladia tikvahiae has been recorded on several occasions, primarily in the
area of the discharge canal where the growth of Chondrus has been impacted by the thermal
discharge.
Biomass of four categories, Chondrus, Phyllophora spp. epiphytic algae and "remaining benthic
species', were determined for each set of samples (Figures 4.2-8 to 4.2-10). The Effluent station
generally has the lowest values, but these are not always statistically significantly different from the
values recorded at the other stations.

A seasonal cycle of increasing bionass between March and

October Is seen in most years, especially for Chondrus and total algae. For Phyllophora, the cycle is
occasionally obscured but still present
Community overlap, or the percentage of species shared, was calculated using Jacard's coefficient
(SAIC, 1992). This parameter was calculated for station pairs sampled from 1983 through 1991 and
was based on the occurrence of the 37 indicator species. In general, the Manomet Point and.Rocky
Point stations have been consistently more similar to each other than either have been to the Effluent
station. Exceptions to this pattern have occurred both when the plant was in full operation and when it
was in an extended shutdown, therefore the exceptions do not appear to be correlated to operation of
the plant The range in overlap values is fairly small, indicating a relatively homogeneous species
distribution among all three stations.
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Macroinvertebrates/Shellfish

Several macroinvertebrate habitats are found within the area of PNPS, including both rocky and sandy
intertidal and rocky and sandy subtidal areas. The long-term benthic monitoring program at PNPS
(1974-1991) included surveys of all four habitat types, with sampling transects located at Rocky Point,
Manomet Point, White Horse Beach, and in the vicinity of the discharge canal (Figure 4.2-11) (Davis
and McGrath, 1984; SAIC, 1992). Sampling at particular stations and transects was modified
throughout the course of the program, with many stations occupied for only a subset of the entire
period.

Sandy intertidal areas are limited in extent near PNPS and tend to be a fairly high-energy environment
with coarse gravel overlying finer sands. Faunal colonization is usually limited, consisting primarily of
interstitial organisms or larger, mobile organisms such as hermit crabs that can traverse the area.
Results of monitoring studies of the other three habitat types are discussed below.
4.2.4.1

Rocky Intertidal

The rocky intertidal habitat consists of large boulders interspersed with smaller rocks and patches of
cobble, gravel, and coarse sand. The fauna in this zone are adapted to the harsh conditions
associated with the tidal cycles, including the physical stresses of temperature fluctuations,
dessication, and ice scouring. Organisms that are able to survive in this environment are subject to
predation and competition for space; two factors that control biological populations in this area (Menge,
1976).
Samples at rocky intertidal stations were taken from late 1971 through mid-1979. The common
-bamacle Balanus balanus is ubiquitous throughout the area and is the dominant macrofaunal
organism in the upper rocky intertidal zone. The gastropods Lttorina Ifttorea and L. obtusata are also
common in this habitat Mean densities of Lttofina littorea at the discharge monitoring station and two
background stations are shown in Figure 4.2-12. In the middle and lower intertidal zones, Balanus is
increasingly replaced by the blue mussel (Mytlus edulis) and macroalgae. Sessile species in this zone
are often subject to severe predation by Asterias spp. and the carnivorous gastropod Nucella lapillus.
The holdfasts of the macroalgae provide a habitat for small polychaetes, molluscs, and amphipods,
including the sabellid polychaete Fabricia sabella, and the amphipods Hyale nilsoni and Caprella
penants (Davis and McGrath, 1984).
The total number of species collected on one sampling occasion ranged from 7 to 20, with no apparent
differences among the three sites sampled. Faunal densities ranged from 104 to 105 individuals per
m2 , and sometimes exceeded 106 following an especially dense settlement of Mytilus.
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4.2.4.2

Rocky Subtidal

The rocky subtidal habitat has been the most intensively studied benthic habitat in the PNPS area.
Sampling began in 1971 and continued through 1991, although with many modifications to the
program during this time. The largest taxonomic group found in the samples were crustaceans. The
predominant crustaceans included 34 species of amphipods, followed by 30 species each of
polychaetes and molluscs. Species representing other groups, such as nemerteans, echinoderms,
and anemones together accounted for 12% of the total fauna. The total number of species collected at
each station is plotted for the period April 1983 (when the sampling program was last modified) through
October 1991 in Figure 4.2-13. At each of the three stations, the top 15 dominant species account for
90 to 98% of the observed fauna. Between 40 and 80 species accounted for the remaining 2 to 10%.
For example, Tables 4.2-2 through 4.2-4 show the densities of the 15 top dominant species at
Manomet Point, Rocky Point, and Effluent stations, respectively, in the Spring and Fall of 1991. The
spring samples at all stations were dominated by the mussel Mytilus edulis, which accounted for 6175% of the total fauna. Amphipods and gastropods dominated the remaining 25 - 39%. Jassa falcata
and Corophium spp. were the two dominant amphipods. Lacuna vinta was the dominant gastropod
species prevalent at the three stations.
In the Fall of 1991, the density of Mytilus was significantly lower, and therefore accounts for a smaller
There was considerable variability in Mytilus density throughout the
percentage of the fauna.
stations (Figure 4.2-14). At the Effluent station, 50% of the fauna
the
sampling
at
all
monitoring period
was comprised of four amphipods and the gastropod L. vincta each contributing approximately 10%,
whereas Mytilus only represented 5%. Only seven of the dominant Spring taxa were among the
dominant fall taxa at this station. The dominant fauna was not diverse in terms of phyla represented,
with 12 of the 15 dominants being amphipods. At Manomet Point, fall samples were dominated by L.
vincta and Jassa falcata, each contributing about 20% of the total, and lower ranking species
contributing from 1 to 10%. The most abundant species at Rocky Point was the amphipod Dexamine
thea, which represented 34% of the total fauna, followed by L vincta (20%) and Caprella penantis
(10%). At both Manomet and Rocky Point, the fall dominants were more similar to the spring
dominants, compared to the pattern seen at Effluent.
In other years, as observed for 1989 and 1990, M. edulis was dominant in both spring and fall
samples, accounting for 58 to 90% of the fauna in a given sample. Conversely, some years such as
1987 had a smaller set and the fauna was dominated by species of amphipods such as J. falcata,
while M. edulis ranked as low as 51h or 61 in a given sample.
Total faunal densities from 1983 through 1991 are shown for all three stations in Figure 4.2-15. Total
densities fluctuated widely during this interval, primarily due to periodic mass settlements of M. edulis.
However, even when M. edulis is removed from the total, densities still exhibit a seasonal and a longterm cyclic pattern (Figure 4.2-16).
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Species diversity is a measure of the relationship between the number of species (richness) and their
abundance in the community. The Shannon-Wiener (H) index, with its associated eveness index
(Pielou's J), was calculated both including and excluding Mytillus edulis, because the occasionally high
numbers of this species can obscure underlying patterns (SAIC, 1992). A seasonal pattern of low
diversity in the spring followed by higher values in the fall is evident from the data plotted in Figure 4.217. Diversifies were generally highest at the Rocky Point station, although Manomet Point samples
had very similar results. Diversifies were generally lowest at the Effluent station compared to the other
two sites, but echoed the general pattern of increasing and decreasing diversities over the seasons.
Also, the final sampling date of October 1991 saw diversifies at the Effluent station surpassing those at
the other two locations.
4.2.4.3

Sandy Subtidal

Sandy subtidal substrate' is widespread throughout western Cape Cod Bay and is probably more
typical of the study area than is the rocky subtidal habitat Transects of sandy subtidal stations were
located at White Horse Beach and at the Effluent near PNPS. Two stations were established at each
of the sampling sites, one station was located at the 10-ft (3 m) depth and the other station at the 30-ft
(9.1 m) depth. Quantitative sampling was conducted at these stations beginning in 1971 and
continued through 1979. The two most common species found at these stations were two amphipods,
Acanthohaustorius mills! and Pmotohaustoriusdeichmannae, which often accounted for over 75% of
the total individuals in a sample. Other species found in this habitat included the common sand shrimp
Crangon septemspinosus, the moon snail Lunatia heros, and the sand dollar Echinarachnius panna.
These species, while common and widespread, were not present in large numbers. Faunal densities
ranged from 103 to 104 indlen at both the 10-ft (3 m) and 30-ft (9.1 m) sites; these densities are
approximately an order of magnitude lower than that found at the rocky subtidal stations (Davis and
McGrath, 1984).
Diversity at the 30-ft (9.1 m) depth was greater than at the shallower stations, with many small
polychaete species, including Spiophanes bombyx, Aricidea jeffreysii, and the archiannelid Polygordius
spp.j becoming increasingly abundant with depth. The bivalve Tellina agilis, which is found over a wide
geographic range, was also common. The total number of species per sampling event at the sandy
stations ranged from 20 to 30 species/station at the 10-ft (3 m) sites and 30 to 40 species/station at the
20- to 30-ft (6.1 to 9.1 m) sites. These numbers were always lower than those recorded from the rocky
stations. No differences were seen between the two 30-ft (9.1 m) stations in terms of number of
species, except when clearly different sedimentary regimes were sampled (Davis and McGrath, 1984).
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American Lobster
The principal shellfishery in the site vicinity is for the American lobster, Homarus arnericanus, which is
found in a wide range of habitats from Newfoundland and Labrador south to Cape Hatteras, North
Carolina. The predominant depth range is from the sublittoral fringe to 50 m (164 feet), although
lobsters are fished to depths of 700 m (2,297 feet) on the edge of the continental shelf (Cooper and
Uzman, 1971). The Massachusetts-fishery is the second largest U.S. lobster fishery, accounting for
about 28% of the U.S. landings (Estrella and Morrissey, 1997). The lobster is common in western
Cape Cod Bay and supports a valuable commercial fishery in the PNPS area, primarily between the
months of March and November (Lawton et at., 1984). Of the seven statistical reporting areas
analyzed by the MDMF, the Plymouth region (Area 6) has ranked -in the top five in total lobster
landings since 1979 (Estrella, 1996).
Because of the commercial importance of this species, several special studies pertaining to the lobster
have been conducted within the vicinity of the PNPS. Results of studies conducted from 1974-1977 on
the seasonal occurrence, abundance, and distribution of larval lobsters suggested that a significant
percentage of the larval lobsters found in Cape Cod Bay in June may have come through the Cape
Cod Canal due to the warmer temperatures conducive to hatching. The source of these larvae could
have been ovigerous females inhabiting the eastern end of the Canal or even more remote populations
in Buzzards Bay (Matthiessen, 1984). Matthiessen (1984) suggests that the Cape Cod Canal may be
a significant source of recruitment to the Cape Cod Bay lobster stocks as a result of complex dispersal
patterns.
A tag-and-retrieval program was conducted from 1970-1977 in order to study the movement and
growth of sublegal, sexually immature lobsters captured and released in the vicinity of PNPS (Lawton
et a!., 1984a). Analysis of the data indicated that movement of this population was very limited, since
71% of the returns were recaptured on the ledges where they had originally been released. The
remaining 29% had traveled anywhere from 4.8 to 45 km (3.0 to 28 miles), in directions ranging from
northwest towards Boston and east/southeast through the Cape Cod Bay. Distance traveled was not
correlated with time-at-large and most lobsters were recaptured the same year they were tagged.
Similar studies indicated that there was a moderate seasonal movement to inshore waters in the spring
and offshore waters in the fall but not as extensive as migrations of larger sexually mature individuals
(Lawton et al., 1984a).
During the same time period, an evaluation of the commercial lobster fishery was made by biweekly
samplings of the catch of local commercial fishermen (Lawton et a!., 1984b). Analysis of data from
lobsters caught in the vicinity of PNPS was compared to reference areas and the statistics of the Gulf
of Maine populations. The overall catch rate mirrored population trends in the reference area as well as
elsewhere in the Gulf of Maine and there were no indications that PNPS operation had any impact on
the fishery.

JubW7\Projects=D70021\2WLh4.doe

4-15

15MCh.

2X0

ENUR
4.2.5

Fish

The species composition of finfish found in western Cape Cod Bay reflects a transition between the
Gulf of Maine and the mid-Atlantic Bight (Lawton et al., 1995). Due to the warm water intrusion from
the Cape Cod Canal into the cold waters from the Gulf of Maine current, Cape Cod Bay maintains a
seasonally diverse composition of finfish. Cape Cod serves as the southem-rr"ost boundary for several
northern Atlantic fish species and the northern-most boundary for several fishi species that inhabit the
warmer waters south of Cape Cod, resulting in a wide variety of fish species.
Several studies have been published that document the fish species inhabiting the waters of Cape Cod
Bay. The fishes of the Gulf of Maine were initially documented by Bigelow and Schroeder (1953).
More recently detailed studies have been conducted on localized fish populations throughout the Gulf
of Maine. Seasonal abundance of fish species have been reported for nearby Welifleet Harbor (Curley
et al., 1972), Plyrnouth-Kngston-Duxbury Bay (Iwanowicz et al., 1974) and Cape Cod Bay (Howe and
Germano, 1982) as well as several other marine and estuarine areas north of Cape Cod Bay.
Since 1971, the Massachusetts Division of Marine Fisheries (MDMF) has conducted fish surveys in the
vicinity of the PNPS to determine the potential power plant operational effects on the local fish
population. Several types of sampling gear were used to survey the species of fish found near PNPS,
including bottom trawls, gill nets, and haul seines. In addition, ichthyoplanktorI studies were initiated in
1974 to assess the presence and extent of early life stages of local fish populations, and possible
detrimental effects from the PNPS. Prior to the initiation of PNPS-related studies, the ichthyoplankton
found in Cape Cod Bay had been studied either only qualitatively (Bigelow, 1928) or incompletely
(Sette, 1943).
Results of the ichthyoplankton studies, as well as the range of adult fish sampling programs, are
discussed below.
4.2.6.1

Ichthyoplankton

Until initial development of PNPS began, little information had been collected on the ichthyoplankton
composition in Cape Cod Bay. Pre-operational ichthyoplankton studies were performed to evaluate
baseline conditions of ichthyoplankton densities in the vicinity of PNPS. Ichthyoplankton collections
made from March 1970 to December 1971 near PNPS contained the eggs and larvae of 25 species of
fish. Of the 25 species collected, 96% of the eggs and 68% of the larvae were represented by Atlantic
cod, pollock, winter flounder, cunner, tautog, squirrel hake, Atlantic mackerel, and silver hake. In
collections made in 1972, winter flounder eggs and larvae were found in the spring; cunner and
menhaden were found' in late spring and summer; and pollock and cod were found in winter months
(Stone & Webster, 1974).
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Following the onset of PNPS operations, fifty-one stations were established throughout Cape Cod Bay
to monitor and compare ichthyoplankton densities. Detailed studies to examine the ichthyoplankton at
51 stations in Cape Cod Bay were conducted from March 1974 through February 1976 (Figure 4.2-18).
A minimum of 60 species were represented In Cape Cod Bay ichthyoplankton collections; this number
is considered conservative because of the possibility that more than one species is contained in 'spp.'
groupings (Table 4.2-5). The annual mean densities of the 35 most abundant species are given in
Table 4.2-6. During this sampling period (1974 - 1976) sand lance, Ammodytes spp., dominated the
collections, especially in January - March, with an average peak density that was nearly 2.5 times
greater than any other species (Figure 4.2-19). Fourbeard rockling, Atlantic rnackerel, the hakes, and
cunner ranked second through fifth, respectively, and were all present in similar densities. The top six
species accounted for 85.2% of the total catch.
Larval and egg distribution for several fish species in Cape Cod Bay based on sampling times of
maximum occurrence is presented in Figure 4.2-20 (Scherer, 1984). Local concentrations of winter
flounder eggs and larvae indicates that spawning takes place primarily in the area estuaries located
throughout Cape Cod -Bay. Scherer (1984) describes the distribution of cunner and tautog eggs although not indicated in the Figure 4.2-20 - and suggest that spawning takes place at the entrance
channel to PHKDB and the mouth of the harbor respectively. Distributions of Atlantic mackerel and
fourbeard rockling imply that they spawn throughout Cape Cod Bay. Silver hake spawning grounds
appear to be located in the deeper waters of northern Cape Cod Bay based on larval and egg
concentrations and previous reports from Bigelow and Schroeder (1953). American plaice, pollock,
Atlantic herring and witch flounder allegedly spawn outside Cape Cod Bay and their eggs and larvae
disperse throughout the bay via currents and wind (Scherer, 1984). Sand lance, windowpane, Atlantic
menhaden and radiated shanny all use specific habitats of Cape Cod Bay as spawning grounds.
Eight of the species taken in these collections are generally outside of their reproductive range and
might be considered stragglers from more southern waters (Scherer, 1984): Atlantic needlefish
(Strongylura marina), black sea bass (Centroprisis striata), soup (Stenotomus chtysops), weakflish
(Cynoscion regales), northern kingfish (Menticinthus saxatilis), seaboard goby (Gobiosoma ginsburgi),
smallmouth flounder (Etropus microstomus), and northern puffer (Sphoeroides maculatus). Possibly
the eggs and/or larvae of these species were transported through the Cape Cod Canal. The remaining
species are considered typical of the larger Gulf of Maine region.
Winter Flounder (Pseudopleuronectes amercanus) Larvae
Studies focusing on larval winter flounder at a varying number of stations In Plymouth Harbor-Duxbury
Bay were conducted from 1976-1984 (Marine Research Inc., 1986). The vertical distribution of larval
winter flounder showed a slight affinity for the bottom of the water column as greater than half of the
sample (55%) was collected during bottom tows, except during or near spring fides. An inverted
distribution pattern was observed for larval flounder during spring tides when 64% of the sample was
.-.a1
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collected in the top 5 m (16.4 ft). The rapid flushing rate of PHKDB estuary exchanges 66% of the
mean high water volume with every tidal cycle. Distribution patterns illustrated in Figure 4.2-21
demonstrate that larval winter flounder densities fluctuate between PHKDB and the Plymouth Bight
area between sampling periods conducted approximately every two weeks. This distribution observed
from one sampling period to the next indicates that there is a lot of mobility and transport of winter
flounder larvae out of the estuary particularly during spring tidal cycles.

a

The winter flounder larvae generated from PHKDB that are flushed out of the estuary generally flow
offshore. Albeit, during or near spring tides the larvae tend to follow a more southerly route to inshore
waters near Rocky Point via Warrens Cove. Inter-annual trends of winter flounder abundance was
graphed for samples collected at two stations that were consistently sampled during the study period
(Figure 4.2-22). Data from both stations exhibited a decline in densities from 1970 to 1975 followed by
an upward trend from 1976 to 1981.
4.2.5.2

Adult Fish

Marine finfish monitoring has been conducted in the vicinity of the power station to determine if the

operations from the plant effects local fish populations. To encompass all fish populations that inhabit
waters in the vicinity of PNPS, several sampling, methods were employed. Bottom trawling gear was
used to sample demersal fish species inhabiting inshore bottom waters. Gill nets were set to sample
pelagic finfish species inhabiting the water column, while haul seining was employed to sample the
inshore finfish species. Visual transects were surveyed by divers in complex habitat areas unable to be
surveyed with typical sampling equipment. The diver observations were used to assess habitat seeking
fish species such as the tautog and cunner. In addition to the finfish sampling methods, recreational
creel surveys were conducted to assess the extent of the sport fisheries adjacent to PNPS.
Bottom Trawl Samolinq
Bottom trawling for demersal fish was performed at three to five fixed stations located 4.5-6.5 km from
the entrance to Plymouth Bay and within a 3.2-km (2 mile) radius of the plant (Figure 42-23). Data
collected between 1970 and 1982 was analyzed for inter-annual trends and composition. Biweekly
replicate tows were made during daylight hours at each station throughout the year from 1970-1982
(Lawton et al., 1984c, 1995). A total of 50 species of fish were identified from the trawls over the 13
years of sampling (Table 4.2-7). Of these, six species dominated the catches numerically and
accounted for 92.1% of all fish caught In descending order of abundance, these species were winter
flounder (Pseudopleuronectes amedcanus), yellowtail flounder (P. ferrugineus), skates (Raja spp.),
ocean pout (Macrozoarces americanus), longhorn sculpin (Myoxocephalus octodecemspinosus), and
windowpane flounder (Scophthalmus aquosus) (Figure 4.2-24). Winter flounder ranked first in each of
the 13 survey years, but the ranks of other species varied over time. For example, M. americanus
ranked second in the early years, but had fallen to fourth by the end of the series; P. femrugineus
shifted from third to second; and both M. octodecemspinosus and S. aquosus dropped one place
March. 2000
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overall by the end of the study. Skates, Raja spp., showed the largest change in final rank, moving
from sixth to third place. A general decline for most of the dominant groundfish was evident during the
study period, but this mirrored trends observed for the groundfishery over large geographical areas
(Lawton et al., 1995)
Trawling continued through 1993 where focus was emphasized on the dominant three species
collected during the trawl surveys; winter flounder, little skate and windowpane, which comprised
between 75% and 91% of the total catch between 1989 - 1993. In 1993, catch per unit effort (CPUE)
for winter flounder had increased for the second consecutive year following a decline between 1983
and 1991 (Figure 4.2-25). In contrast a resource assessment project conducted by MADMF through
1989 in waters less than 9.1m recorded biannual peaks in winter flounder abundance for odd years
during the study period including 1987 and 1989, although the 1989 peak was not as significant as
previously recorded peaks (Figure 4.2-26). Little skate and windowpane also exhibited a decline in
CPUE in the study area through 1991, although the decline was not evident until 1988 (Figures 4.2-27
and 4.2-28). Although not indicated in the figure, the mean annual catch rate for windowpane and little
skate rebounded in 1992 and 1993. The MADMF resource assessment surveys reported through 1989
also recorded fluctuations for both populations in waters less than 9.1m over the study period although
a significant decline was not observed in 1988 or 1989 (Figures 4.2-29 and 4.2-30). It should be noted
that the trawl used during the 1983 - 1993 study period was replaced in 1992 because it was
compromised due to wear. This should be taken into account when evaluating inter-annual data
before and after 1992, although both trawl nets were said to be comparable.
Gill Net Samplina
Gill net sampling for pelagic fish was conducted at one site located partially within the influence of the
thermal plume. Biweekly overnight sets were made as often as possible throughout each survey year
from 1971-1992 (Lawton etal., 1993). Gill net collections In 1992 yielded 22 species, with four species
representing nearly 75% of the total catch. Pollock (Pollachius virens) was the most common species,
followed by striped bass (Morone saxatilis), cunner, (Tautogolabrus adspersus), and Atlantic herring
(Clupea harengus). Striped bass replaced herring, which has traditionally ranked second in the
percentage catch. Mean catch-per-gillnet set for pooled species over the twenty-two years exhibited
wide fluctuations (Figure 4.2-31). Following a significant drop in 1975, mean catches rebounded in
1976 and remained high through 1981. A decline was again observed in mean catches between 1982
through 1986 until numbers increased significantly in 1987 and 1988 only to decrease again between
1989 and 1992. Pollock comprised 40% of the total catch in 1992, having dominated the gill net
survey since 1971. The pollock has generally mirrored the trends of pooled species during the study
period (Figure 4.2432). Striped bass catch rates have been highly variable during the study and have
been relatively high the last three years in comparison to the time-series (Figure 4.2-33). Cunner
comprised 9% of the total catch in 1992 (Figure 4.2-34). Relative abundance of cunner has been low
since 1985 with 1990 abundance the lowest of the 22-year study. Atlantic herring only comprised 7%
of catch in 1992 although it has been one of the dominant species observed in the gill net surveys
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(Figure 4.2-35). Due to their highly migratory behavior, Atlantic herring catches were highly variable
over the years; they were all but absent in 1985 but set survey records in 1988.
Haul-seine Samplina
A focused haul-seine study was initiated as a means of sampling the fish in shallow water habitats and
was conducted from 1981 through 1991. Stations representing the diverse shore-zone habitats in the
area were sampled biweekly during spring (March-April), summer (August-September), and fall
(November-December) months (Figure 4.2-36) (Lawton et al., 1984c, Kelly et al., 1992). Replicate
hauls were made at each station to estimate catch variance. These collections yielded 185,000 fish
representing 46 species, with the Atlantic silverside (Menidia menidia) comprising 67% of the entire 11year catch. For 7 of the 11 sampling years, this species comprised over 80% of the annual total catch.
Sample station locations were modified from the onset of the sampling program in 1981 to ensure
consistent habitat between stations. Cross station comparisons were conducted for samples collected
at the power stations intake, Long Point, Warrens Cove and Manomet Beach (Figure 4.2-36).
Seasonal patterns of relative abundance and species composition were relatively consistent from year
to year. Relative abundance increased as the water temperatures increased in the summer and
remained stable until a decrease in water temperature in the fall. The greatest number of species were
observed at the Intake station followed by Long Point, Warrens Cove and Manomet Beach. The
higher diversity observed at the intake station and Long Point was likely a result of the protective
habitat and available vegetative cover in comparison to the high energy, open coastal environments of
Warrens Cove and Manomet Beach. Due to the schooling nature of several fish species their
presence in haul-seine samples tend to vary between extreme large numbers and low numbers.
These single large catches of schooling fish species skewed the statistical analyses as the statistical
variance was generally large for both individual species and pooled species, which made for large
confidence intervals around the mean (Kelly et al., 1992). In addition, the absence of stock size
estimates for the winter flounder and the Atlantic silverside at the time of the study, hindered an
assessment of impacts on either population as a result of PNPS operations. However, no downward
trend for the Atlantic silverside abundance in the station catch rates or discemable trend for the winter
flounder relative abundance at the Intake Station could be construed from the data collected during the
haul-seine study (Kelly eta/., 1992)
Diver Observation Surveys
Diver observations began in 1981 to observe marine biota inhabiting the waters in and around the
discharge canal. Using fish per dive as a unit of relative abundance, pooled (all species observed)
data Indicated that abundance fluctuated over the fourteen year time period illustrated in Figure 4.2-37.
Declines in abundance were not linked with the intermittent power outages at PNPS, as relative
abundance during higher operating stage (1992 - 1994), were similar to the reduced levels observed
during the extended plant outage between 1987 - 1989. Overall highest finfish counts were in the
denuded region over both the control and the stunted areas. Cunner was the most commonly
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observed species in the finfish observation surveys. Fluctuations in the relative abundance in cunner
during the survey record mirrored that of the pooled data (Figure 4.2-38). Striped bass ranked second
during 1994 even though the species was all but absent prior to 1990 (Figure 4.2-39). The striped
bass and bluefish (Figure 4.2-39) have been attracted to the thermal plume in recent years although
the bluefish were absent from the diver observations survey in 1994. Tautog were the third most
abundant fish species observed during the diver survey. Tautog were observed exclusively in the
discharge area. Tautog abundance fluctuated widely over the survey period with the highest relative
abundance observed in 1990 (Figure 4.2-40). Pollock usually observed in the study area were not
recorded in the finfish diver surveys in 1992 or 1993. Due to the highly rnobile nature of pollock,
sightings have been sporadic and primarily in the stunted Chondrus growth zone.
Recreational Creel Surveys
To determine the extent of the shore-based recreational fishery in the area of the PNPS, formal
recreational creel surveys were conducted between 1973 - 1975 and 198311985. Data were collected
from anglers who visited PNPS during the study period. Overall cunner, bluefish, pollock, striped bass
and winter flounder dominated the recreational fishery (Figure 4.2-41) (Lawton et. al., 1987). Effort
hours were highest in 1974 and lowest in 1975, while CPUE was highest in 1985 and lowest in 1973
(Table 4.2-8). Species composition of annual angler catch had wide fluctuations with the exception of
cunner, which increased over the survey period (Figure 4.2-42a and 4.2-42b). Following this focused
study, an evaluation of creels surveys conducted between 1990- 1994 was performed, but catch rate
was evaluated differently making it difficult to make comparisons with previously recorded data (Figure
4.2-43). Bluefish and striped bass dominated the catch during this study except for 1991 when cunner
and bluefish were the dominant species. Striped bass and bluefish also dominated the recreational
angler surveys between 1995 and 1998. Groundfish numbers have been minimal since the intensive
creel study began again in 1990 following the extended plant outage, prirarily due to the lack of
fishing effort targeting these species.
Focused Studies: Winter Flounder. Rainbow Smelt. Cunner
Focused studies were conducted on winter flounder, rainbow smelt and cunner.

Winter flounder (Pseudopleurnectes americanus)
Due to the commercial importance of winter flounder, a monitoring prograrn was executed by the
MADMF to develop quantitative measures of the adult segment of the population assumed to be
vulnerable to potential effects from power plant operations (Lawton et a!., 1 999). Between 1993 1999, an area-density trawl survey and mark-and-recapture program were conducted to determine
distribution, fidelity, and abundance of the local winter flounder population - The study area was
defined as the area from the Mary Ann Buoy off Manomet north to Humarock, Marshfield and from the
PHKDB estuary out to the 36.6 m (120 ft) depth contour (Figure 4.2-44). Results from Lawton et al.
Marc1, 2000
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(1999) study revealed annual mean catch per unit effort (CPUE) from the trawl surveys increased from
1995 to 1996 and peaked in 1997. A decline in CPUE was recorded in 1998 and again in 1999. Areaswept abundance estimates for 1996 and 1997 revealed a similar adult stock size, but 1997 had a
higher juvenile abundance, as did 1998. Estimates of abundance for 1999 were lower for both adults
and pooled juvenile and adult data (Table 4.2-9). A total of 22,476 winter flounder were tagged during
the study period, although only a 4% recapture rate resulted from the overall study. Due to the poor
tag retrieval rate, abundance estimates from the tagging study are unreliable.
Rainbow smelt (Osmerus mordax)
A special study of rainbow smelt in the Jones River (Kingston, MA) area was carried out from 1979 to
1981 in order to determine egg production, population structure and size, and influence of parasitic
infestation on the health of the stock (Lawton et a/., 1990). In that study, substantial growth variation
within year-classes resulted in considerable overlap in length and weight between year classes. With
the exception of 1-yr old individuals, females were longer and heavier, on average, than males of the
same age. Possibly due to longer residence times in the river, males dominated during the spawning
runs sampled, outnumbering the females up to 9:1. Five age groups were present in the spawning
runs, but 2-yr olds comprised up to 88% of spawning population; whereas ages I and 5 were
especially in the minority. The greatest egg densities were deposited on unidentified macroscopic river
plants, but additional deposits were made on hard substrates such as sand and cobble. A survival
value of at least 0.06% was estimated for eggs produced in 1980, and according to laboratory studies,
could have been as high as 3.7%. For 1981, the total smelt egg production was conservatively
estimated at 3.289 X 109 eggs. Relatively large impingement incidents of adult and juvenile rainbow
smelt were recorded during December of 1978, 1993 and 1994.
Increased monitoring and stock enhancement measures have been employed to enhance the local
smelt population. In 1994 and 1995, 1.8 million wild anadromous smelt eggs were stocked into the
spawning grounds of Jones River. In addition, smelt spawning habitat of the Jones River has been a
part of an enhancement and restoration effort since 1994. Trays filled with sphagnum moss have been
placed on the spawning area to provide artificial substrate for the demersal, adhesive smelt eggs,
since very little natural vegetation exists in the spawning grounds. The sphagnum moss filled trays
provide a depositional surface that protects the eggs during development (Lawton et at., 1999).
Vegetative habitat has been reported to increase smelt egg survival to hatching to 10% in comparison
to only 1% survival on natural hard abiotic substrate (Sutter, 1980). Other habitat mitigation measures
have been employed to clear the migratory pathway of the Jones River from tree fall and other
obstructive debris on route to the rainbow smelt spawning grounds. The rainbow smelt egg set in 1996
was a substantial improvement over the egg sets observed in the Jones River in the previous years
and the best egg production since the early 198(s'' (Lawton et al., 1999). This improvement was
likely the result of optimal water conditions for egg survival and the contributions from the 1994 egg
stocking as 1996 would be the first spring this year-class (age-2) would be contributing to the spawning
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Cunner (Tautoqolabrus adspersus)

Cunner was selected for investigative programs from 1990-1997, as it ranks first in the number of
finfish eggs entrained and relatively high larval entrainment rates have been estimated over the years
of plant operation. The cunner requires refuge areas throughout its entire life. Shelter is imperative to
its sleep phase, and in general, provides protection from predators ar-d often offers foraging
opportunities. At PNPS, the intake breakwaters and discharge jetties augment natural structure,
providing a high-relief, structurally complex habitat for the cunner.
Tagging studies were performed from 1990-1996 to estimate absolute abunda nce of the adult segment
of the local cunner population. Four sites were selected for the tagging study. Outer Intake Breakwater
at PNPS, White Horse Beach, Rocky Point and inside the Intake. A total of 6, 506 cunner were tagged
in the PNPS area. Population estimates were made using the Schumacher-Eschmeyer closed
population model. Using the Schumacher-Eschmeyer closed model, the population in 1992 near the
breakwater was estimated at 4,976. In 1994 and 1995, the population estir-nates at the breakwater
were 3,628 and 5,833, respectively. The population estimates at the intake for 1994 and 1995 were
3,780 and 3,467, respectively.
Settlement/post settlement processes affecting recruitment to the bottom were investigated for three
consecutive years (1995-1997) at three locations (Discharge, White Horse Beach and Rocky Point). A
SCUBA census of juvenile cunner recruit densities was undertaken at the three locations with similar
habitats. Cunner recruitment was examined, with the goal of projecting PMPS effects on the local
population. It was postulated that recruitment at similar habitats would be higher with increasing
distance from the power station. Annual cunner recruit abundance during the settlement period in the
study area was highest in 1997 and lowest in 1996. Severe sea conditions experienced during the last
half of September 1996, led to a drastic decline in recruit numbers at all locations. Settlement was by
far the highest at the Discharge each year, with the Rocky Point and White Horse sites having lower
but more similar settlement levels. The similarity between cunner recruit abundance in 1995 and 1997
at both Rocky Point and White Horse Beach suggests a carrying capacity was in evidence, with
recruitment success likely mediated by resource limitations, such as competition for habitat or food.
Settlement was highest at the Discharge location, possibly due to an alteration in hydrodynamics, such
as an eddy produced by the thermal discharge current or other physical facto r-s, which may contribute,
to increased larval concentrations and subsequent settlement at the Discharge location. Other physical
factors include the presence of desirable habitat in the form of the discharge breakwater, which attracts
adult cunner to the area. The attraction of adult cunner to the discharge area coupled with the small
home range of cunner and aggregating behavior of cunner larvae, helps to account for the high
settlement of larvae at the Discharge location. It is possible that during a season of reduced larval
settlement, power plant activities may reduce an already low settlement season, such as 1996.
However, during seasons of normaVoptimal larval supply, the data suggest tIat PNPS would have a
minor effect on recruitment success to the local cunner population. Over the three years of the recruit
study, the recruitment levels matched up well with the annual larval entrainment values at PNPS,
indicating that the PNPS had little impact on the recruitment success to the local cunner population.
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4.2.6

Representative Important Species Selection and Life Histories

U.S. EPA guidelines for 316(a) and 316(b) Demonstrations suggest that the impact assessment focus
on selected target species, in addition to assessing impacts to the six general biotic categories (EPA,
1977a, 1977b). These species, termed "representative important species" (RIS) under 316(a)
guidance and "critical aquatic organisms" (CAO) under 316(b) guidance are organisms considered to
be particularly sensitive to potential effects, representative of the affected ecosystem, and/or important
(critical) to the affected ecosystem. The RIS and CAO concepts are analogous in that they both
provide indicator species for evaluation.
RIS are defined as "species which are representative In terms of their biological requirements of a
balanced, indigenous community of shellfish, fish, and wildlife in the body of water into which the
discharge is made" (EPA, 1977a). Specifically, the RIS or CAO should include those species which
are:
*

commercially or recreationally important;

*

threatened or endangered;

*

critical to ecosystem structure and function;

*

potential nuisance species;

*

critical in the food chain; and/or

*

representative of thermal or intake effects of the ecosystem.

-

-

Species evaluated in the demonstration will hereon be referred to as RIS species comprising the
definitions of both CAO and RIS descriptions as discussed above.
In the 1975 316(a) Demonstration (Stone-and Webster, 1975) and 1977 Supplemental 316 (a)
Demonstration (Stone and Webster, 1977), thirteen species were chosen as RIS consistent with
available USEPA guidance. The original RIS list included the following species:
*

Irish moss (Chondrus crispus)

*

Rockweed (Ascophytlum nodosum)

*

American Lobster (Homarus amedcanus)

*

Amphipod (Acanthohaustorius mills:)

*

Blue mussel (Mytlus edulls)
Periwinkle (Litodna littorea)
Mar. 2000
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*

Alewife (Alosa pseudoharengus)

*

Cunner (Tautogolabrus adspersus)

*

Menhaden (Brevoortia tyrannus)

-* -Pollock

(Pollachius virens)

*

Rainbow smelt (Osmerus mordax)

*

Silverside (Menidia menidia)

*

Winter Flounder (Pseudopleuronectes arnedcanus)
4.2.6.1

Selection of RIS

For this supplemental 316 demonstration, ecological data analyzed over the past 26 years (19731999) of the plants operation has been considered in reevaluating the species chosen for designation
as RIS and to develop a focused list that is representative of current conditions.
*

Irish moss (Chondrus cnspus): Irish moss is a dominant part of the subtidal flora in the
vicinity of PNPS. It is an important commercial species that has been harvested along the
western shore of Cape Cod Bay since the 1800Ws (MADMF, 1992). Irish moss is a sessile
organism and thus subject to station-related impact via the thermal plume. Entrainment of
their reproductive spores, even though they are non-buoyant, is also possible. While plant
operation has been documented as having no direct effect on the harvestable moss in the
greater Plymouth area, there is a measurable effect on this species in the discharge canal
(Smith and Williams, 1999). The fact that Irish moss is an important commercial species, a
major habitat former and representative of benthic algae in the area, justifies its retention on
the current RIS list.

*

Rockweed (Ascophjylum nodosum): Rockweed, a brown alga, is a part of the intertidal flora
in the vicinity of PNPS. The rockweed generally occurs from midtide level down almost to
extreme low water level (Baardseth, 1970). Impacts to the Rockvweed as a result of PNPS
are primarily limited to the thermal plume, which would only impact rockweed during highest
ambient temperature conditions as its upper thermal tolerance threshold is 86°F (Northeast
Utilities Environmental Laboratory, 1991). No impacts are expected as a result of
entrainment or impingement as no life stages are subjected to the effects of Impingement
and only the zygote lifestage is subjected to entrainment. Since the rockweed zygotes are
demersal and adhesive none were detected in entrainment samples collected by MRI
(Stone and Webster, 1977). In 1991, over two-thirds of the species collected in March and
three-quarters of the species collected in October belong to the division Rhodophyta (red
algae) dominated by Chondrus and Phyllophora; while the remaining biomass consists of
both the division Chlorophyta (green algae) and Phaeophyta (brown algae). Chondrus has
Mar. 2000
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been recorded in greater abundance and is commercially of greater importance while
serving the same ecological niche - habitat former. For these reasons, rockweed has been
omitted from current RIS list.
*

American Lobster (Homarus americanus):The American Lobster is a representative of the
mobile megabenthic macroinvertebrate community of the sublittoral zone. In the vicinity of
PNPS, the commercial lobster fishery is the most economically important fishery in
Massachusetts territorial waters. In 1997 the'commercial lobster fishery In Plymouth ranked
third in statewide total landings. (Pava et al,, 1997). Although the plant has had no
demonstrable impact on either larval or adult lobster (only 13 larvae have been entrained
since 1974), this species represents a valuable commercial fishery in the area and thus is
maintained on the current RIS list

*

Amphipod (Acanthohaustorusmillsi): The amphipod, Acanthohausodusmills! is a common
member of the sessile benthic infaunal community in the sandy sublittoral zone. Benthic
studies indicated no apparent Impacts from station operation on amphipod densities.
Temperatures as high as 940F (34.40C) (Bush et at, 1974) and 97WF (36.1IC) (Stone and
Webster, 1977) are the upper thermal tolerance thresholds of amphipods and A. mrilsi
respectively. Bottom temperatures are only expected to approach the upper thermal
tolerance limit of A. millsi during annual periods of highest ambient temperature (late
summer/early fall). A. mills! was one of two amphipods which comprised over 75% of the
samples collected in the sandy subtidal stations. (In section 42.4.3). Generally, there was
not a difference in species totals at the 30-foot (9.1 meter) depth discharge station and with
that of the 304foot (9.1 meter) reference station, unless the sampling events followed
changes in sediment conditions (Davis and McGrath, 1984). This indicates that the thermal
discharge has not had any adverse effect on the A. milisi populations. Life stages of A.
mills! are too small to be impinged and no life stages have been recorded during
entrainment monitoring. Since no station impacts on the amphipod (Acanthohaustorus
mills,) have been documented from the monitoring program or are expected to occur, this
species has been omitted from the current RIS list

*

Blue mussel (Mytilus edulis): The blue mussel is a predominant epi-benthic species in the
rocky intertidal and a seasonally dominant species in the rocky subtidal zones in the vicinity
of PNPS. The blue mussel is a representative primary consumer of the bivalve filter
feeders. No significant impact is expected on the mussel population as a result of the
thermal plume, impingement or entrainment The upper thermal tolerance limit (LC50) of the
blue mussel is 80.6 - 8420 F (27-290 C), which would result in exclusion only within the
immediate vicinity of the thermal discharge during highest ambient bottom temperatures.
Impingement is not expected to result in any adverse effects on the blue mussels as they
actively colonize the screens (Stone and Webster, 1977). Bivalve larvae are entrained at
PNPS, but at the time of the previous 316 Demonstration the bivalve larvae could not be
identified to species. While entrainment is expected, overall, benthic fauna monitoring of
the rocky subtidal zone (Section 4.1.4.2) indicate that Mytlus consistentiy were one of the
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dominant species at all monitoring stations - including the discharge monitoring station,
particularly during the spring. For example, during the 1991 spring sampling event, blue
mussel comprised 74% of all organisms in the discharge station samples. Also, blue
mussels at the discharge station were consistently similar to or higher in density (Table 4.22) compared to background stations (Figure 4.2-14, Tables 4.2-2 and 4.2-3). These results
indicate no adverse effects of station operation have been observed or are expected on the
blue mussel population. Thus the blue mussel was omitted from the current RIS list.
*

Common Periwinkle (Littorina filtorea): The common periwinkle is a prevalent gastropod in
the stressful environment of the rocky intertidal and a dominant member of the benthic
community in the vicinity of the PNPS. No impacts are expected as a result of the thermal
plume as the common periwinkle is able to withstand a wide range of temperatures. Lethal
temperatures have been recorded between 40-460C (1041 14.8 0 F) from low tidal to high
tidal specimens respectively (Gowanloch, 1927; Sandison, 1967) and are not expected to
be exceeded. Impingement is not expected to result in any adverse effects on the common
periwinkle as no life stages are subject to impingement (Stone and Webster, 1977). Benthic
faunal monitoring of the rocky intertidal zone indicated that Littorina Iittorea densities at
discharge station were similar to or higher than those at one or more of the background
stations during four of the six sampling events in 1974 - 1975. Based on this data, it is
concluded that Littorna littorea have little potential to be impacted from station operations
and was omitted from the current RIS list

*

Alewife (Alosa pseudoharengus): The alewife is an anadromous species common in the
area of PNPS. The alewife is an important forage and commercial fish in New England
(Mullen et a!., 1986). It is one of the most commonly impinged species at Pilgrim Station.
Incidents of high impingement of this species include August 1976 (1,900) and September
1995 (13,100). In 1998, this species ranked eighth of all fishes in the impingement
collections (Anderson, 1999). Due to the commercial importance of the alewife and the
infrequent impingement incidents, the alewife was retained on the current RIS list

*

Cunner (Tautogolabrus adspersus): Cunner are typically associated with the rocky subtidal
environment found in the vicinity of PNPS. The PNPS area serves as cunner spawning and
nursery grounds. 'Cunner have a relatively high incidence of entrainment and impingement
at the PNPS. Cunner eggs and larvae are commonly found in the entrainment samples
while adult cunner occur in the impingement collections. Because they are representative
of fish that live Inrock-oriented habitat and have relatively high entrainment, the cunner was
retained on the current RIS list

*

Atlantic menhaden (Brevootia tyrannus): Atlantic menhaden is a migratory fish species
found in coastal and estuarine waters from Nova Scotia to Florida. Menhaden are a
schooling fish species and serve as an important forage fish to larger predators (Rogers
and Avyle, 1989). Atlantic menhaden have an upper thermal tolerance threshold of 900F
(32.2 0C) (Fairbanks et al., 1971), thus the Atlantic menhaden nmay need to avoid the
March 2000
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immediate vicinity of the thermal discharge, but only during warmest ambient conditions. In
Section 6.8 of the supplemental 316 Demonstration Report (Stone and Webster, 1977), the
mortality on the Atlantic menhaden population resulting from operations at PNPS, including
entrainment, impingement, and gas bubble disease were predicted using a population
simulation model and data collected between 1974 and 1976. Results from this model are
detailed in the original report but indicate that a worst-case reduction in the North Atlantic
catch was .001% between impacted and non-impacted populations per year.
Several conservative estimates were used to construct the Stone and Webster simulation
model. Mortality estimates for entrainment included all early life stages of clupeids between
1974 and 1975, as taxa were not identified to the species level. It was assumed that
entrainment resulted in 100% mortality on the menhaden early life stages. The loss of
43,000 Atlantic menhaden to gas bubble disease in 1973 was assumed for every year in the
model, although only one case of 5,000 menhaden (in 1975) have been lost as a result of
gas bubble disease since 1973. A worst case scenario was assumed for reduction
estimates to the North Atlantic menhaden catch by estimating entrainment and impingement
with Unit 1 and Unit 2 both operating at 100% full power, although Unit 2 has never gone
on-line.
Ongoing monitoring studies confirmed no adverse impacts as a result of PNPS operations
to the menhaden population. Between 1995 and 1998, the average number of projected
larvae entrained at PNPS has been slightly reduced while the average number of projected
entrained eggs has slightly increased (Marine Research Inc., 1996 - 1999) when these
numbers were compared to the average number of larvae and eggs projected to be
entrained in the simulation model presented in the Supplemental 316 Demonstration Report
(Stone and Webster, 1977). A significant decline in menhaden eggs and larvae would be
expected over the 20+-year sampling record if a decline in the parent population was a
result of PNPS operations. Previous studies in conjunction with current monitoring
demonstrate that no impacts on the North Atlantic menhaden population is expected from
PNPS operations, thus the Atlantic menhaden was omitted from the current RIS list
*

Pollock (Poffachius virens): The pollock is a carnivorous fish member of the cod family. The
pollock inhabits cold continental waters of the Atlantic and feeds on smaller fish and pelagic
crustaceans. The upper thermal tolerance threshold for pollock is 82.8PF (28.20C) (de
Sylva, 1969) is not expected to be reached except during periods of highest ambient water
temperature (late summer - early fall). No pollock mortality is expected as a result of the
thermal discharge as pollock will avoid the higher temperatures from this area as observed
by Lawton et a!. (1981) in 1980 scuba observations. Based on the previous 316
Demonstration (Stone and Webster, 1977), no significant impacts on pollock populations
were expected from the entrainment of pollock eggs and larvae as the total number of adult
equivalents estimated to have been entrained at the PNPS from 1974 - 1976 was less than
1,000. Early life stages of the pollock have only been observed once in the entrainment
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monitoring since 1995, when pollock eggs were observed in 1997 (Marine Research Inc.,
1999). Thus, estimated adults equivalent mortality as a result of entrainment has been
drastically reduced. Pollock have only been observed once in the impingement monitoring
since 1995, when 43 projected pollock were impinged for the 1995 monitoring year
(Anderson, 1996). Thus, mortality as a result of impingement at PNPS is not significant in
relation to pollock populations. Overall, previous studies in conjunction with current
monitoring at PNPS indicate no impacts from the PNPS thermal plume and negligible
impacts from entrainment and impingement on pollock populations. Therefore pollock
(Pollachius virens) was omitted from the current RIS list.
Rainbow smelt (Osmerus mordax): The rainbow smelt is an anadromous species rarely
found more than 1 mile (1.6 km) from the coast. The rainbow smelt is the one of the most
commonly impinged fish at the PNPS. Increased monitoring of the rainbow smelt began as
a result of three incidents of high impingement since the onset of the PNPS operations. In
the late 1980's and early 1990s a decline of rainbow smelt were observed in the spawning
runs of the Jones River. The depressed spawning numbers made the rainbow smelt a
species of special concern to MADMF. Rainbow smelt are retained on the current RIS list
*

Atlantic Silverside (Menidia menidia): The Atlantic silverside is an important forage fish in
the PNPS area. The Atlantic silversides inhabit shallow waters, generally in large schools.
Atlantic silversides are the most commonly impinged fish at PNPS and record the highest
catch rate in DMF haul seines. The Atlantic silverside is retained on current RIS list

*

Winter Flounder (Pseudopleuronectes amedcanus): The winter flounder is a benthic fiatfish
important to both the commercial and recreational fisheries in Cape Cod Bay. This species
dominated the trawl collections made from 1970-1982 in the vicinity of PNPS. The local
population of winter flounder is of special concern to MADMF as their larvae are commonly
entrained at the Pilgrim Station. The winter flounder is retained on the current RIS list to
monitor any potential effects on future flounder populations as a result of PNPS operations.

Species retained as RIS for the present application include:
*

Irish moss (Chondrus cispus)

*

American Lobster (Homarus americanus)

-*

Alewife (Alosa pseudoharengus)

*

Cunner (Tautogolabrus adspersus)

*

Rainbow smelt (Osmerus mordax)

*

Silverside (Menidia menidia)

*

Winter Flounder (Pseudopleuronectes americanus)
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The above RIS represent the characteristics of the aquatic ecosystem capable of being impacted by
PNPS. By focusing this assessment on those species potentially impacted by PNPS, the results are a
conservative overstatement of effects on the aquatic ecosystem.
4.2.62

RIS Ufe Histories

Irish moss (Chondnius cisus)
Chondrus crispus (Figure 4C245) is a benthic marine red alga that is found from New Jersey to
Labrador, with highest abundances towards the center of this range. It inhabits rocky substrates from
below low water to a depth of 38 m (125 feet), with maximum densities in the PNPS area occuring
between low water and a depth of 6 m (19.7 feet). The lower limits of distribution are controlled by light,
water transparency, availability of substrate, and competition for space. It is euryhaline, occurring in
salinities between 8 and 40 ppt.
The thallus, or body of the plant, is produced from a perennial holdfast and is usually attached to a
rock or ledge outcropping, although shells and small stones are also suitable substrates. The thallus
typically reaches 8 to 15 cm (3.1 to 5.9 in) in height and has a bushy growth form, consisting of
dichotomously branched, flattened blades. A number of morphologically different forms of Chondrus
have been identified (Taylor, 1962; Ryther et al., 1976). Morphological differences are generally
attributed to certain environmental factors, including light, wave action, depth, salinity, or predation
(Prince, 1971).
Irish moss reproduces throughout the year with peak reproduction occurring during late spring and
summer (Prince, 1971). It reproduces both sexually and asexually carpospores are produced in early
spring and tetraspores in late summer and early fall. Tetraspores and carpospores are part of the
triphasic life history of most red algae (Sze, 1993). The carpospores develop on the female plant
(gametophyte) and produce a similar asexual plant form known as the tetrasporophyte. The
tetrasporophyte produces tetraspores that develop into a male or female gametophyte. This triphasic
life history may have arisen to compensate for the infrequency of fertilization. Spores are non-buoyant
and settling occurs from August through November.
The availability of a solid substrate is a major factor determining presence, absence and abundance of
Chondrus. Biological competition for space is also a significant factor in the local distribution and
abundance of Chondrus. In the intertidal zone, Chondrus is an inferior competitor for space to the blue
mussel and barnacles (Berrill and Berrill, 1981).
Chondrus is a eurythermal species, that can tolerate a wide range of temperature (Mathieson and
Prince, 1973). Maximum growth occurrs at 700 F (21 .1'C) for all developmental stages (Prince, 1971).
Adult organisms exhibit thermal injury between 86 - 950 F (30-35 0 C) (Mathieson and Bums, 1971).
Upper thermal tolerance limits have been established for both tetraspores and carpospores (Prince,
ivuw
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1971). When acclimated to 20°F (-6.70C), carpospores survived a 6-minute exposure to 95*F (350 C).
Tetraspores were found to be less tolerant to heat, with a maximum tolerance of 80°F (26.70 C). At this
temperature, however, both carpospores and tetraspores were killed in 4 to 10 days.
Chondrus is an important commercial species that has been harvested along the shores of Cape Cod
Bay since the 1800's. The harvesting season extends from early June through August with peak
harvest usually occurring in July. The PNPS thermal dischargeis located in the middle of a Chondrus
cnspus commercial bed (MADMF, 1992), although since the 1990's, harvesting of Chondrus has been
virtually nonexistent in the Plymouth area (Lawton et al., 1992). The seaweed is harvested as a
source of carrageenen, a hydrocolloid unique for its jellying, suspension and viscosity properties.
Carrageenan is widely used as a suspending and thickening agent in the brewing, baking,
pharmaceutical, and dairy industries.
Details of this assessment are provided in Section 5.3.1 of this report.
American Lobster (Homarus amedcanus)

The American lobster (Figure 4.2-46) is a benthic marine crustacean found in a wide range of habitats
along the continental shelf and upper slope of the northwestern Atlantic from Labrador to Cape
Hatteras. The principal depth range is from the sublittoral fringe to 50 m (164 feet), but lobster may be
fished out to depths of 700 m (2,297 feet). The highest numbers of this species occur near the center
of this range, from Newfoundland to off the coast of Maine, where ambient bottom water temperatures
normally range from 28 to 75°F (-2.2 - 23.90C) (McLeese and Wilder, 1958). Lobsters can live for
more than 30 years, and have a complex life history that has been studied for over 100 years (Herrick,
1895; Factor, 1995).
Between June and September, a mature female may lay between 5,200 and 50,000 eggs, depending
on the age and size of the female. Eggs are carried on the abdomen of the female for 9-12 months,
the length of time being dependent on water temperature. Hatching takes place from mid-June
through September for most lobster populations (Perkins, 1972). Sherman and Lewis (1967) reported
that the normal hatching process of lobsters occurs from June to August as water temperature's range
from 54 to 59°F (12.2 - 150C).
The early larval stages I - IlIl are planktonic lasting from 6 to 8 weeks. Stage IV postlarvae, also
planktonic, metamorphis into adult form and begin to exhibit behaviors that will result in the lobster
settling to the bottom. The recently settled "shelter-restricted juvenile" remains confined to its burrow,
feeding on planktonic organisms, or on food found within the confines of the shelter. The "emergent
juvenile" makes limited trips from the burrow, while the later vagile juvenile continues to use the
shelter but makes longer, more wide-ranging excursions in search of food.

4-3
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Adolescent lobsters are those which have achieved physiological but not functional sexual maturity.
Both adolescent and adult lobsters are mostly nocturnal and exhibit three movement patterns: homing,
periodic, often daily, excursions from the shelter followed by a return to the same or a nearby shelter;
nomadism (or transient behavior), the wandering of individuals over a large area without a defined start
or end point; and migration, the movement of individuals or populations over considerable distances
followed by a return to the original area (Hemnkind, 1980; Lawton and Lavalli, 1995).
Prior to settlement, postlarval lobsters feed on a wide range of planktonic organisms, including small
crustaceans, fish eggs, polychaetes and mollusc larvae. Juvenile benthic lobster may continue to
consume plankton, supplemented by benthic polychaetes and amphipods found in their burrow. When
this diet no longer satisfies the nutritional requirements related to the molt cycle, lobsters will begin
leaving the shelter to forage for items high in the calcium needed for remineralization of the
exoskeleton.
Lobsters tolerate seawater temperatures ranging from -1 to 30.5PC (30.2 - 86.90 F) (Huntsman, 1924;
McLeese, 1956; Harding, 1992). Temperature changes provoke seasonal migrations to offshore
waters in the fall and inshore waters in the spring (McLeese and Wilder, 1958) to attain temperatures
for proper synchrony of molting and reproductive cycles (Harding, 1992). The upper thermal tolerance
temperature for the American lobster (LDso in 48 hours) is 85.1 - 86.90F (29.5 - 30.5°C) at salinity
values of 30ppt and dissolved oxygen levels between 4.3 - 6.5 mg/L (McLeese, 1956). The salinity
measurements are consistent with ambient conditions and lowest typical dissolved oxygen levels
recorded for Cape Cod Bay are 5.5 mg/L (Section 4.1.4).

),

In 1997, the commercial lobster fishery in Plymouth ranked third in statewide total landings.
Commercial lobster landings for Plymouth, Massachusetts and statewide Massachusetts collected
within territorial waters (excluding seasonal license holders) in 1997 totaled 844,998 and 8,426,308
pounds (383 and 3,822 metric tons), respectively (Pava et aL., 1997).
Details of this assessment are provided in Section 5.3.2 of this report
Alewife (Alosa oseudoharenaus)
Alewives (Figure 4.2-47) are important forage and commercial fishes found near PNPS. Alewives
serve as forage fish both in the ocean and during their migration and spawning activities in fresh water.
They are fed upon by striped bass, salmonids, smallmouth bass, eels, perch, bluefish, and weakfish.
Ecologically, they are an important energy link between zooplankton and piscivorous fish (Mullen et a!.,
1986). In the past, the alewife was one of the most commercially valuable fish in Massachusetts
(Belding, 1921). In New England, they have a long history of commercial exploitation and are
important sources of fish meal, fish oil and fish protein. Alewives are also important as bait in the New
England lobster fishery (Mullen eta1., 1986). Alewives are plankfivorous, feeding on diatoms and other
algae as well as tiny crustaceans.
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Alewives are anadromous, spawning in rivers and streams in the area. Temperature is the most
important factor in regulating the spawning season; from the appearance of the adult alewives off the
coast to the development of the young (Belding, 1921). Spawning ceases vwhen water temperatures
exceed 270C (80.6 0F) (Edsall, 1970). In Massachusetts, spawning generally occurs from the middle of
April to the beginning of June (Belding, 1921), when water temperatures are between 160C (60.80F)
and 19CC (66.20 F) (Kocik, 1998).
The fecundity of alewives has been estimated at 48,000 to 360,000 eggs per female with an average
of 229,000. Fecundity appeared to increase with the age of female spawning. The sex ratio during
spawning was approximately 1:1 when averaged over the entire period; however, the start of the
spawning run is characterized by the dominance of males (Kissel, 1974).
Fertlied eggs adhere to the stream bottoms until they harden and become pelagic. The incubation of
fertilized eggs ranges from 48 to 96 hours at 72°F (22.20C). Young-of-the-year alewives reach a size
of 2 to 4 inches (5.1 to 10.2 cm) by the fall, when they move from the breeding grounds to the open
ocean (Belding, 1921). In most Atlantic coastal populations, young-of-the-year alewives emigrate from
the spawning grounds between June and November (Mullen et al., 1986). Adults can live to be 8
years old, and return to the rivers and streams in which they were bom to spawn beginning in their
fourth and fifth years. In a Connecticut study, approximately 75% of the females and 68% of the males
first spawned at age 4 (Marcy, 1969).
Mortality through the life cycle has been studied for alewife populations. Kissel (1974) calculated that
257,000 juveniles emigrated seaward from the spawning of 20.5 billion eggs. This is equivalent to one
young alewife migrated seaward for every 80,000 eggs spawned in fresh water. Edsall (1970)
observed that the percent of eggs that hatched was related to temperature, with maximum hatching
success at about 60*F.(15.60C). An upper lethal temperature of 29.7°C (85.5"F) was reported for
alewife eggs from the Hudson River, NY (Kellogg, 1982).
Details of this assessment are provided in Section 5.3.6 of this report.
Cunner (Tautoaolabrusadsoersus)
The cunner (Figure 4.2-48) is a marine species found along the western North Atlantic coast from
Labrador to the Chesapeake Bay, favoring rocky areas that are covered with algae, as well as pilings
and shipwrecks that can serve as refuge areas. Cunner are typically associated with the rocky subtidal
environment found in the vicinity of PNPS. They forage on a variety of benthic invertebrates,
predominantly blue mussels, bamacles, soft shell clams, amphipods, shrimp and small lobster. Since
cunner are not known to migrate long distances, they may be key indicators of local stresses.
Cunner are found primarily between 3 and 10 meters deep (9.8 - 32.8 feet), but have been caught as
deep as 150 meters (492 feet) onGeorges Bank. They do not school, but do tend to congregate near
J VNbsVrrw97%Prqe*SX0970021=M doe
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suitable habitats. Cunner are year-round residents in their range, moving into deeper water only
during heavy freezes (Green and Farwell, 1971). When water temperatures fall-to 7 to 80 C (44.646.4AF), cunner become inactive, and as temperatures decline further, they become dormant
(Haugaard et al., 1943).
Spawning occurs from late spring to summer in water temperatures between 55 and 72F (12.822.2°C). In Cape Cod Bay, cunner spawning occurs primarily from late-March through mid-July
(Marine Research Inc., 1992). Cunner commonly spawn in pairs or groups, depending on the
conditions (VWicklund, 1970; Pottle and Green, 1979; Pottle et at., 1981). The male cunner is territorial
during the spawning season, with possession of a territory necessary for successful mating (Auster,
1989). Eggs are buoyant, transparent, and non-adhesive. Cunner eggs cannot be identified
specifically and thus are grouped with other labrids in ichthyoplankton studies and entrainment
collections: Incubation requires 40 hours at 70 - 72°F (21.1 - 22.20C) and 3 days at temperatures of 55
- 65°F (12.8 - 18.3 0C). Year-class I fish are usually 2.5 to 3 inches (6A - 7.6 cm) and year-class 2
fish are 3 to 4 inches (7.6 - 10.2 cm) (Bigelow and Schroeder, 1953). Females are usually slightly
longer than males. Sexual maturity generally occurs during the second year. Cunner reach a
maximum age of six years (Serchuk and Cole, 1974).
Details of this assessment are provided in Section 5.3.5 of this report.
Rainbow smelt (Osmerus mordax)
The rainbow smelt (Figure 4.2-49) Is an anadromous fish species and rarely found more than 1 mile
from shore or deeper than 6 meters. In addition to marine populations found from Labrador to Virginia,
there are landlocked populations in New England lakes, the Maritime Provinces, and the Great Lakes.
The center of abundance for marine populations is the southern Maritime Provinces of Canada and
Maine, and the southem limit of large populations is Massachusetts (Clayton et al., 1978). The rainbow
smelt is a schooling fish and serves a vital role in the ecological food web as a forage fish preyed upon
by both marine and freshwater predators (Buckley, 1989).
Although adult smelt are found in deeper waters outside estuaries during the summer, the species
gather in harbors and brackish estuaries in the fall. Spawning of demersal, adhesive eggs begins
when water temperatures increase to around 40T (4.40C) usually in March. Peak egg production
occurs at water temperatures of 50 - 57°F (10 - 13.90C), and spawning is completed by May. Smelt
eggs have a low tolerance threshold for increased levels of salinity and experience mortality at
salinities greater than 14 ppt (Buckley, 1989). Fecundity has been estimated at 40,000 to 50,000
eggs per 2-oz female (Bigelow and Schroeder, 1953). Sexual maturity occurs during the second
winter (McKenzie, 1964).
Smelt are cold-water fish, preferring water temperatures cooler than 59*F (150 C), at least in the fresh
water habitat of Lake Michigan (Van Oosten, 1953). de Sylva (.1969) found that smelt acclimated from
J.'%PUbSVMV97Ffojects=7002IMMS4.doe
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50 to 59°F (10 - 150C) had an upper thermal tolerance threshold of 71 to 84'F (21.7 - 28.90C),
respectively.
Smelt are host to several parasites, including a fungus Saprlegnia, a rnicrosporidian protozoan
Glugea hertwgi, and a virus that causes piscine erythrocytic necrosis (PEN). The first two of these
parasites can cause debilitation and death, as well as reduced fecundity in females; the impact of PEN
is not understood.
Details of this assessment are provided in Section 5.3.4 of this report.
Silverside (Menidia menidia)
The silverside (Figure 4.2-50) is found along the entire east coast of the United States, but is divided
into two subspecies: the northern subspecies, M. menidia notota and the southern subspecies M.
menidia menidia. They are found in shallow water in areas of sand or gravel. Their diet consists of
small crustaceans, including copepods, mysids, shrimp, amphipods, and cladocerans. Silversides are
an important diet item for several other fish species, including bluefish, striped bass, cunner, and
Atlantic cod (Bayliff, 1950).
Spawning occurs from late spring into early summer, in shallow water where eggs and milt are
deposited in strands that cling to vegetation. The silverside probably completes its life cycle in slightly
more than one year. Adults reach a length of about 120 mm (4.7 inches) and a weight of
approximately 9 grams (Austin etal., 1973).
Details of this assessment are provided in Section 5.3.7 of this report.

Winter Flounder (Pseudopleuronectes amedcanus)
The winter flounder (Figure 4.2-51) is a right-sided flatfish species commonly found along the Atlantic
coast from Labrador to Georgia. The winter flounder commonly inhabits estuarine and coastal waters,
although offshore populations exist on Georges Bank and Nantucket Shoal (Bigelow and Schroeder,
1953). The winter flounder Isa benthic, demersal species that inhabits depths of I to 40 meters (3.3 to
131 feet) and prefers soft, muddy substrates covered by Zostera madna or similar vegetation.
Winter flounder are cryptic species changing in color based primarily on the color of the surrounding
substrate (Buckley, 1989). Adults vary in color from brown to green and black on the back and pale
white to yellowish on the blind side. Juveniles tend to be paler in color, while larvae are almost
translucent Winter flounder average between 12 and 15 inches (30.5 and 38.1 cm) in length;
however, some adults are known to reach 2 feet (0.6 meters).
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In New England, spawning occurs at night between January and May over sandy substrates at depths
of 2 to 80 meters (6.6 to 262 feet) (Bigelow and Schoeder, 1953). During spawning, water
temperatures in nearshore waters generally range between 0 and 30C (32 - 37.4f0f and salinities
between 31 and 32.5 ppt. Winter flounder maturity is driven primarily by size and not age where
southern species grow faster and reach maturity earlier than their northern cohorts. Fecundity is also a
function of size ranging between 0.5 to 1.5 million eggs per female (Bigelow and Schoeder, 1953). In
a study performed by Topp (1967), in the Weweantic Estuary in Massachusetts winter flounder eggs
ranged between 435,000 by a fish of 350 mm (13.8 inches) total length (TL) to 3.3 million from a fish
450mm (17.7 inches) TL.
Eggs are demersal and adhesive, and are usually found in clumps on the bottom. Incubation requires
15 to 18 days at water temperatures of around 38F (3.30 C). Winter flounder larvae are visual day light
feeders that do not feed at night (Laurence, 1977). Metamorphosis is complete when larvae reach 8 to
9 mm (0.3 - 0.35 inches) TL (Laurence, 1975) and takes between 49 to 80 days at 80C (46.41F) and
SOC (41'F), respectively. Marine Research Inc. (1986) categorizes winter flounder larvae into four
developmental stages and provides an estimate for duration (days) of each stage (Scherer, per comm.,
2000) as follows:
Stage I From hatching until the yolk sac is completely absorbed. 2.3 - 2.8 mm (0.09 - 0.11 inches)
TL. -10 days
Stage II From the end of Stage I to until a loop or coil forms in the gut. 2.6 - 4.0 mm (0.10 - 0.16
inches) TL. -10 days.
Stage IlIl From the end of Stage II until the left eye migrates past the mid-line of the head during
transformation. 3.5 - 8.0mm (0.14 - 0.31 inches) TL. -25 days
Stage IV From the end of Stage IlIl onward. 7.3 - 8.2mm (0.29 - 0.32 inches) TL. -10 days.
After metamorphosis, the now benthic juvenile remains in shallow waters for their first two years
preferring sand or sandy silt substrates (Buckley, 1989). Adult winter flounder make seasonal
adjustments in habitat location in response to the change in water temperature moving to deeper
waters in the summer and to the shallower waters in the winter. However, in the cooler waters north of
Cape Cod the dispersion is more local than their southern counterparts (Howe and Coates, 1975).
Winter flounder are commonly found in water temperatures ranging between 32 and 770 F (0 - 256C)
(Buckley, 1989). Huntsman and Sparks (1924) recorded a maximum temperature tolerance of 860F
(30 0C) and Hoff and Westman (1966) measured the upper median tolerance for a 10.5 cm (3.9 inches)
individual at 84.40F (29.1'C). However, a critical thermal maximum of 89.60F (320C) was reported by
Everich and Gonzalez (1977) for fish acclimated at 73.40F (230C). Juvenile winter flounder tend to
have a higher tolerance than adults for elevated temperatures (Buckley, 1989). Hunstman and Sparks
JV~nVMV977PtjCt~9=7OO212O~f4AdOC
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(1924) recorded the upper thermal tolerance for larvae at 83.6 to 86°F (28.7 - 300C). Lower thermal
tolerance limits were found to be 33.8, 34.6 and 42.80F (1, 1.4, and 60C) when acclimated at 44.6,
69.8, and 82.4°F (7,21 and 280C), respectively. However, Bigelow and Schroeder (1953) reported P.
amencanus in water temperatures of 28°F (-2.2 0C).
The local population of winter flounder is of special concern to MADMF due to their commercial value
and apparent general declining abundance (Lawton et al., 1999). Winter flounder spawn in the
PHKDB estuary and their larvae are commonly entrained at the Pilgrim Station. In addition, this
species dominated the trawl collections performed by the MADMF in the vicinity of PNPS. As a result,
the winter flounder is included in the RIS series to explore potential PNPS impacts on the local
flounder population using the most current monitoring data collected in the vicinity of PNPS.
Details of this assessment are provided in Section 5.3.3 of this report.
4.2.7

Essential Fish Habitat Species and Life Histories

The 1996 amendments to the Magnuson-Stevens Fishery Conservation and Management Act
identified the importance of habitat protection to healthy fisheries. The amendments known as the
Sustainable Fisheries Act strengthened the governing agencies authority to protect and conserve the
habitat of marine, estuarine, and anadromous animals (NEFMC, 1999). The term "Essential Fish
Habitaf (EFH) means those waters and substrate necessary for spawning, breeding, feeding or
growth to maturity" (Magnuson-Stevens Act, 16 U.S.C. 1801 et seq). Identifying EFH is an essential
component in the development of Fish Management Plans (FMP) to evaluate the effects of habitat loss
or degradation on fishery stocks and take actions to mitigate such damage. This responsibility was
expanded to ensure additional habitat protection (NMFS, 1999).
The purpose of this section is to describe the life histories of Essential Fish Habitat Species that may
occur in the vicinity of PNPS. The National Marine Fisheries Service (NMFS, 2000) Guide to Essential
Fish Habitat Designations in the Northeastern United States was utilized to obtain a list of EFH species
with a designated essential habitat in the waters within Cape Cod Bay affecting the following: east of
Plymouth, MA., and Kingston, MA., from Plymouth Harbor south to Lookout Point in Plymouth, MA.,
along with the southern tip of Saquish Neck in Duxbury. Also affected by these waters are Browns
Bank, Duxbury Pier, Plymouth Beach, Warren Cove, Rocky Pt., White Horse Beach and Rocks,
Manomet Pt., Mary Ann Rocks, Stone Horse Rocks, Stone Hill, Stellwagen Rocks, Center Hill Pt, and
Ellisville Harbor (NMFS, 2000). The species identified as having an essential fish habitat for one or
more of its life stages in the defined area, are listed below and detailed in Table 4.2-10:

P)

*

Atlantic cod (Gadus morhua)

*

haddock (Melanogrammus aeglefinus)

*

pollock (Pollachius virens)
_
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*

silver hake (Whiting; Merluccius bilineans)

*

red hake (Urophycis chuss)

*

white hake (Uropnycis tenuis)

*

winter flounder (Pleuronectes americanus)

*

yellowtail flounder (Pleuronectes ferruginea)

*

windowpane flounder (Scopthalmus aquosus)

*

American plaice (Hippoglossoidesplatessoides)

*

ocean pout (Macrozoarces amenicanus)

*

Atlantic halibut (Hippoglossus hippoglossus)

*

Atlantic sea scallop (Placopecten magellanicus)

*

Atlantic herring (Clupea harengus)

-

monkfish (Lophius americanus)

*

bluefish (Pomatomus saltatrix)

*

long finned squid (Loligo pealei)

*

short finned squid (/llex illecebrosus)

*

Atlantic butterfish (Peprilus tiacanthus)

*

Atlantic mackerel (Scomberscombrus)

*

summer flounder (Paralicthys dentatus)

*

scup (Stenotomus chrysops)

*

surf clam (Spisula solidissima)

*

spiny dogfish (Squalusacanthias)

*

bluefin tuna (Thunnus thynnus)

A brief description of each species life history is provided below, and an evaluation of potential
station impacts as a result of impingement and entrainment is provided in Section 5.4.
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4.2.7.1

Atlantic cod (Gadus morhua)

The Atlantic Cod is an important commercial fish species. The cod is demersal fish that inhabits cold
bottom waters, from near-shore waters to the edge of the continental shelf (Scott and Scott, 1988).
Atlantic cod are located on both sides of the North Atlantic; in the western North Atlantic, cod range
from Greenland to North Carolina. Adult cod are found in depths to 450 m (250 fathoms), although
juveniles inhabit inshore waters, which they may utilize for nursery -grounds (McDonald et al., 1984;
Suthers and Frank, 1988). Small-scale seasonal migrations take place with cod inhabiting inshore
waters in the winter and shifting to offshore waters in the summer. Cod may attain lengths up to 130
cm (51 in) and weights of 25 - 35 kg (55-77 lbs.) The life span of the cod can exceed twenty years,
but as a result of fishing efforts, young fish (age 2-4) account for the majority of the catch (Mayo and
O'Brien, 1998). For juveniles, crustaceans make up the majority of the diet including small lobsters,
shrimp and a variety of crab'species. Adult cod also feed on crustaceans but fish such as capelin,
herring and sand lance become the primary diet in fish greater than 50 cm (20 in) in length (Scott and
Scott, 1998; Wise, 1961).
Adult cod reach sexual maturity between ages two and four (Mayo and O'Brien, 1998). Spawning
takes place throughout the Gulf of Maine, Georges Bank, southern New England and the middle
Atlantic south to Delaware Bay (NEFMC, 1998). Adult fish spawn over sandy, gravel, pebble, or rocky
substrates, beginning in fall and spawning extends into early spring. A female of 51 cm (20 in) spawns
approximately 200,000 eggs (Scott and Scott, 1988). Eggs are spawned in water temperatures below
10C (50 0F) and in water depths between 10 - 150 meters (NEFMC, 1998). Cod eggs are pelagic,
floating from surface to near bottom. Cod eggs are approximately 1.2 - 1.6 mm in diameter<Scott and
Scott, 1998) and hatch in approximately 14 days at 60C (42.8 0F) (Scott and Scott, 1998; Wise, 1961).
Cod larvae and post-arvae are also pelagic (Wise, 1961) and positively phototrophic (Dannevig, 1932)
until they reach between 25 - 50 mm long at which time they descend to the bottom (Fahey, 1983).
The larvae feed primarily on phytoplankton, zooplankton and invertebrate eggs (Marak, 1959).
4.2.7.2

Haddock (Melanogrammusaeglerinus)

The haddock is another commercially important gadoid species. The haddock is a demersal fish
species that inhabits the bottom waters of the continental shelf on both coasts of the North Atlantic. In
the Northwestern Atlantic, haddock are distributed from Greenland to Cape Hatteras. Haddock are
found between 45 and 135 m (25 - 75 fathoms), with juveniles occupying the shallower waters and
shoals and the adults found in deeper waters. Small-scale seasonal migrations take place with
haddock inhabiting inshore waters in the winter and shifting to offshore, cooler waters in the summer
(Brown, 1998). Haddock can obtain lengths up to four feet (The Cetacean Research Unit, not dated)
and weight up to 40 pounds, although overfishing has reduced the abundance of older age-classes
and weights have been generally reduced to 2 - 5 pounds (Batten, 1999). Haddock have similar diets
to the cod, juveniles predominantly prey on small crustaceans, while the larger haddocks diet consists
primarily of sand lance and herring.
Mardi. 2000
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Sexual maturity of the haddock has been changed dramatically over the years as stock abundance
has declined. Prior to the 1960's, 75% of age 3 fish were sexually mature and all of the age-4+ fish.
At that time, the average size of an age-4 fish was 48 to 50 cm (19 - 20 in). Presently, age 3 fish are
attaining lengths of 48 to 50 cm (19-20 in) and nearly all have reached sexual maturity in addition to
35% of age 2 females (Brown, 1998). Spawning takes place between January and June (Brown,
1998) and peaks in April (NEFMC, 1998). An average size female of 55 cm (22 in) spawns
approximately 850,000 eggs, with fecundity correlated with size (Brown, 1998). Spawning takes place
over hard bottoms of gravel or a combination of gravel and sand (NEFMC, 1998). Eggs are buoyant
and pelagic, and are concentrated in the surface waters (The Cetacean Research Unit, not dated;
NEFMC, 1998). Eggs hatch after approximately 2 weeks (The Cetacean Research Unit, not dated).
Larval haddock remain pelagic for several months (Brown, 1998) before setting to the bottom waters
the following autumn (The Cetacean Research Unit, not dated).
4.2.7.3

Pollock (PollachiusWirens)

The pollock is a bentho-pelagic fish found throughout the water column (McGlade, 1984). Although
commercially important, pollock were formerly taken as bycatch until the 1980s when direct efforts
were made to commercially fish the species (Mayo, 1998). The pollock occur on both sides of the
North Atlantic and are distributed along the shelfs to depths of 280m in the Guif of Maine (Mayo et. al.,
1989). In the Northwest Atlantic, pollock range from Nova Scoatia to North Carolina (Bigelow and
Schroeder, 1953). The larger adult pollock primarily inhabit deeper waters offshore (Bigelow and
0 C (32 - 500 F) (McGlade, 1984).
Schroeder, 1953) and prefer temperatures between 0 and 1Q
Juvenile pollock prefer the rocky intertidal (Rangeley, 1994) and remain in inshore areas until they
reach about age-2 (Clay et al., 1989). Adult pollock may attain lengths up to 110 cm (43 in) and
weights of 16 kg (35 lbs.) (Mayo, 1998) feeding primarily on small fish and pelagic crustaceans
(Bigelow and Schroeder, 1953). Juvenile pollock feed primarily on crustaceans including small lobsters
(Rangeley, 1994; Ojeda and Dearborn, 1991). The average life span of the pollock is twenty years
(Mayo, 1998).
In more than 50% of pollock, sexual maturity is reached by age 3 and complete by age 6 (Mayo,
1998). Spawning takes place between September and April and climaxes in December through
February (NEFMC, 1998). Eggs are spawned on hard substrates in water depths between 10 - 365
meters (NEFMC, 1998). A female produces on average 250,000 eggs (Bigelow and Schroeder, 1953).
Pollock eggs are pelagic and drift near the surface (McGlade, 1984). Pollock eggs are approximately
1.15 mm and hatch in approximately 9 days at 60C (42.80F) (Bigelow and Schroeder, ,1953). Pollock
larvae hatch at 3.4 to 3.8 mm long (Bigelow and Schroeder, 1953) and are also pelagic (NEFMC,
1998). Larvae and post-larvae inhabit the surface waters feeding on small copepods (Steele, 1963)
and migrate inshore to nursery grounds shortly after hatching (McGlade, 1984).
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4.2.7.4

Silver Hake (Whiting; Merluccius bilinearis)

Silver hake, also known as whiting, is a demersal fish inhabiting the cool bottom waters (<13 0C/55PF)
over a variety of substrates (NEFMC, 1998). Silver hake is a gadoid fish spe=ies ranging Nova Scotia
to South Carolina (Bigelow and Schroeder, 1953; NEFMC, 1998). Adults inhabit waters of the
continental shelf in depths from 30 m to greater than 400 m (Almeida, 1984; N EFMC, 1998). The silver
hake migrate annually from their winter grounds of the deep waters in the Gulf of Maine and outer
continental shelf and slope to the shallower waters In the spring (Mayo, 1998). Silver hake can grow to
a maximum length of 65cm (26 in) and life spans of 15 years have been reported. However, as a result
of fishing pressure, few fish over the age of six are rarely seen currently (Mayc, 1998). Females grow
faster and live longer than the males (NEFSC unpubl. data In Dery, 1998). Adult silver hake feed on
fish and pelagic invertebrates (shrimp and squid) (Mayo, 1998), while ju'venile silver hake feed
primarily on crustaceans (Cohen etaL., 1990).
Nearly all age-3 (25 -35 cm/10-14 in) whiting are sexually mature, 50%/a of which reached maturity by
age-2 (Mayo, 1998). Adults spawn over various substrate types in the Gulf ol Maine, Georges Bank,
the continental shelf off of southern New England, and the mid-Atlantic %outhto Cape Hatteras
(NEFMC, 1998). Spawning occurs In late spring and early summer (Mayo, 1998), although whiting
eggs are observed year round. Fecundity is dependent on the size of the spawning females. NMFS
has estimated that female silver hake spawn between 230,000 andl,600,00D eggs. Silver hake eggs
are pelagic and occur in surface waters between 50 and 150 meters (NEFIMC, 1998). Larvae are
observed in surface waters year round with peak densities between July and September. Larvae are
also pelagic before settling to the bottom as juveniles (NEFMC, 1998)
42.7.5

Red hake (Urophycis chuss)

The red hake is a demersal, marine fish species that inhabits the bottom waters from Nova Scotia to
North Carolina in the northwestern Atlantic continental slope (Cohen etal., 199O). Red hake are found
over bottom habitat with substrates of mud and sand (Cohen et al., 1990; N EFMC, 1998). Uke the
silver hake, the red hake undergo seasonal migrations from offshore deeper ir- the winter to shallower
waters in the spring and summer (Sosebee, 1998). Juveniles inhabit shallowe r waters along the coast
usually in association with shell litter or live scallop beds (Cohen et al., 1990; NEIFMC, 1998). The
juveniles feed on crustaceans (e.g. amphipods, shrimp) while the adults include squid, herring, flatfish
and mackerel in their diets (Cohen etal., 1990). Adult hake may attain lengths of 50 cm020 in) and life
spans of 12-15 years, although few survive past age-8 (Cohen etaL., 1990; Scisebee, 1998).
Red hake migrate to shallow waters in the spring to spawn. Spawning takes place between May and
November with peaks in June and July (Sosebee, 1998; NEFIC, 199S) Red hake spawn in
depressions In bottom habitats of mud or sand (NEFMC, -1998). Primary spawning grounds are
located on the southern edge of Georges Bank and off of the southern New Esngland coast (Sosebee,
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1998). Red hake eggs are pelagic and occur in surface waters-less than 100C(500 F). Larvae are also
pelagic and occur in surface waters less than 190C (660F) (NEFMC, 1998).
4.2.7.6

White hake (Urophycis tennis)

In comparison to the other gadoid species described above, the white hake has the northern most
range occurring from New Foundland to southern New England (Sosebee, 1998). White hake are a
demersal fish inhabiting the bottom waters over muddy substrates or fine grain sand along the
continental slope and rise (NEFMC, 1998; Cohen et al., 1990). White hake inhabit waters with
temperatures below 19C (660F) at depths of 5 - 325 m. The larger adult white hake are usually not
found in temperatures above 140C (57rF) and tend to be present at the deeper end of the depth range,
while juveniles will inhabit the shallower waters (NEFMC, 1998; Sosebee, 1998). However, mature
fish do migrate annually to shallower waters in the spring to spawn before returning offshore in
autumn. Juvenile white hake feed primarily on crustaceans while adults feed primarily on fish (Cohen
et al., 1990; Sosebee, 1998). Maximum lengths for the white hake have been documented at 120 cm
(-4 ft) and 130 cm (4.25 ft) and weights up to 21 kg (461b).
The average age for sexual maturity in white hake is estimated to be five years (Cohen et al., 1990).
Two spawning periods have been observed for the white hake; populations in the southern part of the
range spawn between April and May while the populations in the northern part of the range spawn
between August and September (NEFMC, 1998; Sosebee, 1998). Both spawning events appear to
contribute to the populations in U.S. waters (Sosebee, 1998). Spawning takes place over mud or finegrained sandy substrates. Females spawn between 1,000,000 and 15,000,000 (Cohen et al., 1990).
White hake eggs and larvae are pelagic and occur in surface waters of the Gulf of Maine, Georges
Bank and southern New England (NEFMC, 1998).
4.2.7.7

Winter flounder (Pseudopleuronectes americanus)

For a description of the life history of winter flounder, see Section 4.2.6.2 of this report
4.2.7.8

Yellowtail flounder (Pleuronectes ferruginea)

Yellowtail flounder is a right eyed benthic flatfish of the northwest Atlantic and its habitat ranges from
Labrador to the Chesapeake Bay area (Cooper et al., 1998). The flounder is an important commercial
fish species that inhabit substrates with a mud or sand bottom. The yellowtail are found in depths
primarily between 37 - 87 m and rarely exceeding 100 m (Cooper et al., 1998; DFO, 1997; Overholtz
and Cadrin, 1998). Yellowtail flounder prey on small benthic invertebrates including polychaete
worms, isopods, shrimp and amphipods as well as some small forage fish species (Cooper et al.,
1998). The yellowtail can attain lengths of 55 cm (22 in) and weights of 1 kg (2.2 lb.). The life span of
the yellowtail is 12 years (Overholtz and Cadrin, 1998), but high fishing mortality rates have greatly
reduced size and age (Overholtz and Cadrin, 1998).
Marc
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Yellowtail flounder reach sexual maturity between lengths of 25 - 35 cm (9 - 13 in) approximately at
age four in females and five in males (DFO, 1997). Spawning takes place during spring and summer
in the Gulf of Maine, Georges Bank, and the southern New England shelf south to Delaware
Bay.(Overholtz and Cadrin, 1998; NEFMC, 1998). Females produce between 350,000 and 500,000
eggs per 50-55cm (19-21 in) length fish, although larger females can produce up to 4 million eggs
(DFO, 1997). Eggs are pelagic and found in surface waters between mid-March to July peaking
between April to June. Larvae are also pelagic and drift in surface waters for more than a month
before metamorphosing into demersal, juvenile form and setting to the bottom (Overholtz and Cadrin,

1998).
4.2.7.9

Windowpane flounder (Scopthalmus aquosus)

Windowpane, also known as the'sand flounder, is a a left-handed' benthic, flatfish species. The
windowpane inhabits soft bottom substrates of mud and fine sand between depths of 1 to 75 meters.
(NEFMC, 1998). Windowpane are distributed along the northwestern continental shelf in the Gulf of
Maine, Georges Bank, southern New England and the mid-Atlantic south to Florida (NEFMC, 1998;
Robins, 1986; Hendrickson, 1998). Windowpane may attain a maximum lengths of 45 cm (17 in)
(Robbins and Ray, 1986). Windowpane prey primarily on small benthic invertebrates including
polychaete worms, and amphipods as well as some small forage bony fish species 1Langton and
Bowman, 1981).
Windowpane flounder reach sexual maturity between ages 3 and 4. Spawning takes place on soft
bottom substrates between April and December, with peak spawning activity in July and August on
Georges Bank and in May In the mid-Atlantic (NEFMC, 1998; Hendrickson, 1998). Eggs and larvae
are pelagic and are found in surface waters less than 200C (680F) (NEFMC, 1998). Distributions of
windowpane flounder early life stages parallel the adult distribution indicated above.
4.2.7.10

American plaice (Hippoglossoidesplatessoides)

The American plaice is a aright-handed' flounder that inhabits the deep waters of the continental shelf
on both sides of the North Atlantic (Cooper and Chapleau, 1998). In the Northwest Atlantic, American
plaice range from southern Labrador to Rhode Island In depths primarily between 90 and 250 m (295 820 ft) (O'Brien, 1998). Both juvenile and adult American plaice inhabit the benthos where water
temperatures are generally belowi r7C (630F) and the substrates range between fine grain sediments
to sand or gravel (NEFMC, 1998). The American plaice feed on benthic crustaceans and mollusks as
well as some small forage fish species. American plaice attain maximum lengths of 82 cm <32 in) and
weights up to 6.4 kg (141b) (Cooper and Chapleau, 1998).
Sexual maturity can be attained by a two or three year old fish, but the majority of American plaice do
not reach sexual maturity until age-4 (O'Brien, 1998). Spawning takes place in spring, principally
between March and May. Adults spawn over a variety of substrate types in the Gulf of Maine and

J.%PubsVnwgr4)rojects=70021VOMS4.dor

4-43

ENUR
Georges Bank (NEFMC, 1998). A 40cm female may spawn between 250,000 - 300,000 (mean:
275,000) eggs and a 65 70 cm female may spawn up to 1,500,000 eggs (fishbase.org). American
plaice eggs have development periods between 9 and 14 days (Bigelow and Schroeder, 1953). Eggs
and larvae are pelagic and found in the surface waters over the spawning grounds, although larval
distributions extend to southern New England and Cape Cod Bay. The distributions of American plaice
eggs and larvae in Cape Cod Bay are depicted in Figure 4.2-20.
4.2.7.11

Ocean pout (Macrozoarces americanus)

The ocean pout is a demersal fish of the family Zoarcidae (eelpouts) (Anderson, 1994). The ocean
pout's range on the northwest Atlantic continental shelf is from Labrador south to Delaware. They
generally prefer depths between 15 and 80 m (50-260 ft) (Wigley, 1998) and water temperatures below
100C (500 F) (NEFMC, 1998). The ocean pout generally feed over sandy substrates and migrate to
rocky areas for spawning (Wigley, 1998). Ocean pout feed on echinoderms, crustaceans, and other
benthic invertebrates (Anderson, 1994). The ocean pout can attain lengths of up to 90 cm (39 in) and
weights of 5.3 kg (14.2 lb.).
Spawning occurs over hard bottom substrates (including artificial reefs) in late summer through early
winter with peaks in September and October (NEFMC, 1998). Females spawn less than 4,200 eggs
into demersal gelatinous masses. Due to the low fecundity, the eggs are usually guarded by one or
both parents until they hatch into larvae (NEFMC, 1998; Wigley, 1998). The larvae are also demersal
and are presumed to remain near the nests.
4.2.7.12

Atlantic halibut (Hippoglossus hippoglossus)

The Atlantic halibut is a right eyed flounder and the largest flaffish species (BMLSS, 1997/8). The
Atlantic halibut inhabits both sides of the North Atlantic. In the western North Atlantic, the Atlantic
halibut ranges from Labrador to Virginia (Neilson, 1986). The Atlantic halibut inhabits offshore
substrates of sand, gravel and clay in depths of 100 - 700 m (330 ->2000 ft) (NEFMC, 1998).
Maximum lengths have reported up to 300 cm (-10 ft) and maximum weights of 320 kg (lb) (Neilson,
1986). The Atlantic halibut feeds primarily on other fish, including cod, herring and capelin, in addition
to large crustaceans (BMLSS, 199718; Neilson, 1998).
Spawning takes place over substrates of sand, gravel or clay in the Gulf of Maine and Georges Bank.
Spawning occurs between late fall and spring with peak spawning between November and December
(NEFMC, 1998). Females spawn approximately 200,000 eggs (BMLSS, 1997/8). Eggs are pelagic
and are distributed throughout the water column (NEFMC, 1998). Larvae are pelagic and are
generally found in surface waters until metamorphosis into flatfish form at approximately 23mm
(BMLSS, 199718).
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4.2.7.13

Atlantic sea scallop (Placopecten magellanicus)

The Atlantic sea scallop supports one of the most valued shell fisheries in the United States (Mullen
and Moring, 1986). The Atlantic sea scallop is a bivalve distributed along the northwestern Atlantic
Shelf between the Gulf of St. Lawrence to Cape Hatteras (Young-Lai and Aiken, 1986). North of Cape
Cod, the sea scallop is generally found in depths of less than 20 m (65 ft) and hard substrates of
cobble, shell litter, or coarse gravel/sand (NEFMC, 1998; Lai and Rago, 1998). Maximum attained
shell height is approximately 23 cm (9 in) although shell height greater than 17 cm (6.7 in) are rare (Lai
and Rago, 1998).
Some sea scallops begin reaching sexual maturity at age-2 (Lai and Rago, 1 998). Spawning season
begins in May and extends through October. Peak spawning activity depends on area; in the midAtlantic spawning peaks between May and June, and in September and October in Georges Bank
usually in water temperatures below 16WC (610F) (NEFMC, 1998). Scallops spawn as many as 1
million eggs per year dependent on the size of the female (MacKensie, 1979). Eggs are not buoyant
and remain on the benthos until hatching into free swimming larvae (NEFMC, 1998). Larvae occupy
pelagic waters and bottom habitats of gravel, shell liter, algae or sedentary benthic infauna (NEFMC,
1998).
4.2.7.14

Atlantic herring (Clupea harengus)

The Atlantic herring is' a widely distributed fish that inhabits the continental shelf waters from
Labrador to Cape Hatteras. Cape Cod Bay and the vicinity of PNPS are considered essential fish
habitat for all life stages of the Atlantic herring. The Atlantic herring is a significant part of the diet of
many predatory fishes, marine mammals and piscivorous birds. Chief predators of herring are cod,
pollock, haddock, silver hake, mackerel, dogfish, finback whales and squid (Hildenbrand, 1963;
Bigelow and Schroeder 1953). A principal source of herring egg mortality is predation by groundfish,
such as cod and haddock. An estimated 8% of the spawn is removed by predators (Caddy and lies,
1973). They are also important competitors with other planktivorous fishes, including the Atlantic
mackerel. The Atlantic herring has supported a commercial fishery along inshore waters of New
England for at least 400 years (Anthony and Waring 1980). The fisheries primarily concentrate on
juvenile herring, sardines'. Development of large-scale fisheries for adult herring is comparatively
recent, primarily occurring in the western Gulf of Maine, on Georges Bank, and on the Scotian Shelf.
Herring migrate from summer feeding grounds along the Maine coast to southern New England during
winter. Spawning occurs offshore once a year from July through November in water temperatures
below 150C (59 0F) and in water depths between 20 and 80 meters (65 - 265 At) {NEFMC, 1998).
Fecundity is closely related to the size of the fish. The average female of length 31cm (12 in), spawns
approximately .110,000 eggs (Perkins and Anthony, 1969; Kelly, 1983). The rnaximum number of eggs
estimated to be spawned is 180,000 eggs by a 34 cm (13.4 in) long female (Morse and Morris, 1981;
Kelly, 1983). Herring eggs are demersal and are typically deposited on gravel substrates but may also
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be deposited on rock, vegetation and shells. The eggs adhere to the bottom and form extensive beds,
which may be many layers deep. Egg diameter after fertilization is typically 1.0 to 1.4 mm (Bigelow
and Schroeder 1953; Mansueti and Hardy, 1967). Incubation is temperature dependent, but usually
occurs within 7 to 10 days. Herring larvae are 5 to 9 mm long (Blaxter and Holliday 1963) at hatching
and densities peak from September through November. An estimated 75% of Atlantic herring larvae
die within 4 days of hatching (Graham and Chenowesth 1973). Larvae prey principally on the
copepods, Pseudocalanus minutus and Oithona spp. (Sherman and Honey 1971). Larvae (50-55 mm)
metamorphose by late spring into juveniles that form large aggregations in coastal waters. Juvenile
herring are negatively phototaxic (Stickney 1972).
Juveniles feed on a variety of zooplankton,
copepods being the most important Atlantic herring become fully mature at age 4 (NOAA, 1998). As
adults they inhabit pelagic waters at temperatures less than 10*C (500F) and between 20 and 130
meters (65 - 425 ft) deep (NEFMC, 1998). The adults feed selectively on zooplankton, capturing prey
by direct, predatory snapping action (Blaxter and Holliday 1963).

4.2.7.16

Monkfish (Lophius americanus)

Monkfish, also referred to as goosefish or angler, range from Grand Banks and northern Guff of St
Lawrence south to Cape Hatteras, North Carolina. Cape Cod Bay and the vicinity of PNPS are
considered essential fish habitat for monkfish eggs and larvae. Individuals are most commonly found
in waters from 70-100 meters (230 - 330 ft) deep but range from inshore areas to depths greater than
800 meters. Seasonal migrations occur and appear to be related to spawning and food availability.
Growth is fairly rapid and similar for both sexes up to the age of four, after which, females tend to grow
faster and live longer. Females reach a length slightly more than 100 cm and live about 12 years.
Males reach lengths of 90 cm and live approximately 9 years. Sexual maturity occurs between age 3
and 4 and spawning generally occurs from March to June in surface waters at temperatures below
180C (64 0F) (NEFMC, 1998). Females lay a nonadhesive, buoyant mucoid egg veil which can reach
sizes of 12 meters long and 1.5 meters wide (39 x 5 ft). Fecundity ranges between 301,000 and
2,780,000 eggs per female (Robins and Ray, 1986). After incubation, larvae and juveniles remain in
the pelagic zone before settling to a benthic existence at a size of about 8 cm (3 in) (NOAA, 1998).
The juveniles settle on bottom habitats with substrates of sand-shell mix, algae covered rocks, hard
sand, pebbly gravel or mud in water temperatures below 15°C (59 0F) (NEFMC, 1998).

4Z7.16

Bluefish (Pomatomus saftatr)--

The bluefish is a migratory, pelagic species found throughout the world in most temperate coastal
regions. Along the Atlantic Coast, bluefish are found from Maine to Florida, migrating northward in the
spring and southward in the fall. Only juvenile and adult bluefish have been observed in the vicinity of
PNPS. Because bluefish are abundant along most of the East coast, easy to catch, good to eat and
have an unusually long fishing season, they are popular among recreational fishers.

Jr.VPbs~r9Prqec97OO21W2OS4.doc446Mr

4-4

20
Marh 2000

ENMR
Bluefish are voracious predators that feed on a wide variety of fish and invertebrates, including squid,
shrimp, crabs, alewives, menhaden, silver hake, butterfish and smaller bluefish (Wilk 1977, Richards,
1976). They live to approximately the age of 12 and reach sizes in excess of 100 cm (40 in). There
are two distinct spawning populations of bluefish, one in the spring and one in the summer (NOAA,
1998). Bluefish reach sexual maturity during their second year at about 35 cm (14 in). Fecundity
varies depending on the size of the individual. The fecundity of 3 to 4 year old females ranged from
0.6 to 1.4 million eggs (Lassiter, 1962). Fecundity ranges from 370,000 eggs per 31 cm (13 in) female
to 1,240,000 eggs per 54 cm (21 in) female (Dooley, 1990). Bluefish eggs are buoyant. Bluefish
larvae are 2.0 to 2.4 mm at hatching and feed among the surface plankton until they metamorphose
and begin their migrations to the coastal nursery areas (Kendall and Walford, 1979).
4.2.7.17

Long finned squid (Lofigopealel)

Longfin squid school in the continental shelf and slope waters from Newfoundland to the Gulf of
Venezuela. North of Cape Hatteras, individuals migrate seasonally, moving offshore during late
autumn to overwinter in warmer waters along the edge of the continental shelf and inshore to spawn
during the spring and early summer. Longfin squid live for less than one year, grow rapidly, and spawn
year-round. (NOAA, 1998). Cape Cod Bay and the vicinity of PNPS are considered essential fish
habitat for longfin squid juveniles and adults.
4.2.7.18

Short finned squid (Ilex llecebrosus)

The shortfin squid is highly migratory and is found primarily in the offshore continental shelf and slope
waters from Florida to Labrador. During autumn, individuals undergo a lengthy spawning migration to
warmer waters south of Cape Hatteras. Peak spawning occurs during the winter and larvae and
juveniles are transported northward in the warm waters of the Gulf Stream. Squid spawned during the
winter migrate onto the continental shelf during late spring. Shortfin squid live for approximately one
year and grow rapidly during the first few months of existence (NOAA, 1998). Cape Cod Bay and the
vicinity of PNPS are considered essential fish habitat for shortfin squid juveniles and adults.
4.2.7.19

Atlantic butterfish (Peprilustriacanthus)

The butterfish Is a small, bony fish with a thin oval body. The butterfish is pelagic and ranges from
Florida to Newfoundland, but is primarily found between Cape Hatteras and the Gulf of Maine. Cape
Cod Bay and the vicinity of PNPS are considered essential fish habitat for all life stages of the Atlantic
butterfish. They form loose schools that feed upon small fish, squid and crustaceans. Butterfish have a
high natural mortality rate and are preyed upon by many species including silver hake, bluefish,
swordfish and longfin squid. During the summer, juvenile butterfish associate with jellyfish to avoid

predators.
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The butterfish is short-lived and grows rapidly. Few live to more than 3 years of age and most are
sexually mature at age 1. The population migrates in response to seasonal changes in water
temperature. During the summer, butterfish move north and inshore to feed and spawn. Spawning
occurs from June to August During the winter the population moves south and offshore to avoid cool
waters. (NOAA, 1998).
4.2.7.20

Atlantic mackerel (Scomberscombrus)

The Atlantic mackerel is a fast swimming, pelagic, schooling fish distributed in the northwest Atlantic
between Labrador and North Carolina. They are abundant in cold and temperature shelf areas and
form large schools near the surface (Collet & Nauen, 1983). They primarily filter feed on plankton,
including amphipods, euphausiids, shrimp, crab larvae, small squid, and fish eggs (Scott & Scott,
1988). In the spring, migration is generally northeast and inshore, while in the winter the mackerel
retreats to deeper, warmer water. Cape Cod Bay and the vicinity of PNPS are considered essential fish
habitat for all life stages of the Atlantic mackerel.
There exists two separate spawning populations, a southern group that pawns in April and May and a

northern group that spawns in June and July. Both groups engage in extensive migrations to and from
spawning and summering grounds. Spawning occurs in the upper water column in waters greater than
100C. 200,000 to 500,000 eggs are produced per female (Ahems, 1985)..- Eggs and larvae are
pelagic. During the reproductive season, successive batches of eggs (approximately 50,000 eggs)
ripen and are released (Moore, 1899; Bigelow & Schroeder, 1953). Larvae are about 3 mm at
hatching and grow to about 8 mm (Sette, 1943). Juveniles reach a size of about 30 cm (12 in) after two
years. As adults they grow more slowly, reaching a maximum observed size of 47 cm (18 in) in length
and 1.3 kg (4 lb) in weight (Sette, 1943). Sexual maturity begins at age 2 and is usually complete by
age 3. Mackerel live for about 20 years (NOAA, 1998).
4.2.7.21

Summer flounder (Paralicthys dentatus)

The summer flounder ranges from Nova Scotia to Florida, but is most abundant from Cape Cod,
Massachusetts to Cape Hatteras, North Carolina. The summer flounder is an important commercial
and recreational fish along the Atlantic coast of the Unite States. They are concentrated in bays and
estuaries from late spring through early autumn, at which time an offshore migration to the outer
continental shelf is undertaken. Cape Cod Bay and the vicinity of PNPS are considered essential fish
habitat for summer flounder adults.
The fecundity of summer flounder is reported to range from 1,670,000 to 1,799,000 eggs per female
ranging in length from 506 to 683 mm (Powell, 1974). Spawning occurs during autumn and early
winter on or near the bottom in shelf waters ranging from 30 to 200 mm deep. Summer flounder are
serial spawners, continuously shedding mature, pelagic eggs during the spawning season (Morse,
1981). The larvae are transported toward coastal areas by the prevailing water currents. Development
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of post-arvae and juveniles occurs primarily within bays and estuarine areas. Young summer flounder
are greater than 6 mm long when they first move into the estuaries (Weinstein et al., 1980). Juveniles
feed upon mysid shrimp and small fish. Most of the population is sexually mature by age 2. At
maturity, males range in length from 240 to 270 mm and females range in length from 300 to 330 mm
(Morse, 1981). Adult summer flounder feed on fish and large invertebrates, primarily decapod
crustaceans. Female summer flounder may live up to 20 years, but males rarely live more than 7
years (NOAA, 1998).
4.2.7.22

Scup (Stenotomus chrysops)

Scup occur primarily from Cape Cod to Cape Hatteras. Seasonal migrations occur during spring and
autumn. In the summer, scup are common in onshore waters from Massachusetts to Virginia, while in
the winter, scup are found In offshore waters between Hudson Canyon and Cape Hatteras at depths
ranging from 70 to 180 meters. Cape Cod Bay and the vicinity of PNPS are considered essential fish
habitat for juvenile and adult scup. They feed on amphipods, worms, sand dollars and young squid
(Leim & Scott, 1966). Sexually maturity is essentially complete by age 3 at a total length of 21 cm (8
in). Spawning occurs during the summer. Scup have been reported to reach the age of 20 and a
maximum length of about 40 cm (15.7 in) (NOAA, 1998).
4.2.7.23

Surf clam (Splsula solidisslma)

The Atlantic surf clam is distributed on the western North Atlantic waters from the Gulf of St Lawrence
to Cape Hatteras. Cape Cod Bay and the vicinity of PNPS are considered essential fish habitat for
juvenile and adult surf clams. Adult surf clams spend most of their lives burrowed in medium to coarse
sand and gravel substrates. They rarely voluntarily leave their burrows, however, ocean storms or
water currents generated over the ocean floor may displace clams a considerable distance (Yancey
and Welch, 1968). Surf clams are planktivorous, siphon feeders. They are preyed upon by moon
snails, boring snails and predatory fish such as haddock and cod.
Surf clams are capable of reproduction in their first year of life although full maturity may not be
reached until the second year (Ropes, 1979). Eggs and sperm are shed directly into the water column.
Recruitment on the bottom occurs after a planktonic larval period of three weeks (NOAA, 1998). Water
currents in areas where planktonic surf clam larvae live are important in determining eventual patterns
of distribution and settlement for developing juveniles (Ropes et al., 1969; Ropes, 1980). Growth rates
are relatively rapid, with dams reaching harvestable size in about 6 years. Maximum size is about
22.5 cm (9 in).
4.2.7.24

Spiny dogfish (Squalus acanthias)

Spiny dogfish are found in the western North Atlantic from Labrador to Florida, often in enclosed bays
and estuaries. Cape Cod Bay and the vicinity of PNPS are considered essential fish habitat for juvenile
Mare.
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dogfish. During spring and autumn, they are found in coastal waters between North Carolina and
Southern New England. Dogfish migrate from the edge of the continental s~helf to the Gulf of MaineGeorges Bank region in the summer. They tend to school by size and, when mature, by sex. They
are known to feed on many species of bony fish, mollusks and crustaceans The maximum reported
ages for males and females are 35 and 40 years, respectively. The dogfish bear live young, with a
gestation period of about 18 to 22 months. An average of 6 pups are produoed in a liter but can range
from 2 to 15 pups. (NOAA, 1998). The maximum size reported for the dogfish is 160 cm (63 in) and
9.1 kg (20 lb).
4.2.7.26

Bluefin tuna (Thunnus thynnus)

The bluefin tuna is found throughout the Atlantic Ocean, in the west from as far north as Newfoundland
and as far south as Brazil. Cape Cod Bay and the vicinity of PNPS are considered essential fish
habitat for juvenile and adult bluefin tuna. The bluefin tuna is migratory, moving south to warmer
waters in the winter. They can swim rapidly, attaining speeds up to 50 rr"iles an hour. They feed
primarily on anchovies, sardines, hake, squid and pelagic crabs. The bluefin tuna is one of the most
valuable and thus overexploited animals in the sea.

Bluefin tuna spawn during the late spring and summer. The females may produce as many as 10
million eggs per year (Collette, 1999). Due to fishing pressure, newly hatched bluefin tuna have a 1 in
40 million chance of reaching adulthood. Bluefin tuna mature at 5-6 years of age at a length of 63
inches (160 cm) (Allen). They are among one of the largest bony fish in the Atlantic Ocean, reaching
10 feet (3+ m) in length and 1,200 pounds (545 kg). The life span of the bluefin tuna can exceed over
20 years.
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Table 4.1-1 Monthly Means of Intake Temperature (IF) Recorded During Impingement Collections at Pilgrlm Nuclear Power Station, 1989-1998.
(Anderson, 1999).
Month

January
February
March
April
May
June
July
August
September
October
November
December

1998

40.5
39.6
40.1
45.2
51.4
52.6
57.5
57.7
60.0
54.4
49.9
45.3

1997

38.8
37.4
39.2
44.1
47.8
58.7
60.6
62.3
61.7
55.7
50.8
41.0

1996

37.1
35.8
37A
41.8
48.6
56.0
56.1
60.8
62.9
57.5
49.6
45.2

1995

41.1
36.6
39.5
41.7
48.8
56.4
58.1
67.3
62.4
57.9
50.6
40.3

1994

28.2
29.2
30.9
37.9
44.3
45.2
56.8
59.3
60.4
63.3
55.8
44.9

1993

37.3
32.2
35.2
41.2
48.3
52.7
56.8
53.7
50.5
43.9
39.9
34.5

36.3
34.3
36.5
43.4
51.6
54.2
55.9
60.4
57.4
53.8
50.8
43.1

1991

37.6
36.7
39.7
44.5
53.8
60.1
61.7
58.5
58.6
52.0
47.9
41.7

1990

38.4
38.1
37.9
46.6
50.9
53.6
61.2
64.7
63.3
55.1
47.9
42.9

1989

38.4
42.9
38.4
41.1
48.7
57.4
61.6
59.8
58.6
53.9
45.6
35.6

1989-1998
Mean
37.4
36.3
37.5
42.8
49.4
54.7
58.6
60.5
59.6
54.8
48.9
41.5
48.5

Mean
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Table 4.2-1 Percent cover and community structure of algal species by layer (canopy, understory,

ephemeral, and crustose) from intertidal quantitative samplings, September 1978 to
June 1979 (Grocki, 1984).

Intertidal Zones
High
Stations

RP

Middle

EF

MP

RP

-

59

60

Low

EF

MP

RP

-

72

2

EF

MP

81

8

91

1

20
28

92

10
1

Canopy Layer
Ascophyllum nodosu,
Fucus vesiqulosus

Total

55

11
66

40
40

-

-

21

7

80

32

67

32

-

-

74

82

1

Understory Layer
Chondrus crispus

3

Corallina officinalis
Gigartina stellata

Total
Ephemeral Layer
Blidingia minima
Dumontia Incrassata
Enteromorphs flexuosa
Enteromozrha prolifera

-

-

-

1

46

-

3

-

-

0

4

_

3
_

1
47.. 11

1

-

-

1

0

0

4
_
_

_
_

_
_

_

-

-

-

-

-

_

_
_

_
_

_
_

_
_

3
3

3
9

-

26

0
-

-

3
.-

1
1

1

-

-

_
-

3
_
-

Petalonia fascia
Scytosiphon lomentaria

_
-

_

Ulothrix flacce
Total

-

2
8

-

-

-

-

-

0

0

1

0

3

7

41

51

42

65

32

2

-

-

1

1

2
32
4
5
75

-

-

16
19

53

0

-

-

3

Crustose Layer
Efildenbrandfa rubra

29

Petrocelis middendorfli

-

-

-

Phymatolithon spp.
Ralfsia spp.
Verzucaria sp. (Lichen):
Total

1

-

-
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1

6

14

3

-

2

6

-

6

44

64

57

74

50
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Table 4.2-2 Fifteen Most Abundant Species at the Effluent Station in March and October 1991
(SAIC, 1992).

Species

EFFLUENT
Spring 19 1
.
Mean Number Percent of Species
per Replicate
Ideni~fed
.
Fauna

Fall 1991
:
.

Mean Number
per Replicate

Percent of
Identifed
Fauna

375.0
331.8
320.8
294.6
271.4
142.6
129.8

13.12
11.71
11.22
10.31
9.49
4.99
4.54

107.0
105.4
93.4
76.4
70.A
662
53.0
50.4

3.74
3.69
3.27
2.67
2.46
2.32
1.85
1.76

.

Mytlus edulis (Bivalve)
Jassafatcata (Amphipod)
Corophium insidiosum (Amphipod)
Corophiumacutum (Amphipod)
Lacuna *incta (Gastropod)
Capreffa penants (Amphipod)
Caffiopius laevisculus (Amphipod)

10,486.0
Z,137.4
613.4
447.8
142.6
60.8
18.0

74.45
15.18
4.36
3.18
1.01
0.43
0.13

Dexamine thea (Amphipod)
Cerebratulus iacteus (Nemertean)
Idotea phosphorea (Isopod)
senas hrbesi (Echinoderm)
Pholoe minuta (Polychaete)
Eulalia viridis (Polychaete)
Molgula sp. (Tunicate)
StMnocentrotus droebachiensis
(Echinoderm)

17.2
14.2
13.2
11.4
10.0
9.4
7.2
6.8

0.12
0.10
0.09
0.08
0.07
0.07
0.05
0.05

Caprella penanbs (Amphipod)
Dexamine thea (Amphipod)
Calliopius laevisculus (Amphipod)
Jassa falcata (Amphipod)
Lacuna vincta (Gastropod)
Mytlus edulis (Bivalve)
Corophium tuberculatum
(Amphipod)
Pontogenela inenmis (Amphipod)
Corophium acutum (Amphipod)
Corophium bonelli (Amphipod)
Capre/la lineads (Amphipodx
Mtrela lunata (Gastropod)
Ischyrocerus anguipes (Amphipod)
Amphithoe rubdcata (Amphipod)
Pleusymtes glaber (Amphipod)

13,995A

99.37

TOTAL OF 15 SPECIES

2,488.2

87.14

89.8

0.63

REMAINING INDENTIFED FAUNA 75 SPECIES

370.2

12.86

14,085.2

100.00

2,858.4

100.00

_

OTAL OF 15 SPECIES
REMAINING INDENTIFED FAUNA 57 SPECIES
OTAL IDENTIFIED FAUNA - 72
SPECIES

-

.

TOTAL IDENTIFIED FAUNA - 90
SPECIES

Ma
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Table 4.2-3 Frfteen Most Abundant Species at the Manomet Point Station in March and October
1991 (SAIC, 1992).
MANOMET POINT
Spring 1991
Species
.
Mytilus edulis (Bivalve)
Jassa falcata (Amphipod)
Corophium acutum (Amphipod)
Lacuna vincta (Gastropod)
Corophium bonelli (Amphipod)
Margaiftes urnbilica/is (Gastropod)
Molgula sp. (runicate)
Idotea phosphorea (Amphipod)
Callopius laevisculus (Amphipod)
Dexamine thea (Amphipod)
Caprella penantis (Amphipod)
fschyrocerusanguipes (Amphipod)
Anphithoe nbricata(Arnphipod)
Pleusymtes glaber(Amphipod)
Pontogenela inenmis (Amnphipod)
OTAL OF 15 SPECIES
REMAINING INDENTIFED FAUNA

._|_:_Fall
Mean
.Percentof
Number per
Identifed
. Replicate
Fauna

.

I Mean Number

per Replicate |

_
Lacuna vincta (Gastropod)
Jassa falcata (Amphipod)
Caprella penantis (Amphipod)
Dexamine thea (Amphipod)
Margaites umbilicalis (Gastrpod)
Corphium acutum (Amphipod)
Mytilus edulis (Bivalve)
Corphium bonefli (Amphipod)
Pleusyrntes glaber(Amphipod)
Calliopius laeviscwlus (Amphipod)
Ischyrocezs anguipes (Amnphipod)
Caprella lineads (Amphipod)
Molgula sp. (Tunicate)
Mitrella lunata (Gastropod)
Pontoigenela inemins (Amphipod)

572.2

14.6

67.76
16.11
3.91
2.59
2.49
1.49
0.90
0.68
0.46
0.37
0.37
0.35
0.32
0.30
028

5,049.8

98.38

TOTAL OF 15 SPECIES

22

83.8

1.62

REMAINING INDENTIFED FAUNA -

3,478.6
827.0
200.6
133.0
127.8
76A
46A
35.0
23.4
18.8
18.8
18.0
16.2
15.2

47 SPECIES
OTAL IDENTIFIED FAUNA - 62
SPECIES

1991
Species

490.6

232.8
196.2
164.6
161.0
93.8

93.4
832
59.0

362
32.8
30.8
262
252

Percent of
Identifed
Fauna
23.34
20.01
0.50
8.00
6.71
6.57
3.83
3.81

3.39
2.41
1.48

1.34
126
1.07f

1.03
93.75

153.6

625

2,451.6

100.00

54 SPECIES
5j133.6
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Table 4.2-4 Fifteen Most Abundant Species at the Rocky Point Station in March and October
1991 (SAIC, 1992).:
ROCKY POINT
Species

Spring 1991
|
Mean
Number per
Replicate

Mytlus edulis (Bivalve)
assa falcata (Amphipod)

Percent of Species
Identifed
Fauna

1.14

394.4
217.8
126.2
76.0
39.5
30A
24.2
23.0
21.6
19.4
17A
17.0

34.30
18.94
10.97
6.61
3.44
2.64
2.10
2.00
1.88
1.69
1.51
1.48

39.6
29.2
23.8

0.92
0.68
0.55

Modgula sp. (Tunicate)
Pleusymtes glaber(Amphipod)
Ischyrocerus anguipes (Amphipod)

15.6
10.8
10.0

1.36
0.94
0.87

4,144.6

95.93

TOTAL OF 15 SPECIES

1,043.3

90.73

REMAINING INDENTIFED FAUNA
-63 SPECIES

176.6

4.07

REMAINING INDENTIFED FAUNA
-60 SPECIES

106.7

9.27

OTAL IDENTIFIED FAUNA - 78
SPECIES

4,3212

100.00

TOTAL IDENTIFIED FAUNA - 75
SPECIES

1.150.0

100.00

OTAL OF 15 SPECIES
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60.82
10.00
6.03
5.22
1.75
1.75
1.70
1.60
1.28
1.26

53.0

1.23

49.4

Percent of
Identifed
Fauna

Dexamine thea (Amphipod)
Lacuna vincta (Gastropod)
Caprella penantis (Amphipod)
Corophium bonelli (Amphipod)
Mytflus edulis (Bivalve)
Margarites umbilicalis (Gastropod)
Corophium acutum (Amphipod)
Onoba aculea (Gashopoc
Calliopius laevisculus (Amphipod)
AmphiU70e ubnicata (Amphipod)
Fontogenela inermis (Amphipod)
Mitrella lunata (Gastropod)

CoWphium acutum (Arnphipod)
Lacuna vincta (Gastropod)
Molgula sp. (Tunicate)
Margarites umbilicalis (Gastropod)
Corophium bonelli (Amphipod)
Mitrella lunata (Gastropod)
Onoba aculea (Gastropod)
Pontogenela inemmis (Amphipod)
Ischyrocerus anguipes (Amphipod)
Strongylocentrotus droebachiensis
(Echinodem::)
Dexamine thea (Amphipod)
Caprella penantis (Amphipod)
Idotea phosphorea (Isopod)

2,628.2
431.8
260.4
225.6
75.8
75.4
73A4
69.2
55.2
54.6

Fall 1991
Mean Number
per Replicate

55M
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Table 4.2-6 Species of fish represented by eggs (E) andlor larvae (L) in Cape Cod Bay
ichthyoplankton collections, 1974-1976 (Scherer, 1984).

q

Jan Feb Mar Apr May-Jun Jul Aug Sep -Oct Nov Dec

- Anguillidae

J* J

Anguilla rostrate

J

Congridae
Conger oceanicus (I)

L

Clupeidae
Alosa spp. (PD)

Brevoortia tyrannus
Clupea harengus harengus

L

L

L

IL L
E/L EIL E/LE/L E/L E/L L
L L
- L L

L
L

Engraulidae
Anchoa Spp.

A. mitchIllI

.E

iL L. L L
E E

Osmeridae
L

Osmerus zordax

L

E

L

E

:

Lophildae
Lophius americanus

.E/L E/L EIL E/L EIL E/L

Gad idae

Brosme brosme
E2chelyopus cimbrius
Gadus morhua
melanogran=Us aeglefinus
Merluccius bIllmearis
microgadus tomcod
Pollachius virens
Urophycis spp.

E E E/L E/LEL L L
E/L E/L E E/L E/L EIL E/L E/L EIL E/L E/L E/L
E/L E/L E/L E/L E/L EfLiE/L E/L E *E E/L E/L
EfL E/L E/L E/tLE/L

L

U4~

L
L E E/LIEIL E/L EIL E/i E/L L
L L 'L L
EIL E/L EIL E/L I E/LE/L L
E/L E/L E/L
L
EfLEl/OE/L E/L E/L E/L E/L

Ophidiidae
Ophidion warginatu

L' L

-

L

Zoarcidae
Nacrozoarces americanus (I)

Belonidae

L

Strongylura mrrina (I, PD)

Cyprinodontidae
E

Fundulus beteroclltus
F. majalis (,
PD*Y

.L

J

Atherinidae.
menldil

L

Spp..

L. L

L E/L E/L L

Menidla menicia (PD)

Gasterosteidae

a

L

Gasterosteus aculeatus (R)

Syngnathidae
J

Singnathus fuscus

J

J

a) a) a

j

Serranidae
L

L

centropristis striata (R)

Sparidae
:sE E/L E/L

Stenotomus chrysops (R)

Sciaenidae

>

cynoscion regalis (R)
Menticirrhus sazatills (R)

Labridae
Tautoga onitis
Tautogolabrus adspersus

JP-Vubs
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E

E

L

L
L

E

E/L

E

E
L

E
L

E
L

L

L

L

E
L
L

E

L
L

L
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Table 4.2-6 Continued

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Stichaeidae

1
Lumpenus lumpretaefords
Ulvaria subbifurcata

L

L

L
L

L
L

L
L

L
L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

L

Pholidae
Pholis gunnellus

L

L

L

Cryptacanthodidae
Cryptacanthodes maculatus (R)

Ammodytidae
Azmdytes Sp.

L

L

L

6obiidae
GCbiosoi=_ ginsburgi (R)

L

L

L

L

Scombridae
Scomber scombrus

E/iL E/L E/L E/L EIL

Stromateidae
Peprilus triacanthus'

E E/L E/L E/L E/L E/L

Scorpaenidae
L

Sebastes muarinus (R)

Triglidae
'Pieonctus spp.
Cottidae
Nemitzipterus americenus (4)
-Nyoxocephalus Spp.
N. ae~neus (PD*)
M. octodeceawpinosus (PD*)
R. scorpius (PD*)

L

L

L

E

E E/L E/L E/A

L
L

L
L

L
L

L

L

L

L
L

L

L

L L
ILL

L

L
L

L
L

L

L
L

L

L

L

L

L
LIL L.
LIL L
L L
L

L
L

Agonidae
Aspidophowoldes monopterygius (R)

Cyclopteridae
Cyclopterus lumpus
Liparis spp.
L. atlanticus (PD*)
L. cohenif1PV*)

L

L
L

Bothidae
Etropus microstomus (R)
Parzalchthys dentatus,
Patalichthys oblongus
Scophthaln=us quosus

E

E

E

E E/L
E/L E/L E/L
E/L E/L E/L E/L I.
EII E/LL E/L EJL E/L E/L E/L E/L
L

L
L

Pleuronectidae
Glyptocephalus cynoglossus
QIppoglossoides pLatessoides
Lizands ferauginea,
4iopsettz putnari
Pseudopleuronectes americanus

El/L E/I E/L
E
L
L E/L

EiL EJL
E/LE/L
E/LE/L
L
E/LEJL

E/IL E/L E/L E/L E/L E/L L
E/L
L
E/LC/L E/L E/L E/L L
E/L L

L

Soleidae
L

Trinectes maculatus

Tetraodontidae

L

Sphoeroldes maculatus (I)

J=Juvenile.
(PD)=Taken in discharge only, 1974-1976. (RW-Rare in Cape Cod Bay.
(PP*)nTaken in discharge only, 1977-1981.
(I)-Single specimen only.
lIncludes L. maculatus, see text, page 157.
*
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Table 4.2-6 Annual mean densities, per 100 m3 of water, in descending order for the 35 most
abundant species categories of larval fish taken in Cape Cod Bay (1974-1976).
The range of monthly means among those with positive occurrences and the
months the low and high were recorded are also listed (Scherer, 1984).

Species

Annual mean

AnOdytes Sp.

44.3
12.9

E. cImhrlus

1.4
1.4
1.3
1.1
1.0

0.9
0.8
0.7

. ptesssoides
Noxocehls spp..
S. fascs
P. gumeflus
P. traanGo sn
iparzs Spp.
i. onitis
Z. amercaux
Z. 1znPzetaefomfs
P. obbongus
PZIonotus Wpp.
B. faosme
C. zacazatw
Awchoa Wpp.

C. Iut-s
E. mlcxestomus

J.4PUbsV9w7nProjects=970021~2WOs4.doc

0.06 - 106.5 (April, June)
88.3 (May, Sept.)
91.1 (Oct., July)
33.4 (March, May)
15.6 (Nov.. Sept.)
18.8 (May, Nov.)
7.1 (Nov.. June)
9.9 (Nov.. June)

0.01 0.02 0.01 0.50 0.02 0.02 0.01 0.01 0.03 0.02 0.02 -

11.1
10.8
5.0
2.6
2.6

s. a

N. aegleflnws
xenldla spP.
P. dentats

0.20 - 261.9 (June, Jan.)
- 70.3 (Feb., June)

-0.01

11.2

s.scm us
UzoPhycls spp.
T. adspersu
v. subbifurCata
i. bILneargs
C. bazerwgus
G. czhoglosus
L. fezzuginea
P. americams
za
G.
P. vfens
a s
B. t

A. -onowptezxgis

Range (low, high)

0.02-

3.0 (Feb.,

0.20 -

0.5
0.5
0.5

0.01 0.02 0.14

0.4
0.3

0.04

0.1

0.10
0.02 0.02 0.20 -

0.01

0.08
0.07
0.07
0.05
0.04
.

0.01 -

3.3 (Oct.. Dec.)
6.2 (July,-Dec.)
4.1 (Dec., July)
3.8 (Dec., June)

0.6

0.1

-

0.03 0.08 0.02 0.02 -

0.03
0.03

0.04
0.02
0.02
0.01

0.02
0.02
0.01
0.01

0.02

4-58
5

9.5 (Feb., May)

June)

4.5 (Jan., March)
3.8 (May, July)
3.6 (June, March)
4.4 (Oct., Sept.).
1.6 (Aug., May)
1.9 (Nov.. July)
0.4 (June, Aug.)

0.6 (April, Feb.)

0.3 (Oct., Sept.)

0.5 (Sept., Aug.)
0.6 (Aug., June)
0.4 (April, March)
0.2 (Oct., July)

0.2 (June, April)
^ 0.1 (Aug., May)
0.1 (June, July)
0.1 (Dec., Nov.)
0.06 (Aug.. May)
0.06 (Aug.. Sept.)
-

Marh 2000
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Table 4.2-7 Check list of finfish species captured by otter trawl in the western sector of Cape
Cod Bay, 1970-1982 (Lawton et al., 1995).
Class: Elasmobranchiomorphi
Order:
Lamniformesp
Family:
Carcharhinidae

Musteisrcanis

requiem sharks

-

(Nitchill)

-

smooth dogfish

Order: Squaliformes
Family: Squalidae - dogfish sharks
Squalus acanthis Linnaeus - spiny dogfish
Order: Rajiformes
Family: Rajidae - skates
Raja ennacea (Mitchill) - little skate
Raja ocellata Mitchill-- winter skate
Class: Osteichthyes
Order: Clupeiformes
Family: Clupeidae - herrings
Alosaaestivaiis (Mitchill) - blueback herring
Alosapseudoharengus (Wilson) - alewife
Alosasapidisuna (Wilson) - American shad
Brevoortia tyannus (Latrobe) - Atlantic menhaden
Clupea harengus Linnaeus - Atlantic herring
Order: Salmoniformes
Family: Osmeridae - smelts
Osmerusmordax (Mitchill) - rainbow smelt
Order: Gadiformes
Family: Gadidae - codfishes
Gadus morhua Linnaeus - Atlantic cod
Melanogrammusaegkfinus (Linnaeus) - haddock
Meulucciubilineais (mitchill) - silver hake
Microgadus tomcod (Walbaum) - Atlantic tomcod
Pollachiusvirens .(Linnaeus) - pollock
Urophycischuss (Walbaum) - red hake
Urophycis rqia (Walbaum) - spotted hake
Urophycs tenuds (Mitchill) - white hake
Order: Lophiiformes
Family: Lophiidae

Lophius ameicanus

-

Order:. Atheriniformes
Family: Atherinidae

Menidia menidia

JVkubsVnw9TProjects'i097021i200ls4.doc

goosefishes

Valenciennes
-

-

goosefish

silversides

(Linnaeus) - Atlantic silverside

4-9
45
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Table 4.2-7 Continued
Gasterosteiformes
Order:
Gasterosteidae - sticklebacks
Family:
Gasterosteus aculeaus Linnaeus - threespine stickleback
Sygnathidae - pipefishes and seahorses
Family:
Sygnathusfsus Storer - northern pipefish
Scorpaeniformes
Order:
Family: Triglidae - searobins
PIinotscarolinus (Linnaeus) - northern searobin
Frionotsevolas (Linnaeus) - striped searobin
Cottidae - sculpins
Hemnitiptent amermca= (Gmelin)

Family:

Myoxoceplus

anamus

(Linnaeus)

Myoxocephalu scohfis

Cyclopteridae

sea raven
- grubby

(Mitchill)

Myoxocephals ocodecempinosu
Family:

-

(Nitchill)

-

longhorn sculpin

- shorthorn sculpin

lumpfishes and snailfishes

-

Cycloptenwrunpus Linnaeus - lumpfish
(Jordan & Evermann) - Atlantic seasnail
Lipans atdaudm
Perciformes
Order:
Family: Serranidae - sea basses
Centropristissiaa (Linnaeus) - black sea bass
Family:

Pomatomidae - bluefishes
(Linnaeus) - bluefish

Pomatomussaflafix
Family:

Sparidae
Stenotonus clzysops

-

porgies
(Linnaeus)

- scup

Family:, Carangidae - jacks
Setenevomer

(Linnaeus)

-

lookdown

Family: Sciaenidae - drums
(Bloch & Schneider)
Mentic&iMnsaxii
Family:

Labridae

-

northern kingfish

wrasses

-

Tazstoga oniis (Linnaeus) - tautog
(Walbaum) -:cunner
TaUtogol&br adSper
Family:

Zoarcidae

-

eelpouts

Macrozoarcesameicanus (Schneider)

J.lWubt

7\Piojeects-97O01120s4.doc
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-

ocean pout
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Table 4.2-7 Continued
Family:

Pholidae

Phofis gunnellus

-

gunnels

(Linnaeus) - rock gunnel
mackerels5

Family:

Scombridae

Family:

Stromateidae - butterfishes

-

Scomberscombns Linnaeus - Atlantic mackerel

Peprius triacanthus (Peck) - butterfish

Order: Pleuronectiformes
lefteye flounders
Family: Bothidae

Paratichthysdeatus (Linnaeus) - summer flounde r
fourspot flourmder
(Mitchill)
Parafichtlysoblongz
windowpane
Scophihalmus aquosus (Mitchill)

Family:

Pleuronectidae - righteye flounders

Hippoglosu hippoglossus (Linnaeus) - Atlantic h a libut
Pleuonectesameris Walbaum - winter flounde=
Plewuonectesfemginws (Storer) - yelowtail flounder

Order: Tetraodontiformes
Family: Balistidae - leatherjackets
Ahueususchoepfi (Walbaum) - orange filefish
Monacwuhus hipidus (Linnaeus) - planehead fil.efish
Family:

Tetraodontidae - puffers
(Bloch & Schneider) - nort hern puffer

Sphoeroides maculatus

-'A

March, 2000
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4-1
4-61

Mamh, 200

IENMR
Table 4.2-8 Estimated total angler trips, fishing effort, catch (number), and combined catch rate
for all finfish species comprising the recreational fishery at the Pilgrim Station
Shorefront,1973-1976,1983 and 1985 (Lawton etal., 1987).

No. of
aler
trips

Effort
-(hours)

Pooled
.cath

1973*

5901

12451

2181

0.17

1974

10135

19906

4129

0.21

1975

5084

9048

3022

0.33

1983*

5541

10837

4929

0.45

1985*

5664

10963

7151

0.65

Total

32325

63205

21412

0.34

Year

-

-

0'

Catch
rate (fish/Jhr)

*Abbreviated survey period

Iq

:
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Table 4.2-9 Winter flounder abundance (relative and absolute) estimates obtained by bottom trawling (depth stratified) using several
fisheries assessment methods for the Inshore waters of Cape Cod Bay in the environs of Pilgrim Nuclear Power Station within
the defined bounds of the local population, 1995-1999 (Lawton etat., 1999).

Relative

Mar-Recapture Method

Area Swept Method

(Capture Model).

.Abundance

;a Poolied
Mean
Year

:

0

:.-t

Catch Per

Adult

95% Confidence

Pooled

95% tonfidence

Adult/

Unit

(Age3+)

Limits

(all fish)

Limits

Suba&dult

Effort

Absolute

Absolute

Absolute

'Abundance

Abundance

Abundance

1998

50.5

X2989

210,637-215,341

1996

62.1

4`4-166

-31i4365-319,607

,1997
1998

199

,021

c96-

6'4112

70.8

'17627i

242,799-286,8
286

i92
7

1 , 1180,236

444,850'
jk10,306^
8

367 O'

4-63

0

506-378-5l4,235g
8-887b4

2 S88,450
5

J:~PhsVM97WProecXMO7002l1%2004.doc

437,438-452ix262.

553A330-623,57

95% ConfidA
Limits

_

,
' 164,443

142,187-190,387

2.04,429

93,053-11731i8

60. t26-37
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Table 4.2-10 Fifteen most Abundant Species at the Manomet Point Station in March and October
1991. From SAIC(1992)
SPECIES
Atlantic cod
(Gadus morhua)
Haddock.
(Melanogrammus eeglefinus)Pollock
(Pol/achius vrens) -_X
Whiting
(Merluccius bilineans)
Red hake
.
(Umphycis chuss) -_-_X._X_
White hake

EGGS

LARVAE

XI

X

JUVENILES

ADULTS

X
X

(Urohdstenuis)

X

X

X

._X__XX

Winter flounder
(Pleuronectes amencanus)
Yellowtail flounder
(Pleuronectes femyugnea)
Windowpane flounder
(Scopthawmus equosus)
American plaice
(Hiprnoglossaides pdatessoides)
Ocean pout
(Macrozoances aercanus
Atlantic halibut
Hi
ossushipotossus)
Atlantic sea swallop
(Placopecten magellanicus)
Atlanticsea herring
(Clupea harengus)
Monkfish
(Lophius americanus)
Bluefish
:

._X_

.
X

X

X

X

.

.
X

X

X

X

X

X

_
X

X
.

X
X

-

.
X

X

X
.

X
.

X

x

.

X

X

(Pomatomus saltatrix)

X

.

Long finned squid

(Lofigopealet)

l

Shortfinned squid

nra

(Ylrex Ilecebrosus)

Atlantic butterfish
(fptus tdacactghus)
Atlantic mackerel

X__

(Scornberscombms)

X

Summer flounder
(Paralchthys dentatus)

X

n/a
X

X
X

X

X_.

:
X

X

_

Scup
(Stenotomus chtysops)

nra

nla

X

X

nra_.

nra

X

X

Surf clam
(Spisula sorldissima)

-_

Spiny dogfish
(Squalus acantilas)
Bluefin tuna

(Thunnus

X

thynnus)

.

n/a = The species does not have this lifestage in its life history (dogfishl redfish), or has no EFH designation for this Efestage (squids,
surf clam, ocean quahog). With regard to the squids, the surf clam, and the ocean quahog, juvenile corresponds with pre-recruds,
and adult corresponds with recrudts inthese species' ife histories.

Source: NMFS (http:/lwwwnero.nnmfs~gov/ioIdocdwebintro.htmQ

J-VPubsrmv971Projec=s'6970021¶2OX

.doc

. ,$

4-64
46

Manch,
2000
ac,20

ENNR
Figure 4.1-1 Massachusetts and Cape Cod Bay System
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Figure 4.2-1 Phytoplankton sampling stations at the Pilgrim Power Station (A) and in the
adjacent offshore area (B) (1973-1976). (Toner, 1984a)
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Figure 4.2-2 Mean monthly densities (cells x 106 Iliter) of phytoplankton sampled In western
Cape Cod Bay and at the Pilgrim Power Station. Intake and discharge densities
averaged. (Toner, 1984a).
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Figure 4.2-3 MWRA Plankton Station Locations (Cibik et at., 1998)
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Figure 4.2-4 Abundance and Species Composition of Phytoplankton in Southern
Massachusetts Bay and Cape Cod Bay (1997) (Cibik et al., 1998)
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Figure 4.2-6 Zooplankton sampling stations at the Pilgrim Nuclear Power Station (A) and in
adjacent western Cape Cod Bay (B) (1973-1976). (Toner, 1984b)
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* Figure 4.2-6 Mean monthly densities per m3 of zooplankton in western Cape Cod Bay. Intake
and discharge densities averaged separately. (Toner, 1984b).
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Figure 4.2-7 Location of intertidal and subtidal (3.3m MLW) algae sampling stations on the
western shore of Cape Code Bay (1975-1991). (Grocki, 1984).

March, 2000
A.ntm7Prqeds7=01=.doc

4-72
472

Mardi, 200

qI

er

EKIM

Figure 4.2-8 Seasonal Fluctuations InTotal Mean Algal Biomass at the Manomet Point, Rocky Point, and Effluent Stations During Spring
and Fall Sampling Periods for the Collections Between April 1983 and October 1991 Plotted with the Monthly PNPS Capacity
Factor (MDC). (SAfC,1992)
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Figure 4.2-9 Seasonal Fluctuations In Total Mean Chondrus Biomass at the Manomet Point, Rocky Point, and Effluent Stations During
Spring and Fall Sampling Periods for the Collections Between April 1983 and October 1991 Plotted with the Monthly PNPS
Capacity Factor (MDC). (SAIC, 1992)
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Figure 4.2-10 Seasonal Fluctuations In Total Mean Phyllophora Blomass at the Manomet Point, Rocky Point, and Effluent Stations During
Spring and Fall Sampling Perlods for the Collections Between April 1983 and October 1991 Plotted with the Monthly PNPS
Capacity Factor (MDC). (SAIC, 1992)
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Figure 4.2-11 Transects and sampling stations for the benthic macrofauna study along the
Plymouth shoreline (1969-1991). (Davis and McGrath, 1984)
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Figure 4.2-12 Mean densities for Littorina fittorea at intertidal sampling locations on Rocky
Point, Effluent and Manomet Point transects, 1971-1976. (Davis & McGrath, 1984)
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Figure 4.2-13 Species Richness for the Period April 1983 through October 1991 Plotted with Monthly PNPS Capacity Factor (MDC). (SAIC,
1992)
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Figure 4.2-14 Mean densities for Mytilus edulis at Intertidal sampling locations on Rocky Point,
Effluent and Manomet Point transects, 1971-1976. (Davis & McGrath, 1984)
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Figure 4.2-15 Total Faunal Densities (Individuals per mi) for the Period April 1983 through October1991 Plotted wth the Monthly PNPS
Capacity Factor (MDC). (SAIC, 1992)
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Figure 4.2-16 Total Faunal Densities, excluding Mytilus edulls (Invidludals per i
the Monthly PNPS Capacity Factor (MDC). (SAIC, 1992)
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Figure 4.2-17 Shannon-Wlener Diversity (H1) Index for Data Excluding Mytilus edulls for the Peirod April 1983 through October 1991 Plotted
with the Monthly PNPS Capacity Factor (MDC). (SAIC, 1992)
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Figure 4.2-18 Ichthyoplankton sampling stations In Cape Cod Bay (A) and in Plymouth HarborDuxbury Bay(B) (1974-1976). (Scherer, 1984)
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Figure 4.2-19 Mean densities per 100m 3 of water for the six numerically dominant species of
larval fish In Cape Cod Bay, 1976-1976. (Scherer, 1984)
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Figure 4.2-20 Abundance and distribution of eggs and larvae for several species of fish in
Cape Cod Bay based on samplings at times of maximum occurrence (1975-1976).
(Scherer, 1984)
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Figure 42-21 Mean larval winter flounder densities, per IWOm of water, in Plymouth HarborKingston-Duxbury Bay, Plymouth Bight, and the PNPS discharge canal on five
dates, 1981. (Marine Research Inc., 1986)
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Figure 4.2-22 Mean annual winter flounder catch per tow for MDMF otter trawl stations I and 3,
1970-1981. Confidence limits (95%) are Included for each mean. (Marine
Research Inc., 1986)
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Figure 4.2-23 Fish sampling stations in the vicinity of the Pilgrim Nuclear Power Station,
western Cape Cod Bay. (Lawton etal., 1984)
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Figure 4.2-24: Catch (percent composition) of groundfish obtained by otter trawl from the
western sector of Cape Cod Bay in the vicinity of the Pilgrim Nuclear Power
Station, 1970-1982. (Lawton eta!., 1995)
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Figure 4.2-26 Mean annual catch per tow (number) of winter flounder at four stations and all
stations pooled in the Pilgrim Station area, 1982-1993. (Lawton eta!., 1994)
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Figure 4.2-26 Spring Resource Assessment Survey winter flounder abundance in Stratum 26
(less than 9.1m ) in Cape Cod Bay, 1982-1989. (Lawton et a., 1990)
Sptg Surf y AMdanc:Whter Flounder

8tratun 26 - Cape Cod Say

3'

Figure 4.2-27 Mean annual catch per tow by station for lite skate trawled in the vicinity of
Pilgrim Station, 1982-1991. (Lawton, etal., 1992)
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Figure 4.2-28 Mean annual catch per tow by station for windowpane trawled in the vicinity of
Pilgrim Station, 1982-199i. (Lawton, et a!., 1992):
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Figure 4.2-29 Spring Resource Assessment Survey little skate abundance in Stratum 26 (less
than 9.1m) In Cape Cod Bay,1982-1989. (Lawton eta!.,1990)
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Figure 4.2-30 Spring Resource Assessment Survey windowpane abundance In Stratum 26
(less than 9.1m) in Cape Code Bay, 1982-1989. (Lawton et al., 1990)
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Figure 4.2-31 Index of relative abundance (CPUE) for pooled finfish species captured near
Pilgrim Station based on 6 panels of 3.848.9 cm mesh, 1971 -1 992. (Lawton et a!.,
1993)

Figure 4.2-32 Index of relative abundance (CPUE) for pollock captured near Pilgrim Station
based on 5 panels of 3.8-8.9 cm mesh, 1971-1992. (Lawton eta!., 1993)

Figure 4.2-33 Index of relative abundance (CPUE) for striped bass captured near Pilgrim
Station based on 6 panels of 3.8-8.9 mesh, 1971-1992. (Lawton etal., 1993)
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Figure 4.244 Index of relative abundance (CPUE) for cunner captured near Pilgrim Station
based on 6 panels of 3.8-8.9 cm mesh, 1971-1992. (Lawton etal., 1993)

Figure 4.2435 Indices of relative abundance (CPUE) for Atlantic herring captured near Pilgrim
Station based on 6 panels of 3.8-8.9 cm mesh. (Lawton etal., 1992)
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Figure 4.236 Location of beach seine sampling stations in the vicinity of Pilgrim Station, 19811991. (Kelly et at., 1992)
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Figure 4.2-37 Index of relative abundance (fish per dive) for all species (pooled) observed by
divers at Pilgrim Station, 1981 to 1994. (Lawton eta!., 1995)
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Figure 4.2 38 Index of relative abundance (fish per dive) for cunner observed by divers at
Pilgrim Station, 1981 to 1994. (Lawton et al., 1995)
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Figure 4.2-39 Index of relative abundance (fish per dive) for striped bass and bluefish observed
by divers at Pilgrim Station,19881 to 1994. (Lawton etaal, 1999)
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Figure 4.2-40 Index of relative abundance (fish per dive) for tautog observed by divers at
Pilgrim Station, 1981 to 1994. (Lawton eta., 1995)
,AJdW PMR OVE
UL.f

a
a
a a
MEL1If Ii i U

WI-

go

10

E

^

we

soe2 ue sa u ew uosees. Soo

104. IQG

I=2

W4XV

Figure 4.241 Percent composition of species catch in the recreational fishery at the Pilgrim
Station Shorefront for the years 1973-1976,1983/1985 (combined). (Lawton etal.,
1987)
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Figure 4.2-42a Estimated angler catch at Pilgrim Shorefront during the fishing seasons 197375, 1983 and 1985 for mackerel, winter flounder, bluefish, and cunner. (Lawton et
al., 1987)
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Figure 4.2-42b Estimated angler catch at Pilgrim Shorefront during the fishing seasons 197375, 1983 and 1985 for tautog, code, pollock, and striped bass. (Lawton etal., 1987)
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Figure 4.2-43 The annual mean number of fish caught per compared to the average number of
anglers per day at Pilgrim Station, 1990 to 1994. (Lawton et al., 1995)
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Figure 4.2-44 Division of Marine Fisheries Winter Flounder Tagging Area. (Lawton et al., 1999)
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Figure 4.2-45 Irish Moss, Chondruscnspus
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Figure 4.2-47 Alewife, Alosa pseudoharengus
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Figure 4.2-48 Cunner, Tautogolabrus adspersus

Figure 4.2-49 Rainbow Smelt, Osmerus mordax
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Figure 4.2-60 Atlantic Silverside, Menidia menidia

Figure 4.2-61 Winter Flounder, Pseudopieuronectesamericanus
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5.0 IMPACT ASSESSMENT OF EXISTING COOLING SYSTEM
This section provides an assessment of the effects of PNPS, including an evaluation of the extent,
magnitude, and overall effects of the plume, impingement, and entrainment on the biological system.
The context of this analysis is what is considered a general decline for most dominant groundfish inthe
northwest Atlantic during the period between 1970-1996 due to anthropogenic effects such as habitat
degradation, overfishing, and pollution.
6.1

Thermal Plume Evaluation

Extensive investigations have been conducted in the past to characterize the extent of the thermal
plume associated with the PNPS discharge. Investigations have focused on both collecting in situ
temperature measurements and also using ambient data to support the development of a predictive
model of temperature change throughout the plume. By developing working numerical models,
predictions can be made while considering a variety of operating and ambient conditions.
The objectives of the thermal plume evaluation studies that have been completed in the past have
been to characterize the dimensions of the thermal plume and to assess any potential biological
impacts that may exist as a result of elevated temperatures. Two- of the most detailed thermal
investigations of the PNPS include a comprehensive investigation by the Massachusetts Institute of
Technology (MIT) in 1974 (Pagenkopf et al., 1974) and an investigation by EG&G in 1994 (EG&G,
1995). The MIT investigation included detailed surface temperature measurements sufficient to
characterize the plume, at three different times. An investigation conducted by EG&G (1995) focused
on bottom water temperature measurements to fully characterize the benthic thermal plume.
Temperature measurements were then used to validate mathematical predictions of the plume
characteristics. The results of these studies provide a complete characterization of the thermal plume.
The characterization of the thermal plume in the surface and bottom layers are discussed separately
below.
6.1.1

Surface Layer Thermal Plume Characterization

On three occasions in 1973, faculty and staff of the R.M. Parsons Laboratory at MIT conducted
temperature investigations in the immediate vicinity of the thermal discharge of PNPS. These surveys
were conducted on July 2 and 3, 1973; August 30, 1973; and November 13, 1973. The temperature
data collected during each of the three survey periods was used to develop areal and cross-sectional
temperature maps at various times throughout the tide cycles. In addition to measuring temperatures
in the receiving water, the temperature and depth in the discharge channel were also measured during
each of the three surveys. Once field data were collected, an analytical mathematical model was
March. 2000
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developed and comparisons were made between field data and model results (Pagenkopf et al.,
1974).
Average temperature values collected during the MIT investigation indicate that throughout the tidal
cycle the smallest surface isotherm areas occur between low water slack and peak flood tide and the
largest areas occur between high water slack and peak ebb tide. Though surface isotherm areas are
smaller at low tide, the discharge jet is deeper due to the high velocity and corresponding high Froude
numbers of the discharge flow. Bottom centerline temperatures were shown to be highest at low tide,
depending on the degree of jet momentum, which is directly dependent on tidal height
The thermal plume has the largest dimensions during high tide. During high fide, plume detachment
from the bottom occurs rapidly (because of the low Froude number) and the plume is essentially
located in the surface layer.
Table 5.1-1 illustrates ambient temperatures and the areas, approximate depths, and volumes
enclosed by various delta T isotherms during high tide of each of the three MIT surveys. During each
of the surveys the areas enclosed by each isotherm increases significantly as the plume temperature
approaches the ambient temperature, indicating the extent of spread of the plume across the water
surface. The depth of the plume was shown to be relatively shallow and approximately the same for
each survey, with depths ranging from 3-8 feet (0.9-2A meters). This is the result of the plume's
detachment from the bottom and subsequent surface spreading, particularly during high tide.
The study results indicate that the area for a given delta T is much larger at the higher ambient
temperature than at the lower ambient temperature. For example, the area enclosed by the 3eC
(5A4F) isotherm on August 30, 1973 is 15 times larger than the 30C (5.4AF) isotherm on November 13,
1973. This can be attributed to a lower heat exchange coefficient governing heat transfer during the
November survey than during the August survey.
As part of the MIT investigation mathematical models were used to predict the discharge plume
temperatures. High tide centerline temperatures and plume surface areas were conservatively
predicted using the both the Pritchard and the Stozenbach-Harleman models. This was performed for
both the summer and wintertime high tide data. The result, Figure 5.1-1, provides a graphical
predictive tool for describing the extent and characteristics of the thermal plume. Table 5.1-2 shows
predicted surface areas by the model coupled with measured depths and corresponding plumes
volumes encompassed by the delta T isotherms.
In fact, the models consistently underpredicted centerine temperatures of the plume resulting in a nonconservative estimate (Boston Edison Company, 1974).
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5.12

Benthic Thermal Plume Characterization

In order to accurately characterize the benthic thermal plume, an investigation was conducted by
EG&G in 1994 (EG&G, 1995). This investigation consisted of time series temperature measurements
at 59 locations in the immediate vicinity of the PNPS outfall. Thejobjective of this investigation was to
quantify the mean and time-varying bottom temperature patterns associated with the cooling water
discharge.
The results of the benthic Investigation indicate that at five different high tide surveys, there were
varying discharge'temperatures, ambient temperatures and areas occupied by given isotherms. A
summary of the benthic survey results is presented in Table 5.1-3.
The smallest temperature Increment, the 10C (1.80 F) isotherm, covered the largest area ranging from
0.61 to 1.17 acres (2,469 to 6,880 m2). The 5'C (90F) isotherm covered intermediate sized areas. The
highest temperature increment, the 90C (1620 F) isotherm, covered a much smaller area, typically less
than 0.13 acres (526 m). The highest temperatures were generally associated with calm wind
conditions suggesting that wind driven upwelling may reduce bottom temperatures by bringing warm
water to the surface for cooling. Also, low discharge temperatures were associated with reduced
power output from the plant (EG&G, 1995)
The results of the EG&G (1995) investigation were consistent with the MIT Investigation In that the
plume' was distributed through the water column during periods of low tide but remained relatively
confined to the surface during high tide. As suggested in the MIT Investigation this phenomenon is
caused by the relative momentum of the discharge jet into the ambient environment and the ability of
the ambient water body to either mix with the jet or force It to the surface.
After reviewing and analyzing the results, the following conclusions were reached (EG&G, 1995).
The discharge plume was In contact with the sea floor for significant distances only at tidal
heights below Mean Sea Level. Therefore, benthic organisms in the affected areas are
subject to alternating ambient and thermally heated water environments.
*

The maximum areal extent of the plume on the bottom, and the highest temperatures were
observed at approximately ow water slack tide.

*

The discharge plume extended outward along the bottom about 3 hours prior to low tide.
By about 1-hour prior to low tide, the plume area had reached 75% of Its maximum. After
about 1 hour after low water slack tide, the plume area declined rapidly, falling to less than
50% of the maximum.

*

The. maximum extent of the I 0C isotherm (1.80F) at low tide did not exceed 170 meters (558
feet) from the mouth of the discharge canal and the bottom width of the plume at the 1IC
Math. 2000

J.%PLd)sVnw97\Proiects\0970021\20.4JW

5-3
53

Man2h42000

0
(1.81F) isotherm reached a maximum of about 40 meters (131 feet) at a distance of 80

meters (262 feet) offshore. In addition, the direction of the plume was skewed northward.
*

The maximum area enclosed by the 1 C (1.80F) isotherm was about 12 acres (4,856 m2)
and higher isotherm areas were accordingly smaller. These areas were approximately
consistent with the denuded and stunted areas delineated In the benthic monitoring
surveys.

In addition, since the plume temperatures were strongly related to ambient environmental conditions,
and the study took place over a short time period, consideration was given to the conditions that could
be described as worst case. It was concluded that extreme bottom temperatures and plume areas
could result form a combination of spring tde conditions, coincident with unusually warm weather, and
downwelling-favorable winds. Under these conditions, it is possible that peak discharge temperatures
in excess of 380C (100iF) could occur. Taking into account the uncertainty in area measurement, a
bottom footprint approximately 4 to 7 times larger in area, is also believed to be possible under these
conditions (EG&G, 1995).
5.1.3

Biological Impacts

This section provides an overview of thermal plume effects on biota as a result of the effluent
discharged from PNPS. Thermal effluent Is the byproduct from the plants once-through cooling
system. The thermal plume creates a current as the effluent is discharged from the plant and has an
elevation in temperature of up to 30.5 0F (16.9 0C). The result of this effluent on the local marine biota
has been one of avoidance (e.g. fish), erosion (e.g. Irish moss) and enhancement (e.g. striped bass).
To assess the potential impacts from the activities of PNPS several monitoring programs have been
implemented. Initial monitoring programs were customized to establish baseline conditions to which
post-operational monitoring programs could be compared to detect potential adverse effects on the
local marine flora and fauna. Operational monitoring programs Intended to assess potential biological
effects of plume have included fish and benthic monitoring.
*

Fish sampling methods to assess plume effects have included bottom trawling, haulseining, diver observations, gill-netting, and creel surveys. Bottom trawling gear was used
to sample demersal fish species inhabiting the inshore bottom waters. Gill nets were set to
sample pelagic finfish species Inhabiting the water column, while haul seining was
employed to sample inshore finfish species. Visual transects were surveyed by divers In
complex habitat areas unable to be surveyed with sampling equipment The diver
observations were used to assess habitat seeking fish species such as the tautog and
cunner. In addition to the finfish sampling methods, recreational creel surveys were
conducted to assess the extent of the sport fisheries adjacent to PNPS.
Although the thermal plume does result in exclusion from a relatively small area of habitat for several finfish species, fish mortality as a result of the thermal plume is rare, as there
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were only two observed fish mortalities due to temperature exposure in the plume since
PNPS went online (Table 52-1). The two fish mortalities, resulting from thermal stress,
were observed on Clupeids. Both instances were observed in the mid to late 1970's and
have not been observed since. This indicates that fish mortality as a result of thermal stress
is a rare event. In addition, there is no evidence from the extensive finfish surveys of
adverse effects on fish populations as a result of the thermal plume.
Benthic monitoring has beern performed to assess the effects of the thermal plume on the
benthic community. The focus of the monitoring program since the onset of operations at
PNPS has been on benthic invertebrates and benthic macro algae. In particular an
emphasis has been placed on the Irish: moss (Chondrus -cspus), and American lobster
(Homarus amedcanus) populations in the vicinity of the plant, which are discussed in detail
in Section 5.3. In general, the monitoring program results indicate that the thermal plume
has resulted in relatively insignificant impacts on the benthic community in comparison to
local populations. Lobsters were surveyed via research and commercial trap performed
through 1993. Catch records revealed no measurable impacts from the thermal effluent, or
current created by the plume, could be construed from the data and the program was
discontinued (PATC minutes, 1993).
Qualitative visual transects performed to record Chondrus abundance showed relatively
small denuded and totally affected zones. The 'denuded zone' is the acutely impacted
area primarily as a result of the discharge current where Chondrus occurs sparingly and
only as stunted plants restricted to sides and crevices of rocks. The "totally affected zone'
includes the denuded area as well as the "stunted zone and the 'sparse zone'. Chondrus
grows on the upper surfaces of rocks In the stunted zone, but is severely reduced in size
and thallus development The sparse zone contains normal looking Chondrus plants at
very low densities (ENSR, 1999). The extent of the total affected zone to date (1998) is
limited to 1.1 acres (4,452 in2) observed in the fall of 1997, which is less than 20% of Area 5

(Figure 5.1-2; Section 5.3.1.1). The overall effect of the thermal plume on the benthic
community is negligible due to the relatively small impact area.
Thermal plume effects on RIS ire discussed in Section 5.3
52

Impact Assessment of Cooling Water Intake
5.2.1

Impingement Assessment

Impingement monitoring studies have been conducted since the initiation of station operation. Screen
washings were performed weekly to provide data for evaluating the magnitude of marine biota
impingement. Impingement.biota were sampled at PNPS for three 8-hour periods and one 24-hour
period with collections at 8-hour intervals, totaling 48 hours per week from 1973 to 1978. The
collections were distributed as four nighttime and two daytime samplings. From 1979 to the present,
J%-tksVmvgl\ProjectS\09700212OU~SS.doc
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three 8-hour periods, totaling 24 hours per week were sampling for impingement biota. These
collections included one daytime and two nighttime samplings.
PNPS has two circulating water pumps, each with two traveling water screens. At the beginning of
each collection period, all four traveling screens were washed. Eight hours later, the screens were
washed again and the organisms were collected. When screens were being washed continuously,
one hour collections were made at the end of the regular sampling period, representing two light
periods and one dark period on a weekly basis. Water nozzles directed at the screens washed
impinged organisms and debris into a sluiceway that flowed into a trap. Beginning In 1990, if all four
intake screens were not washed for a collecting period then the number of fish collected was increased
by a proportional factor to account for the unwashed screens.
Impingement data Indicates that fish impinged at PNPS are generally juveniles of larger fishes (> 300
mm (> 11.8 in) total length), and both juveniles and adults of smaller species (< 300 mm (< 11.8 in)
total length) (Lawton etat., 1984). Species composition of impingement collections was most similar to
gill net and haul seine catches and least similar to trawl catches. Most frequently impinged during the
study were young-of-the-year individuals.
There have been only 11 fish impingement Incidents of greater than 1000 ,fish since 1973 (Table
52-1). In the past ten years (1989-1998), Atlantic silversides have dominated the impingement
collections. Other species impinged in large amounts include rainbow smelt, alewife and Atlantic
herring (Table 52-2). The peak in impingement collections occurs during March/April, which is
commonly dominated by Atlantic silverside. At 100%/a yearly (January-December) operation of PNPS,
the average estimated annual impingement for 1979-1998 was 19,911 fishes. Annual impingement
rates ranged form a low of 1,143 in 1984 to a high of 87,752 fish in 1981 (Table 5.2-3). However,
several relatively large impingement incidents inflate the yearly projections and may be attributable to
sources other than the plant, such as population' variances of the dominant species and/or extreme
meteorological, or operational, conditions influencing the species' behavior or vulnerability.
Initial fish survival was determined for static (8-hour) and continuous screenwash cycles. In 1998,
impinged fish survival was 32% during static screen washes and 51% during continuous washes. As
shown in 1993-1998, fish have a noticeably higher survival rate during continuous screen washes
because of reduced exposure time to the effects of impingement For this reason, screens are
continuously washed during large impingement incidents. 'Four of the most commonly impinged
species in 1998 show survival rates of 50o% or greater. Grubby showed 82% survival, winter flounder
86%, windowpane flounder 72%, and lumpfish 63%. Other numerically dominant species Impinged in
1998 and their survival rates include alewife 8%, Atlantic siiverside 26%, rainbow smelt 22%, Atlantic
herring 0%, Atlantic menhaden 5% and blueback herring 12%.
The most commonly impinged invertebrate since 1994 was the sevenspine bay shrimp. Also common
during all five years were the iongfin squid, green crab, rock crab, and American lobster. Jellyfish
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dominated the invertebrate impingement collections in 1994, 1995 and 1997,while blue mussels
dominated in 1998. In 1998, an estimated 366 lobsters were impinged, assuming 100% operation of
PNPS. The 1998 impingement rate was comparable to the amounts impinged in previous years except for 1991-1994 when approximately 1000 lobsters/yr. were impinged.
Impingement effects on RIS are discussed in Section 5.3.
5.2.2

Entrainment Assessment

Entrainment Impacts are generally a function of (1)the proportion of cooling water withdrawn by the
station compared to the size and flow through, or exchange, rate of the source water body and (2) the
distribution of larvae in the source water body. As shown on Figure 4.2-20, the concentration of larvae
near PNPS is generally no higher than at other locations in Cape Cod Bay. Therefore, the entrainment
Impact from the station would primarily be determined by the cooling water flow rate compared to the
size and flow through rate of the source water body. For PNPS, the cooling water flow rate is 0.05%,
an insignificant proportion, of the exchange rate for Cape Cod Bay. The cooling water withdrawal rate
is also small compared to the overall size, or volume, of Cape Cod Bay. It would take more than 70
years to pass the entire volume of Cape Cod Bay through the PNPS cooling water system once,
assuming that it is a closed system, which it is not Since the mean residence time of Cape Cod Bay is
less than 14 days, the water in the bay would be completely exchanged with the ocean over 1800
times during that 70-year period. Based on this assessment, It is apparent that the entrainment
impacts of the PNPS cooling water system on the Cape Cod Bay ecosystem are insignificant
Entrainment monitoring was initiated in 1974 to assess potential impacts of ichthyoplankton and
meroplankton entrainment on the biological community. Historically, entrainment sampling was
completed twice per month in January and February, October-December and weekly from March
through September in triplicate. From 1994 to the present, three samples were taken every other
week each month in January, February and October through December. From March through
September single samples were taken three times every week in conjunction with the impingement
monitoring study. Standard mesh was 0.333-mm (0.013 in) except from late March through late May
when 0.202-mm (0.008 in) mesh was used to improve retention of larval winter flounder.
The majority of species spawning in the winter-early spring employ a reproductive strategy which relies
on demersal, adhesive eggs not normally entrained. As a result, more species are typically
represented by larvae than by eggs. Egg and larval densities, particularly among species with pelagic
eggs, typically increase form late spring to early summer, along with the expanding day length and
rising water temperature. The late summer-autumn season is typically marked by a decline in both
overall ichthyoplankotn density and number of species.
Figures 5.3-1 and 5.3-2 provide geometric mean monthly densities and annual entrainment abundance
for the eight numerically dominant egg species plus total eggs (Figure 5.3-1(a-1)) and the thirteen
Marki. 2000
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numerically dominant larval species plus total larvae (Figure 5.3-2(a-n)). The geometric mean monthly
densities encompass high and low values over the 1981-1997 period as well as 1998 values. The
annual entrainment curves represent annual abundance from 1975-1998.
The eight dominant egg species (Figure 5.3-1(a-i)) over the entire study period include Atlantic
menhaden, Atlantic cod, rockling/hake, searobin, winter flounder, Atlantic mackerel, windowpane
founder, and American plaice. Peak egg density occurred in June over the study period of 1981 to
1998. The 1998 assemblage was dominated by Atlantic menhaden (approx. 750,000 eggs) with peak
egg densities occurring in September. Other dominants included searobin (400,000 eggs) Atlantic cod
(250,000 eggs). Winter flounder (225,000 eggs) and Atlantic mackerel (200 thousand eggs) (Marine
Research Inc., 1999).
The thirteen dominant larval species (Figure 5.3-2(a-n)) over the entire study period include Atlantic
menhaden, Atlanfic herring, fourbeard rockling, hake, sculpin, snailfish, tautog, cunner, radiated
shanny, rock gunnel, sand lance,,Atlantic mackerel, and winter flounder. Highest total larvae
abundance was observed in 1981 with an arithmetic mean of approximately 50,000 larvae. Peak
-larvae density occurred in April over the study period of 1981 to 1998. The 1981 assemblage was
dominated by cunner (26,000 larvae) and Atlantic mackerel (10,000 larvae) with peak abundance
occurring in July and June, respectively (Marine Research Inc., 1999).
The 23-year mean number of species represented in entrainment collections is 38 species. Numerical
dominants during the winter-early spring include yellowtail flounder, American plaice, fourbeard
rockling, and Atlantic cod eggs along with sculpin, sand lance, and rock gunnel larvae. During the late
spring-early summer season, numerical dominants included tautog/cunner and mackerel eggs, along
with cunner, winter flounder, mackerel, rockling, hake, radiated shanny, and menhaden larvae. During
the late summer-autumn, collections consisted primarily of tautog/cunner, windowpane and
rockling/hake eggs as well as hake, rockling, cunner, Atlantic herring, windowpane, tautog and
menhaden larvae (Marine Research Inc., 1999).
Entrainment of'winter flounder, cunner and Atlantic mackerel were examined in more detail using the
equivalent adult (EA) approach. Assumptions involved with the EA method Include the assumption
that the population is in equilibrium, entrainment in the PNPS results in 100% mortality, and that no
density-dependent compensation occurs among non-entrained individuals. Winter flounder estimates
for 1998 were 5,473 and 77,428 age 3 adults based on two suites of survival values. A respective EA
estimate for cunner in 1998 amounted to 1,522,731 fish. Comparable values for 1980-1997 ranged
from 113,048 to 2,353,607 adult fish. The mean cunner EA value for the 1980-1998 time series
(428,119) represented less than one percent of an estimate of the number of cunner spawning in the
PNPS area. Winter flounder and cunner EA applications are discussed in more detail in section 7. For
Atlantic mackerel, EA estimates of 2,633 age 1 fish or 1,082 age 3 fish were obtained for 1998.
Average values of 4,214 and 1,732 age 1 and 3 fish, were obtained over the 198D-1997 time series.
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They represented 0.08% of an estimate of the number of mackerel spawning in the PNPS area
(Marine Research Inc., 1999).
No lobster larvae were collected in the 1996-1998 entrainment samples. The total entrained lobster
larvae dating back to 1974 remains at 13. The 2 lobster larvae collected in 1976 were obtained during
a more intense lobster larvae program that employed a 1-meter net, collecting relatively large sample
volumes.
Details of entrainment impacts on RIS are provided in Section 5.3.
5.3

Station Impacts on RIS
5.3.1

Irish Moss
5.3.1.1

Thermal Impact.

Benthic monitoring studies have been performed in the vicinity of PNPS since 1973. The thermal
plume does impact Irish moss; coverage but only in small, localized areas as water current scouring is
of greater stress to algal colonization than the elevation in temperature from the thermal plume. The
current primarily creates a denuded zone from scouring of the substratum, while elevated
temperatures stunts growth (Bridges and Anderson, 1984). Lawton et al. (1992) estimated in their final
report on Irish Moss that one percent of the Chondrus crsipus in Area 5 (Figure 5.1-2) has been
impacted by the discharge current, creating a relatively small denuded zone, and smaller zone of
stunted growth which created flora unfit for harvesting. The most recent assessment of the benthic
marine algae includes three qualitative algal surveys performed in 1998 illustrated in Figure 5.3-3. A
modest Chondrus recovery was observed in 1998 following the largest total affected area observed
since the onset of the algal monitoring surveys in September of 1997. The total affected Chondnrs
area in 1997 totaled greater than 4364m 2 in area (1.1 acres) extending 115 feet (35 meters) from the
discharge canal (ENSR, 1998). The denuded area encompassed 3587m 2 (0.89 acres) of the total
affected area, while the stunted and sparse zones comprised the remaining 777 m2 (0.19 acres).
Ryther eta!. (1974) estimated the size of area 5 to be 2.27 x 1 m2 (56 acres). Given that te fall of
1997 was the year with the largest total affected area of 4364m 2 (1.1 acres) to date (including 1998)
and comparing It to the size of Area 5, reveals that at most 2% of Area 5 has been impacted from the
thermal discharge since the onset of the benthic monitoring program. A mulfi-year (1981-1998)
benthic assessment recently confirmed that the impacts on Irish Moss in the discharge plume area
were minimal (Smith and Williams, 2000).
5.3.1.2

Impingement Impact

No life stages of Chondrus crispus are exposed to the effects of impingement Therefore, conditional
mortality is zero.
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5.3.1.3

Entrainment ImpacLt

Studies show Irish moss spores are entrained, but thermal impacts are expected only dun'g the late
summer when water temperatures are greatest. Thermal tolerance tests performed by Marine
Research Inc. (1975) and Michael and Wilce (1975) indicated that only a 30%/* mortality of the spores
that pass through the stations cooling system would be expected during periods of highest ambient
temperatures. It is unlikely that the loss of any spores has any effect on Irish moss coverage or density
in the Bay, since colonization is not likely to be limited by spore density. The availability of a solid
substrate is a major factor determining presence, absence and abundance of Chondrus and the blue
mussel which are superior competitors for space were prevalent In the total affected area (Figure
5.3-3). Thus, there is not a significant impact on Irish moss biomass as a result of entrainment at
PNPS; zero conditional mortality.
5.3.1A

Cumulative Impact.

No conditional mortality on Irish moss biomass is expected as a result of impingement or entrainment.
There is an impact on the Chondrus from the thermal discharge as a result of PNPS, but the impact Is
limited to a small localized area. To date, the greatest extent of the total affected area has
encompassed 4364m in area (1.1 acres) in the fall of 1997. This has resulted in a conditional
mortality of 2% of area 5 (Figure 5.1-2). In addition, non-powerplant related fluctuations in Chondnus (j5
landings were significantly larger than any changes attributable to PNPS operations (Lawton et al.,
1992).
5.32

American Lobster
5.321

Thermal Impact

The upper thermal tolerance threshold for the American lobster is 86.90F (30.5 0C) (McLeese, 1956).
Since lobster are a benthic invertebrate, a study conducted by EG&G (1995) on the temperature
maximums expected to occur in the bottom waters has been utilized to evaluate the thermal effluent
effects on this species. The maximum ambient bottom temperature observed during the EG&G
Cooling Water Discharge Bottom Temperature Study was 63.00F (172 0 C). Based on the EG&G study,
lobster would be excluded from the area enclosed by the +1620 F (90C) delta T isotherm. This would
result in a potential loss of habitat of less than .12 acres (518m) during perods of highest ambient
water temperature (late summer - early fall). Based on research trap catch data performed through
1993, no measurable impacts from the thermal effluent or current created by the plume could be
construed from the data (Lawton et al., 1994). Zero conditional mortality from the thermal plume is
expected on the American lobster.
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Impingement Impact

Since 1990, an estimated average of 673 American lobsters have been impinged per year at the plant
(Table 5.3-1). The highest Impingement rate occurred in 1993 when 1184 American lobsters were
estimated to be impinged (Table 5.3-1). This Is a conservative estimate as It assumes the plant was
operating under 100%/6 capacity. In 1997 commercial lobster landings for Plymouth, Massachusetts
and statewide Massachusetts collected within territorial waters (excluding seasonal license holders)
totaled 844,998 and 8,426,308 pounds (383,285 and 3,822,109 kg) respectively (Pava et al., 1997).
Assuming 100% mortality from impingement and a weight of one pound for each lobster, impinged
lobsters are .08%o of the commercial lobster fishery landings at Plymouth and.01% of the
Massachusetts landings based on the average 1990 - 1998 impingement rate. A worst case
assumption using the highest annual impingement rate of 1184 in 1993 would result in .14 and .01
percent of Plymouth and statewide Massachusetts landings respectively. Several lobster fishery
regulations are in effect to closely monitor the lobster catch and maintain a sustainable fishery so that
commercial landings data would substitute as a conservative estimate of the Massachusetts lobster
population. As a result, no impacts are expected from impingement on the Massachusetts lobster
population since less than 02% conditional mortality Is a result of impingement in comparison to
Plymouth and statewide landings statisitics.
5.32.3

Entrainment Impact.

Since 1974 only thirteen lobster larvae have been collected in entrainment samples collected at PNPS
and zero since 1995. These low numbers of entrainment indicate no significant impact on the Cape
Cod Bay lobster population. Assuming one lobster per year lost due to entrainment, this is only
.0001% of the commercial landings for Plymouth, Massachusetts.
5.32A4

Cumulative Impact.

No significant impacts on the lobster population are expected as a result of activities at PNPS.
Conditional mortality impacts as a result of impingement and entrainment combined are much less
than one percent Zero conditional mortality is expected from the thermal plume effects. Lobster
monitoring was terminated in 1993, as no measurable impact was reported (PATC minutes, 1993
report).

-5.3.3

Winter Flounder
5.3.3.1

Thermal impact.

The upper thermal tolerance threshold for winter flounder is 860 F (300C) (Huntsman and Sparks,
1924). Since winter flounder are a benthic fish species, a more relevant study conducted by EG&G
(1995) on the temperature maximums expected to occur in the bottom waters has been utilized to
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evaluate the thermal effects on this species. Maximum ambient bottom temperature observed during
the EG&G Cooling Water Discharge Bottom Temperature Study was 63.00F (172 0 C). Based on the
EG&G study, winter flounder would be excluded from the area enclosed by the + 162 0 F (9°C) delta T
isotherm. This would result In a potential loss of habitat of less than .12 acres (518m2 ) during periods
of highest ambient water temperature (late summer - early fall). As juveniles have a higher tolerance
for elevated temperatures (Buckley, 1989) the potential exclusion area would be even less than for
adults and for an even shorter duration.
Historically, there has been no observed winter flounder mortality as a direct result of the thermal
plume (Lawton, 1999). Winter flounder mortality is riot expected as a result of the thermal discharge as
winter flounder are mobile and will avoid the immediate area of the thermal discharge when
temperatures approach their thermal tolerance limits in the summer or early fall. It should be expected
that resident populations In the vicinity of PNPS during the summer and early fall (when maximum
temperatures would be expected to occur), should be reduced since winter flounder generally migrate
to cooler deeper waters when inshore waters exceed 590 F (150C) (McCracken, 1963; Howe and
Coates, 1975). Thus, the potential loss of habitat would be for a reduced population. In summary, no
mortality to winter flounder Is expected from the thermal plume.
5.3.32

Impingement Impact

Juvenile and adult winter flounder are commonly impinged at the PNPS but in relatively low numbers in
relation to their estimated population size. Impingement of winter flounder occurs year round, but
primarily Inwinter and spring. Annual numbers of winter flounder impinged during the monitoring study
at PNPS for the years 1980 - 1998 are'presented in Table 5.3-2. Projected annual fish impingement
rates were calculated assuming 100%/6 operation of PNPS under conditions at the time of impingement
(Lawton, 1999). Impingement monitoring data from 1995 to 1998 was used to calculate an average
annual impingement rate of the winter flounder for comparison with available population estimates for
those years. Based on this monitoring data (Table 5.3-2) the projected average annual impingement
rate for the winter flounder is 1113 fish per year.
An area swept population estimate was conducted for the winter flounder using bottom trawl data
collected by MADMF in a defined study area of western Cape Cod Bay (Figure 42-44). Winter
flounder adult and pooled juveniles and adults) abundance was estimated for 1995 - 1999 and is
presented in Table 42-16. Average pooled Juveniles and adults) abundance for 1995 - 1998 is
606,623 in the study area. The pooled population abundance estimates were used in this estimate as
juvenile winter flounder (4 years old) are generally impinged at much higher rates than adults. Based
on the projected average annual impingement rate of 1,113 winter flounder, there would be a 2%
reduction in the pooled winter flounder population in the study area as a result of impingement.

JqVWe7Oe21MO105.dWc

5-12

Mad,2=0

ENMR
5.3.3.3

Entrainment Impact

Entrainment monitoring has been conducted at PNPS since 1974 and has been the principal subject of
several focused studies. Winter flounder eggs and larvae have been detected in entrainment samples
at PNPS since the onset of the monitoring program in 1974 (Table 5.3-3). These early life stages of
winter flounder are detected primarily from January through August with peak dominance between
April and June (Marine Research Inc., 1999). Only a small amount of winter flounder eggs are
entrained at PNPS because they are demersal and adhesive. Therefore, to estimate the impact of
entrainment on the adult equivalent winter flounder population, winter flounder eggs were not included
as they are generally not susceptible to power plant entrainment (Lawton etaaL, 1999).
The geometric mean monthly densities of winter flounder larvae per WOOm3 of water collected in the
PNPS discharge canal are illustrated in Figure 5.3-2m. Annual high and low values for 1981-1997 are
represented by the shaded area, while the solid line represents 1998 values. The mean monthly
densiffes were multiplied by the maximum plant flow rates over each respective period of occurrence to
obtain an estimate of the annual number of larvae entrained at PNPS. The estimated number of larval
winter flounder entrained at the PNPS annually between 1980 and 1998 are presented in Table 5.3-4.
The numbers entrained are grouped by larval stage as described by Marine Research Inc. (1999).
Three procedures, Stone and Webster Model, Equivalent Adult (EA) analysis and the RAMAS model,
have been applied to the entrainment data to evaluate the significance of the loss of larvae from
entrainment on the adult winter flounder population. In the previous 316 Demonstration, Stone and
Webster (1977) evaluated the potential station impacts on the winter flounder larvae as a result of
entrainment and impingement using a winter flounder life cycle model. This model was derived from a
Ricker stock recruitment (r-s) function for winter flounder based on the model developed by Hess et al.
(1975). The Ricker function was used to estimate the number of age-1 fish produced in Cape Cod Bay
by the number of eggs spawned the previous year. Potential power plant related effects on the winter
flounder were then assessed by simulating the population over a 40 year period without any station
related effects and comparing this population with a simulated population with adjustments In mortality
rates for entrainment and impingement (Stone and Webster, 1977). Stone and Webster (1977)
concluded that after 40 years of entrainment and Impingement effects from Unit 1 operations at PNPS,
a 3% reduction in population Is expected. This percentage should be a conservative estimate of the
effect on the adult population, as the population was considered a closed population. The dosed
population assumes that there is no migration between other flounder populations. The dosed
population also assumes that the winter flounder population exposed to the impacts of entrainment is
the same winter flounder population exposed to the Impacts of impingement.
In the EA methodology, estimated survival rates of larval winter flounder to the age of first reproduction
(age 3), are compared to larval entrainment rates to obtain a number of reproducing adults that would
have entered the population If not for the impacts of entrainment at PNPS (Marine Research Inc.,
1999). Two approaches were used to derive the EA number. In the general, or Unstaged approach,
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an estimate of the number of eggs that hatched was derived from the number of larvae entrained
based on NEP (1978). Various survival rates were then applied on the newly hatched egg until it
reached age three. In the second method, the Staged approach, stage-specific larval survival rates
derived from NUSCO (1993) were applied to the winter flounder larval entrainment data.
It should be noted that several conservative assumptions were applied to obtain the estimated number
of larvae entrained by the plant to ensure a very conservative estimate (or worst case scenario) rather
than an underestimate for EA (Marine Research Inc., 1999). For example, 100% mortality of the
larvae from entrainment was assumed although 73% (n=1 1, Marine Research Inc., 1982) survival has
been recorded for winter flounder ichthyoplankton. No density dependent compensation was
assumed. PNPS was assumed to operate at full capacity year-round and mean entrainment densities
were over-estimated by using the arithmetic mean (as opposed to the geometric mean) for sampling
dates when three replicates were collected (Marine Research Inc., 1999).
Results from the EA methodology are presented in Table 5.3-4. EA estimated losses were significantly
different between the two EA approaches used to obtain this estimate. The large differences in the two
EA procedures illustrate how relatively small variations in survival rates can result In large variations In
EA numbers when applied to large numbers of larvae (Marine Research Inc., 1999). EA losses
obtained from the Unstaged approach ranged between 217 in 1987 to 5,473 in 1998. The average EA
loss based on data obtained from 1980 to 1998 using the Unstaged method was 1,288. However, EA
losses obtained from the Staged approach ranged between 2,619 in 1987 to 77,428 in 1998. The
average EA loss based on data obtained from 1980 to 1998 using the Staged method was 13,621
(Marine Research Inc., 1999).
Using the adult winter flounder population estimate performed by MADMF for the study area in Cape
Cod Bay (Figure 42-44), an estimate was developed of the losses to the adult population from the EA
as a result of entrainment. Area-swept population estimates are presented in Table 4.2-16. The
average population in the study area based on annual estimates for 1995 through 1998 is 277,187
adult winter flounder. The average number of EA winter flounder entrained over the same period
(1995 - 1998) is 2,720 and 37,402 for the Unstaged and Staged approach respectively (Table 5.3-4).
These numbers equate to approximately a 1% loss to the adult population based on the Unstaged EA
methodology and a 14% loss to the adult population based on the Staged EA methodology. Data
averaged from 1995 through 1998 were used since all data were available for each component for
these years. For 1998 data, the year with the highest record of larval entrainment for the study (Marine
Research Inc., 1999), EA losses of 5,473 (Unstaged) and 77,428 (Staged) equates to a 2.1% and
29.24% loss to the estimated 1998 adult population respectively. The year 1999 was an outage year
(every other year) with RFO #12 occurring during the May/June time-frame (0 to 1) circulating pump
operating) and consequently relatively few winter flounder larvae entrained resulting in insignificant
impacts.
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Another approach used to estimate larval entrainment impacts to the winter flounder population, a
stage-structured (RAMAS) model was derived from a Ricker stock recruitment (r-s) function for winter
flounder. The Ricker function was used to estimate the number of age-1 fish produced in Cape Cod
Bay by the number of eggs spawned the previous year. The number of age-1 fish removed as a result
of entrainment was then estimated using stage-specific larval survival rates (Marine Research Inc.,
1999). These estimates were introduced to the base model, which simulated a stable winter flounder
population not subject to the effects of entrainment. The base model was developed using winter
flounder population estimates for western Cape Cod Bay, which arose from an area-swept density
studies performed by DMF from 1995 - 1999 (See Figure 4.2-44). In the RAMAS model the Ricker
function was adjusted until a stable adult population of about 300,000 (300K base) winter flounder was
obtained based on the mean adult population of 293,300 winter flounder from 1997 and 1998
population estimates (Marine Research Inc., 1999). The same approach was used to obtain a 254,000
(254K base) stable adult population based on the mean adult population of 254,300 winter flounder
from 1997 - 1999 population estimates.
Results from the Marine Research Inc. (1999) RAMAS model vary depending on the entrainment rates
used in the model and are illustrated in Figure 5.34(a&b) and 5.3-5(a&b). Using average annual larval
entrainment data collected between 1980 and 1999, a 4.3% decline in the 300K base population would
result Using the 254K base population instead results in a 4.5% loss. If the years of low entrainment
(1984, 1987, and 1999- due to periods of outage) and the two years of high entrainment (1997,1998)
were removed from the average, a lower decline of 2.3% and 32% In the 300K and the 254K base
populations would occur respectively. It should be noted that the same conservative estimates that
went into the EA approaches stated above were also included in the RAMAS model with the exception
that the RAMAS model used actual plant operating capacity for years prior to 1999. Also, both the EA
and RAMAS modeling methods use the winter flounder population estimates In the vicinity of PNPS
generated by the area-swept approach. As discussed below the appropriateness of using the
population for the comparison is uncertain.
The adult winter flounder population used for the comparison in the EA and RAMAS model discussed
above Is that obtained from area-swept trawling studies discussed in Section 42.52. The areas used
for these studies was determined based on an assumption that winter flounder larvae entrained at
PNPS originate predominately in the PHKDB estuary and the offshore shelf region from the Estuary to
Manomet Point (Figure 42-44). A modeling study (Lawton et al., 1999) determined that the winter
flounder larvae that are transported to PNPS originated in the study area illustrated in Figure 42-20.
There Is considerable uncertainty with this assumption and the corresponding population used for
comparison. Winter flounder larvae and eggs are distributed throughout Cape Cod Bay with varying
densities (Figure 4.2-20). Higher densities of eggs and larvae are associated with Barnstable,
Wellfleet, and PHKDB estuaries (Scherer, 1984) although tidal fluxes and currents disperse the
ichthyoplankton throughout the bay. Currents enter Cape Cod Bay along the northwestern shore and
generally follow a counter clockwise flow, although the intensity of this current is increased during flood
tide and decreased during the ebb tidal cycle (Davis, 1984).
Ma
JAPLb*mVJT%"ec&==1WOOWS.doc

5-15
5-15

2000

Manrc, 2=)

EM¶,
As discussed in Section 4.1, there is a net current and transport along the shore of Massachusetts and
Cape Cod Bays that ranges from 2-8 cm/s (1.1-4.3 mi/day). Based on this information over the 45 to
60 day time period of winter flounder larvae development, water is typically transported - particularly
during the spring freshet - from the Gulf of Maine down into and through the entire Massachusetts and
Cape Cod Bay system. This indicates that winter flounder larvae entrained at PNPS could conceivably
originate as far away as the Gulf of Maine. There are retention mechanisms that tend to limit the
transport of larvae, so larvae might not be transported to the maximum extent as neutrally buoyant
particles in this flow. However, based on the potential transport, i is likely that winter flounder larvae
entrained at PNPS originate from further - perhaps much further - than the area used in the population
estimate. This is supported by the percentage of various larval stages entrained. On average,
between 1980 and 1998, greater than 50% of the winter flounder larvae entrained at PNPS are stage 3
compared to 14% stage 1-and 30% stage 2. The higher proportion of stage 3 larval supports the
concept of larval transport over a large-scale area in the Massachusetts and Cape Cod Bays system.
Also, it should be noted that the population of larvae passing by PNPS that is not entrained will be
largely transported down to Cape Cod Bay. Thus, the adult winter flounder population affected by
entrainment is possibly-perhaps likely- the population in Cape Cod Bay, not the population located
from the PHKDB estuary to PNPS.
Comparison of power plant losses to an annual commercial catch is often of some interest and
usefulness. Winter flounder commercial landings data for Area 514 which encompasses Cape Cod
Bay and Massachusetts Bay, and Massachusetts recreational landings data are presented in the Table
5.3-5 for 1982 - 1997 and used as an additional comparative measure to evaluate the estimated EA
losses. Average annual landings for the winter flounder using commercial data from 1982 through
1997 is 1,557,365 (706,409 kg) (Lawton et al., 1999). Assuming an average weight of 0.6 pound per
fish, the average estimated loss due to entrainment is 685 (Unstaged) or 6,361 (Staged) EA fish
representing 0.04 or 0.4% of the commercial landings. Combining recreational data with the
commercial data for the same timeframe results in average total landings data of 2,281,327 pounds
(1,034,793 kg). The EA only represent 0.03 (Unstaged) or 0.3% (Staged) of the combined total winter
flounder landings (commercial and recreational). Recreational data is based on all winter flounder
landings reported within 3 miles of Massachusetts coastline, data is not available for the specific study
area. In addition, the significant decline in commercial landings data observed after 1993, as a result
in part to increased fishing restrictions and stock declines (Lawton et al., 1999), reduces the validity of
using these data sets in comparison to data collected at PNPS. For example, in 1998 commercial
landings for Area 514 were 501 pounds (227 kg) of winter flounder (Table 5.3-5). At 0.6 pound per
fish, the estimated number of EA fish lost as a result of entrainment exceeds the estimated 835 winter
flounder caught in the commercial landings compared to the Staged model and the EA estimated in
the Unstaged model represent 82% of the commercial landings. Drawing comparisons from EA
mortality as a result of larval entrainment at PNPS with commercial and recreational data may not be a
realistic measure of evaluation (Lawton eta!., 1999).
Another method for evaluating the impact of larval entrainment was performed by MIT in the mid1970's by determining the percentage of larval entrained by the plant compared to the larval transport
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flux in Cape Cod Bay past the station or to the pool of larvae available for entrainment. Modeling efforts
made by MIT in the mid-1970's were based primarily on hydrodynamics and the mathematical models
include the effects of transport on winter flounder larvae from tides, currents and wind during the first
phase of the model. During the second phase of the model, field data collected by MRI were used to
verify the results of the model. In both the firt and second phase of the MIT modeling study the
largest reduction in recruitment was estimated to be 0.08% for Unit 1 operations. This percentage
should be a conservative estimate of the effect on the adult population, as no compensation is
considered.
In addition, Marine Research Inc. (1978) developed a model estimating the effects of entrainment by
estimating the fraction of original larval production in PHKDB, which accounted for the portion of the
larvae that were entrained at PNPS. This approach estimated that 0.7 to .22% of the larvae produced
in PHKDB were entrained at PNPS.
There is considerable uncertainty over the degree of impact of entrainment at PNPS on the adult
winter flounder populaton of Cape Cod Bay. The 1997 and 1998 EA estimates compared to the
MADMF area-swept population estimates would indicate a potential for significant impact However,
several modeling studies including those by Pagenkopf (1974), Stone and Webster (1974), Marine
Research Inc. (1978) and Marine Research Inc. (1999) provide estirriates that only 0.08 to 4.5% stock
reduction would result from the impacts of entrainment under average conditions. Also as noted above,
there Is substantial uncertainty associated with the extent of the adult winter flounder population that is
affected by the entrainment losses. In summary, the conditional mortality from entrainment is
uncertain, but is likely less than 5%. As a result of the uncertainties, additional field studies are being
conducted to assess winter flounder larvae densities in Cape Cod Bay for comparison with density of
entrained larvae.
5.3.3A

Cumulative Impact

No Impacts are expected from the thermal discharge or Impingement because mortality as a result of
the effluent is rare and relatively few juvenile and adult winter flounder are impinged (2% of pooled
population). The only potential for significant impact on the adult winter flounder population Is from
entrainment of larvae. Even for entrainment, the potential for impact is relatively low, less than 5%.
5.3A

Rainbow Smelt
5.3.4.1

Thermal Impact.

In comparison to the maximum monthly mean intake temperature of 67.3`F (19.6 0C) observed
between 1989 and 1998 at PNPS (Table 4.1-1), and utilizing the low end of the thermal tolerance
threshold of 71OF (21.7C) for the rainbow smelt, smelt would be excluded from the +3.6 0 F (200) delta
T during high tide and the period of highest ambient temperature (late summer/early fall) as described
"WV7oecG700
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in Section 5.1 of this report The +3.60F (200) delta T encompasses 1000 acres (4 km) during high tide.
Kt is important to note that this would be a worst case scenario. The thermal plume is generally limited
to the surface layer (approximately 5 feet/1.5 meters) and smelt are not limited to the surface waters.
The depth at the +3.6 0F (20C) delta T isotherm is 42 feet (12.8 meters) limiting the thermal plume to
and excluding the rainbow smelt from only I8M of the water column. Based on the EG&G bottom
water field studies, the +3.6 0F (20C) isotherm will only encompass up to 1.2 acres (4,856 n9) of the
bottom water during the period of highest ambient bottom water temperature (low fide).
As mentioned previously, the highest mean ambient temperature in Cape Cod Bay of 67.3eF (19.60C)
was only observed once in the last 10 years during August of 1995 (Table 4.1 -1). The second highest
monthly mean intake temperature observed was 64.70F (182 0 C) observed during August of 1990
(Table 4.1-1). This would reduce the area that rainbow smelt would be excluded from to the 5.4eF
(30C) delta T encompassing only 400 acres (1.6 km2).
It is important to note that the highest mean ambient temperature In Cape Cod Bay of 67.3PF (19.60C)
observed during August of 1995 (Table 4.1-1) already approaches the low end of the thermal tolerance
threshold of 710F (21.7rC) for the rainbow smelt without the addition of the thermal plume at PNPS.
Optimum temperature for rainbow smelt is between 45 and 60.10F (72 and 15.60C) (Scott and
Crossman 1973), implying that during highest ambient temperatures, rainbow smelt would opt for the
deeper cooler bottom waters. Rainbow smelt may avoid the thermal plume as temperatures approach
their thermal tolerance limit, but no mortality impacts are expected on the rainbow smelt population as
a result of the thermal discharge.
5.3A2

Impingement Impact.

Rainbow smelt are one of the most commonly impinged fish species at PNPS although the magnitude
of the impingement has fluctuated over the years (Table 5.3-6). Rainbow smelt are primarily impinged
during the late fallhWinter period (Lawton et a)., 1999). In 1998, rainbow smelt accounted for 6.8% of
the fish species impinged. Since the onset of impingement monitoring at PNPS three large
impingement incidents of rainbow smelt have occurred in 1978, 1993, and 1994. In isolation, these
impingement Incidents did not have a significant impact on the local population but declining stock
sizes during the late 1980's and early 1990's from a wide range of anthropogenic effects increased the
significance of the latter two impingement Incidents.
Annual numbers of rainbow smelt impinged during the monitoring study at PNPS for the years 1980 1998 are presented in Table 5.3-6. Projected annual fish impingement rates were calculated assuming
100% operation of PNPS under conditions at the time of impingement (Lawton et a)., 1999). Based on
this monitoring, the projected average annual impingement rate for the rainbow smelt is 1,959 fish per
year. The highest rainbow smelt impingement was in 1994 with a projected estimate of 10,;44 fish.
Most recent estimates of the rainbow smelt spawning stock size (age Ž2) of 4,200,000 were provided
for the 1980 spawning run in the Jones River (Lawton et a!, 1990). Based on the projected average
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annual impingement rate of 1,959 and the highest estimated impingement rate of 10,644 rainbow
smelt, there would be a 0.05% or a 025% reduction respectively, In the 1980 spawning stock
population as a result of impingement. Taking into account rainbow smelt declines in the late 1980's
and early 1990's this estimate is assumed to have increased. Since current rainbow smelt spawning
stock size estimates are not available, a conservative increase in conditional mortality of 0.5% - 2.5%
is estimated as a result of impingement This conservative increase is ten times larger than the
conditional mortality estimation based on the most recent spawning stock size and conservative
Impingement rates estimated assuming PNPS was operating, under 100%h capacity.
Since rainbow smelt have little commercial value, commercial catch data are limited. The commercial
catch'data underestimates the population of smelts because they are not a target commercial species
and are therefore not accounted for in most commercial catches. The most recent catch for rainbow
smelt covers the period from 1987 to 1993 (Table 5.3-7) where an average of 3,000 pounds (1,361 kg)
of smelt were landed in Massachusetts (NMFS, 2000) ranging from 900 pounds (408 kg) in 1989 to
13,200 pounds (5,987 kg) (in 1991. Given the 19-year average impingement rate of rainbow smelt as
1,959 fish per year and assuming each smelt weighs 3 ounces (0.19 lb) (Rook, E.J., 1999), an average
of 329 pounds (149 kg) of smelt were entrained at PNPS. This corresponds to 12%/o of the average
commercial catch. Using maximum impingement numbers recorded for monitoring year 1994, 66% of
the average commercial catch were Impinged. As mentioned earlier, the use of these commercial
statistics is not justified and potential impacts are skewed very high since the commercial fishing
industry for rainbow smelt is virtually nonexistent.
5.3A.3

Entrainment Impact.

In the entrainment monitoring samples collected at PNPS since 1975, early life stages of rainbow smelt
have been detected in spring, primarily between April and June (Table 5.3-3) No significant impact is
expected on rainbow smelt- as a result of entrainment of early life stages. Any rainbow smelt eggs
entrained at PNPS are expected to have already expired due to ambient salinity conditions in Cape
Cod Bay. Rainbow smelt larvae are'detected In entrainment samples collected at PNPS, although not
every year (Table 6.3-3) and In relatively low numbers. Larvae detected in the entrainment samples at
PNPS are expected to have originated from the Jones River and carried'to the PHKDB estuary
following hatching. Larvae are negatively phototactic and predominately found in the bottom waters.
This behavior reduces the amount of larvae flushed out of the estuary and carried by current to the
PNPS on ebbing tides (Lawton etal., 1995).
Estimated annual larvae entrainment rates are presented in Table 5.3-8 for 1989 through 1998
averaging 125,853 larvae per year over 10 years. Rainbow smelt eggs have not been detected since
1989 and smelt larvae were not detected in 1990, 1991 Sand 1996 during entrainment monitoring at
PNPS. Rainbow smelt EA were estimated using 1) average estimated annual entrainment values, 2)
egg survival rates and 3) fecundity estimates.. Assuming an egg survival rate of 0.31% to 3.6%
(Lawton et al, 1990), an estimated 40,597,848 to 3,495,926 eggs would be required to produce the
5-9Mrc,20
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12,853 average estimated amount of entrained larvae. Using the estimated average fecundity for-the
Jones River female spawning population of 31,400 eggs (which corresponds to a two-year old fish)
(Lawton et a!., 1990), 111 to 1,293 age two adults would have produced the larvae entrained at PNPS
annually. Assuming a compensation of one recruit per adult to the local smelt population, would result
in an average annual loss of 111 to 1,293 individuals to the adult population each year or a 0.003 0.3% annual reduction in the 1980 spawning stock size of 42 million.
In the Stone and Webster (1977) Supplemental 316 Demonstration Report, rainbow smelt larvae
survivorship was estimated from larvae to age-6 fish. Since the predominant age to first reproduction
for rainbow smelt is age 2 (Lawton etal., 1990), survival estimates are provided for the number of fish
estimated to survive to reproduce (age-1). The survival rate for smelt larvae to age 1 fish Is estimated
-to be 0.070%/0 and the survival rate for age-1 fish to age-2 fish was also 0.070% (Stone and Webster,
1977). Based on the estimated average annual entrainment rate of 125,853 smelt larvae, an estimated
0.06 smelt would survive annually to age of first reproduction (age-2). This corresponds to 0.000001%
of the 1980 smelt spawning stock size of 42 million.
Taking into account rainbow smelt declines in the late 1980's and early 1990's the estimate of
conditional mortality is assumed to have increased. Since current rainbow smelt spawning stock size
estimates are not available, a conservative increase by a factor of ten in conditional mortality is
assumed, Increasing the annual reduction to 0.03-3% based on the EA analysis; and 0.00001% to age
of first reproduction using Stone and Webster's (1977) life stage survival rates.
5.3AA

Cumulative Impact

The potential for significant mortality impacts on the rainbow smelt population is from impingement of
juvenile smelt and entrainment of rainbow smelt larvae. The thermal effluent does not present a
significant impact on the local rainbow smelt population. The thermal plume may exclude rainbow
smelt from the immediate vicinity of the plume during highest ambient conditions, but rainbow smelt
are expected to avoid the plume If conditions are unfavorable (Lawton etal., 1990). Cumulative annual
conditional mortality as a result of potential impingement and entrainment Is at most 5.5%. This
estimate is relatively low in comparison to the average annual mortality rate of 72°% of adult smelt
estimated for the Parker River, Massachusetts (Lawton et al., 1990).
5.3.5

Cunner
5.3.5.1

Thermal Impact

Kinne (1970) determined upper lethal temperatures for adult cunner to be 842 to 860 F (29 to 30°C)
when acclimated at 64.4 to 71.61F (18 to 220C) and 77 to 78.80F (25 to 260C) when acclimated at 33.8
to 37.40 F (1 to 30C). The preferred temperature for adults,' determined by Bigelow & Schroeder
(1953), was 32 - 720 F (0 - 22.20C). Haugaard & Iving (1943) determined upper lethal temperatures for
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juvenile cunner to be 82.4 - 8421F (28 - 290C) when acclimated to 64.4 - 71O.6F (18 - 220C) and 77 78.80F (25 to 260C) when acclimated to 33.8 - 37.40 F (1 - 30C). Preferred temperatures for cunner
larvae range from 50.90F (10.50 C) in a Long Island Sound study (Perlmutter, 1939) to 760 F (24.40C) in
a Narragansett Bay study (Herman, 1963).
Spawning occurs from late spring to summer in water temperatures between 55 and 7201F (12.8 and
22.20C). Serchuk (1972) determined that spawning can occur at temperatures up to 85.40F (29.70C) in
the Weweantic River, Massachusetts.
The- maximum ambient bottom water temperature observed during the EG&G Cooling Water
Discharge Bottom Temperature Study was 17.30C (63.10'F). The maximum bottom temperatures
experienced near the PNPS discharge location in August 1994 was 26.30C (79.30F). The estimated
maximum area covered by a bottom water delta T of +16.21F (90C) is 518 m2 (0.13 acres). Since the
estimated bottom water temperature discharged from the PNPS is less than the lethal temperature of
juvenile and adult cunner (82.4 and 842 0F/29 and 280C), cunner are not expected to be affected by
the bottom water thermal plume. However, it Isexpected that cunner would avoid approximately 1,516
m2 (0.37 acres) along the bottom In the immediate area of the discharge, due to temperature
preference. Spawning, which occurs in waters ranging from 55 - 72TF (12.8 -22.20C), would also be
excluded from 1,516 m2 (0.37 acres) along the bottom In the area of the discharge.
Since cunner appear to congregate along the breakwater of the discharge canal (extending
approximately 30 meters (98 feet) from shore), the extent of habitat loss would be confined to the inner
sides of the breakwater along the discharge jetty (approximately 60 meters/197 feet). However, it is
possible that the construction of the breakwater has increased the cunner population beyond that
which would have naturally occurred in the area. Cunner have a small home range and aggregate in
rocky areas, such as that provided by the breakwater. The breakwater provides ideal habitat for
cunner, thereby promoting the settlement of cunner in the area and resulting in an artificially high

density (Lawton etal., 2000).
Cunner mortality as a direct'result of the thermal plume has never been reported. 'Since cunner
predominate in the summer and fall, the resident population In the vicinity of PNPS (particularly along
the Inner side of the discharge breakwater) may be reduced due to loss of habitat during the late
summer when temperatures exceed the cunner thermal tolerance levels. However, cunner mortality is
not expected as a result of the thermal discharge as cunner will avoid the immediate area of the
thermal discharge when temperatures approach their thermal tolerance limits in the late summer.
5.3.52

Impingement Impact.

Projected fish impingement rates were calculated assuming 100% operation of'PNPS, under
conditions at the times of impingement, during the period January - December 1989-1998. The annual
impingement rate was calculated during January-December from 1989-1998. Collection rates were
J.-\PdWamgrPMIOCts\O97OMlN2WdS.doC
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reported as number/hour and further extrapolated to number/year. An average of 165 cunner per year
were impinged at the PNPS (Table 5.3-9). Cunner was the dominant species in impingement
collections at PNPS in only one year, 1980. Numbers impinged appeared to systematically decline
from 1980 to the late 1990's. The number impinged annually dropped from a high of 116 to a low of 2
in 1988, then increased through 1995 to a new high of 288. The impingement totals for 1997 (39) and
-1998 (76) were significantly lower compared to previous years. The average annual impingement rate
of the cunner was compared with available population estimates.
Mark and recapture sampling was conducted to estimate the population of cunner in the vicinity of
PNPS. The short-term (2 to 3 months) mark and recapture sampling assumed a closed population
and utilized the CAPTURE program for analysis. Multiple census mark-and-recapture methodology
and the Schumacher-Eschmeyer closed model population estimates (Krebs, 1989) for adult cunner (2
110 cm) in 1992 for a portion of the local population off the outer breakwater at PNPS, was 4,976
(Lawton et al., 2000). In 1992, 34 cunner were impinged at PNPS (Table 5.3-9). Based on the
projected impingement rate, a 0.7% reduction in the cunner population would) result from impingement
at PNPS.
Tagging studies were conducted during the 1994 and 1995 seasons to estimate the size of the cunner
population in the immediate PNPS area. Estimates were highly localized since indsndual unner have
a very small home range measured on the order of 100 m2 (0.02 acres) or less (Pottle and Green,
1979). The Schumacher-Eschmeyer closed model was used to estimate the adult cunner population
( o90
mm) in the vicinity of.the PNPS. The estimated population size for the outer breakwater and
intake areas combined were 7,408 and 9,300 for 1994 and 1995, respectively (Lawton etaL, 2000). In
1994, 190 cunner were impinged at PNPS while 288 cunner were impinged In 1995 (Table 5.3-9).
Based on the projected impingement rates, a 2.6% and 3.1% reduction in the cunner population would
result from Impingement in 1994 and 1995 respectively.
Although cunner is not considered a commercially important species, limited commercial landing data
does exist Cunner were accounted for in commercial landings data from NMFS (2000) for every year
from 1989 to 1998 with the exception of 1990 (Table 5.3-10). From 1991 to 1998, the average
commercial landings of cunner was 520 pounds (236 kg). Given that the average weight of cunner
impinged at PNPS from 1991 to 1998 is 28 grams (0.06 pounds), and the annual average number of
cunner impinged from 1991 to 1998 is 145 fish (4060 grams/8.95 pounds), the number of impinged
cunner at PNPS is 0.02%/ of the commercial catch over the period 1991 to 1998.
The tagging and mark and recapture estimates are probably conservative due to various conservative
assumptions made in the calculations and the inability to obtain a representative population sample in
the field. The reduction in population is based on the assumption of 100% mortality of impinged fish.
However, cunner have an average rate of survival of 43% over the ten-year period from 1989-1998
with survival rates ranging from 0 to 67%. The population of impinged cunner is also assumed to
consist entirely of adult fish. However, given that the average total length of cunner impinged at PNPS
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from 1989-1998 is 97.2 mm (3.8 in) and the adult cunner generally does not exceed 310 mm (12.2 in)
(Bigelow & Schroeder 1953; Uem and Scott, 1966), some juveniles may also be impinged.
The estimated conditional mortality to the adult cunner population due to impingement is less than 3%,
based on the tagging studies performed by DMR (Lawton et at, 2000).
5.3.5.3

Entrainment Impact.

Entrainment monitoring has been conducted at PNPS since 1974. Since the cunner eggs are buoyant
and the larvae are planktonic, both are subject to entrainment at PNPS. Entrainment of cunner eggs
was high in the mid-70's but appeared to be in a downward trend from the late 1970s through 1994.
The downward trend noted through 1994 is consistent with finfish observations In the PNPS area as
well as impingement collections (Lawton et al., 1995). Since 1994, entrainment has generally been
higher with occasional very high densities skewing the results (Marine Research Inc., 1999). Larval
cunner were relatively abundant in PNPS entrainment samples in 1998, in numbers that were
comparable to or exceeded the previous high records established in 1981. Labrid eggs dominated the
1998 egg entrainment sampling with 4,341,665,000 eggs while cunner dominated the larval
entrainment samples with 370,217,000 larvae (Marine Research Inc., 1999).
An EA method was applied to the estimated riumber of cunner eggs and larvae entrained at PNPS
(Marine Research Inc., 1999). The EA methodology applies estimated survival rates to numbers of
eggs and larvae lost to entrainment to obtain a number of adult fish which might have entered the local
populations had entrainment not occurred. Goodyear's (1978) basic procedures were used to estimate
equivalent adult values. This method converted number of eggs and larvae to numbers of fish at age
of sexual maturity, which occurs for approximately half the population at age 1. Assuming all labrid
eggs were cunner eggs in PNPS entrainment samples, cunner larva: egg ratios were determined from
PNPS samples to provide an estimate of survival from egg to larva. 'Mesh correction values were first
applied to both eggs and larvae. Larval cunner mesh values were then applied to stage 1 and stage 2
larvae. From 1980 to 1998, the larva/egg rato ranged from 0.001284 to 0.128812 and averaged
0.030480. Based on the PNPS area fecundity study (Nitschke, 1997), 50% of age 1 females were
assumed to be mature, and complete recruitment was assumed by age 2. Following Goodyear (1978),
an average lifetime fecundity of 21,656 eggs per female at age 1 was calculated (Marine Research
Inc., 1998). Utilizing the survival estimate for eggs to larvae and average lifetime fecundity, a survival
estimate for larvae to adult of 3.03E-3 was obtained. Converting the number of eggs to larvae utilizing
the larvae/egg ratio and then converting numbers of larvae to adult produced an estimate of 1,522,731
cunner potentially lost to entrainment effects in 1998. Comparable values for 1980-1997 ranged from
113,048 (1991) to 2,353,607 (1981) adults averaging 474,279 over the 19-year period (Table 5.3-11
and Figure 5.3-6).
As discussed above, cunner populations were estimated using commercial catch data, tagging studies
and mark and recapture sampling. The average annual number of cunner entrained at PNPS from
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1991 to 1998 (457,481 adult equivalents = 28,240 pounds/12,809 kg) exceeds the average
commercial catch (520 pounds/236 kg) from 1991 to 1998, therefore commercial landing data can not
be used to accurately assess the effect of cunner entrainment at PNPS.
Tagging studies conducted during the 1994 and 1995 seasons for the outer breakwater and intake
areas combined estimated the population size at 7,408 and 9,300, respectively (Lawton et a., 2000).
In 1994, 174,170 adult equivalent cunner were entrained at PNPS while 523,000 adult equivalent
cunner were entrained in 1995 (Table 5.3-11). Based on the entrainment estimates, the amount of
adult equivalents calculated from the entrainment of cunner eggs and larvae significantly exceeds the
local population estimate of cunner in the vicinity of PNPS
The mark and recapture population estimate for a portion of the local population off the outer
breakwater at PNPS in 1992 was 4,976 (Lawton et al., 2000). In 1992, 209,300 adult equivalent
cunner were entrained at PNPS (Table-5.3-11). The mark and recapture data and corresponding
population estimate for 1992 Is not sufficient for comparison to adult equivalents entrained at PNPS.
The adult equivalent estimate of entrained cunner significantly exceeds the population estimate.
Since the commercial landings data for cunner and the estimates of local population are not
appropriate for comparison with EA estimates, calculations were performed to estimate the number of
adult cunner, which would be necessary to produce the number of eggs, found in the PNPS area
(Marine Research Inc., 1999). Labrid egg densities were obtained from five Cape Cod Bay sampling
stations near PNPS In 1975 and integrated over time using the mean density of the five stations. The
integrated values were multiplied by 1.40 to account for extrusion through the 0.505-mm (0.02 in)
mesh used in the survey, then by the sector volume. The resulting value was divided by 22, the
estimated incubation time in days for cunner eggs (Johansen, 1925), then divided by 30,230, an
estimate of mean annual fecundity per female derived from Nitschke (1997) and Marine Research Inc.
(1998). Lastly, the resulting value was multiplied by 2 assuming an even sex ratio. These calculations
resulted in an estimated production of 6.899E12 eggs by an estimated 207,473,000 adult fish (Marine
Research Inc., 1998). The loss of 1,522,731 adults in 1998 due to PNPS operation represents 0.7%/6 of
the estimated spawning stock. The annual mean loss of 529,461 fish, including 1998, represents
0.26% of the stock estimate.
The assumptions involved with the EA procedure include: 1) the fish population Is in equilibrium, 2) no
eggs or larvae survive entrainment, and 3) no density dependent compensation occurs among nonentrained individuals, although survival has been demonstrated for some species such as the eggs of
labrids (45%; Marine Research Inc., 1978). The latter two assumptions result in an overestimation of
plant impacts. PNPS was also assumed to be operating at full-flow capacity year round.
Recruitment studies were conducted to assess the effects of PNPS entrainment on cunner densities
(Lawton et at., 2000). The studies were performed from July through November for 1995-1997.
Recruitment success was defined at the density of age-O recruits having survived to the end of the
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recruitment season and just before recruits went into winter torpor. Recruitment was greatest in 1997
and lowest in 1996. It appears that entrainment at PNPS matches up well with the area's recruitment
levels: 1997 = 99.6 million larvae entrained, 1996 = 17 million larvae entrained and 1995 = 47 million
larvae entrained. The 1996 entrainment values are significantly lower than 1995 and 1997 values
possibly due to severe weather conditions that interfered with sampling. Recruitment was also
analyzed spatially, with samples taken at three locations, one near the PNPS discharge and two others
away from the plant (Rocky Point and White Horse Beach). Each year, densities at the discharge site
exceeded those at Rocky Point and White Horse Beach. The results of the recruitment study appear
to indicate that cunner entrainment is dependent on the local larval densities and does not appear to
significantly affect the long-term recruitment success of the cunner population.
Based on the previously described population model, the estimated conditional mortality of cunner due
to entrainment is less than 1%.
5.3Z5A

Cumulative Impact.

No mortality Is expected to result from the thermal plume, as the cunner will avoid the areas in the
vicinity of the PNPS that exceed their thermal tolerance level. Uttle Impact resulting from impingement
is expected. Impacts due to impingement and subsequent decrease in the local cunner population is
expected to range from 0.02% to 3.1 %. The potential impact on the regional adult cunner population
by entrainment is also low. A decrease in the adult cunner population due to entrainment is estimated
at approximately 026%h. Results indicate that the adult segment of the populations is localized and
potential adverse effects of the plant would have more of a consequence to the population's stability.
5.3.6

Alewife
5.3.6.1

Thermal Impact

Utile Information about the temperature tolerance of juvenile and adult alewives exists. According to
studies performed by Huntsman (1946), alewives are able to tolerate temperatures up to 88.60 F
(31.4-C). Studies performed by Stanley & Colby (1971), indicate that the lethal temperature for an
adult alewife Is 87.80 F (310C). The preferred temperature ranges between 680F (280C) and 710F
(21.70C), with avoidance occurring at temperatures greater than 760F (24.40C) (Meldrin & Gift, 1971).
The egg development and the spawning process, which would not take place in the vicinity of PNPS,
are slightly less tolerant. Spawning ceases when water temperatures exceed 270C (80.68F) (Edsall,
1970). Edsall (1970) observed that the percent of eggs that hatched was related to temperature, with
maximum hatching success at about 600F (15.60C). An upper lethal temperature of 29.70C (85.50F)
was reported for alewife eggs from the Hudson River, NY (Kellogg, 1982).
The average ambient intake temperature from 1989-1998, is 60.6F J16 0C) in August The maximum
monthly mean was observed in August of 1995 at 67.30 F (200C). An increase in surface water
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temperature of 1620 F (90C) is experienced 2 acres (8,094 mi2) immediately surrounding the discharge
in the summer during high tide, leading to a average surface water temperature of 76.80F (250C) or
83.50 F (29 0C) based on the maximum observed temperature (Table 5.12). The maximum temperature
estimated to be discharged from the PNPS in the summer is less than the maximum temperature
tolerated by alewives (88.6 0F131.40C). It does however, fall within the range of temperatures that
alewives would avoid (> 760 F424.40 C). An increase in surface water temperature of 10.80F (60C) is
experienced 20 acres (80,937 n2) immediately surrounding the discharge in the summer during high
tide, leading to a average surface water temperature of 71.4 0F (220C) or 78.1 OF (260C) based on the
maximum observed temperature. During the late summer when water temperatures are at their
highest, alewives are expected to avoid the 20 acres (80,937 m2) in the surface layer surrounding the
discharge location during high tide.
The maximum ambient bottom temperature observed during the EG&G Cooling Water Discharge
Bottom Temperature Study was 63.10F (17.30C). The estimated maximum bottom temperatures
experienced near the discharge location in August 1994 was 26.30C (79.30F) during low tide. The
estimated temperature discharged from the PNPS is less than the lethal temperature of alewives and
only slightly exceeds the avoidance temperature. It is estimated that alewives would be excluded from
approximately 518 m2 (0.18 acres) along the bottom In the immediate area of the discharge during low
fide.
Alewife mortality as a direct result of the thermal plume has never been reported. Alewife are found in
the vicinity of PNPS from late spring to late fall. It is expected that the alewife population would be most
affected by the thermal plume in the late summer. The population in the immediate vicinity of PNPS
outfall may be reduced due to loss of habitat during the late summer when temperatures exceed the
alewife thermal tolerance levels. However, alewife mortality is not expected as a result of the thermal
discharge as alewife will avoid the immediate area of the thermal discharge when temperatures
approach their thermal tolerance limits.
5.3.62

Impingement Impact.

Projected fish impingement rates were calculated assuming 100% operation of Pilgrim Nuclear Power
Station, under conditions at the times of impingement, during the period January - December 19891998. Table 5.2-2 presents the annual impingement of the 10 most abundant fishes, including
alewives, from PNPS intake screens during January-December from 1989-1998. Collection rates were
reported as number/hour and further extrapolated to number/year. An average of 3,034 alewives per
year were impinged at the PNPS from 1989-1998. A relatively high impingement of alewives occurred
at PNPS in September of 1995 when an estimated 13,100 impingement incident occurred. Large
impingement incidents of alewives have been uncommon in recent years at PNPS. In 1998,
approximately 200 individuals were impinged.
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Although the commercial value of alewife has decreased significantly since the first half of the century,
commercial landings, data is available for comparison with impinged fish numbers (Table 5.3-12).
Commercial landings of alewives in Massachusetts (NMFS, 2000) peaked in 1958 with 33,815,000
pounds (15,338,230 kg) of alewives landed. In 1989, 256,000 pounds (116,120 kg) of fish were
landed. However, this was followed by a steep decline in the 1990's in which only 20,000 pounds
(9,072 kg) were landed annually. No commercial landings were recorded from 1994 to 1996 and
1998. In 1997. only 180 pounds (81.6 kg) of alewives were recorded. The average commercial landing
of alewives from 1990 to 1993 was 19,650 pounds (8,913 kg). Given that the average weight of alewife
impinged at PNPS from 1990 to 1993 was 10.5 grams (0.023 pounds), and the annual average
number of alewives impinged from 1990 to 1993 is 600 fish (6300 grams/14'pounds), the number of
impinged alewives in 1990-1993 represents 0.07% of the 1990-1993 commercial landings. The 19891998 annual impingement average represents 0.3% of the 1990-1993 commercial landings.
Additional studies in which alewives were collected Included gill net surveys, otter trawls and beach
haul seines. The gill net surveys performed by Lawton etal. (1984), indicated that alewives accounted
for 11% of the total gill net catch, however, only relative abundance was provided. Alewives were also
present in the bottom water otter trawls but in relatively small amounts (Lawton et at., 1984). An
alewife population estimate using data from the beach haul seine survey was calculated (Kelly et al.,
1992). Alewives were ranked in the top three fish netted In the haul seine survey In 1983 and 1985. A
population estimate, using data from 1983 and 1985, covering the area shaded in Figure 42-44
yielded 1.81 x le alewives. The impingement of an average 3,034 alewives annually represents a
0.017% reduction in alewife population.
Estimates made regarding the reduction in alewife population size are conservative. The reduction in
population is based on the assumption of 100% mortality of impinged fish. However, the average
survival rate of alewives over the ten-year period (1989-1998) was 30%, with rates ranging from 8%
(1998) to 67% (1997). The population of alewives impinged at PNPS Is also assumed to consist
entirely of adults, however juveniles are also likely Included in the impingement total.
The calculated conditional mortality due to impingement indicates an insignificant impact on the alewife
population (c0.02%h).
6.3.6.3

Entrainment Impact

Alewives spawn In freshwater (i.e. rivers) and eggs are demersal. Once the eggs harden, they
become pelagic but remain In the river until the juvenile stage. In most Atlantic coastal populations,
young-of-the-year alewives emigrate from freshwater between June and November (Mullen et al.,
1986).
Studies conducted from 1974 to 1976 predicted the entrainment of very few alewives at PNPS (Stone
and Webster, 1977). The largest entrainment predicted for PNPS operation was 2.8958 x 105 larvae in
March. 2000
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1974. Extrapolation of larvae lost through entrainment to adults lost was made using the following
equation (Stone and Webster, 1977): Na = Si Ni , where Na is the number of adults that would have
resulted, SI is the suMval from larvae to adult and N1 is the number of affected larvae. Calculation of
entrainment impact was made by assuming the average fecundity as 229,000, the sex ratio is 1 to 1,
that alewives reproduce three times in their life and the survival of eggs to larvae is no less than 1 in 10
(Edsall, 1970). The calculated number of adults expected to be lost due to entrainment at PNPS is 9
alewives/year.
Entrainment collections have been performed at PNPS since 1974. Alewife eggs and larvae have
rarely been found in the entrainment studies performed at PNPS. Six occurrences of entrainment of
Alosa spp. larvae have been recorded at PNPS since 1975 (Table 5.3-3). Alosa spp. eggs have never
been observed in the entrainment samples at PNPS. Alosa spp. larvae were found in entrainment
samples from May to July in 1976, 1977, 1979, 1985 and 1996. Juveniles were observed in
entrainment samples in 1978 and 1990 (Marine Research Inc., 1999).
As discussed above, the average annual commercial catch from 1990-1993 was 19,650 pounds (8,913
kg). Entrainment of 9 EA alewives represents 0.001% of the commercial landings.
An alewife population estimate was calculated using data from the beach haul seine survey (Kelly et
al., 1992). A population estimate, using data from 1983 and 1985, covering the area shaded in Figure
4.244 yielded 1.81 x 107 alewives.
The expected number of adults lost to entrainment (9
alewives/year) represents a 0.0000467% reduction in the alewife population..
Relatively low entrainment rates and annual variability in the presence of entrainment samples
indicates that conditional mortality due to entrainment is an insignificant impact on the alewife
population (< 0.00005%/6).
53.6A

Cumulative Impact

No morality is expected to result from the thermal plume, as the alewife will avoid the areas in the
vicinity of the PNPS that exceed their thermal tolerance level. There does exist the potential for impact
due to impingement but when compared to population estimates, the expected decrease is less than
0.02%. Impact due to entrainment is expected to be insignificant because of the relative absence of
alewives in entrainment samples. Estimates of alewife entrainment indicate that less than a 0.00005%
reduction In the alewife population would result from entrainment.
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5.3.7

Atlantic silverside
5.3.7.1

Thermal Impact

Pearce (1969) recorded an upper lethal temperature of 320C (900 F) for Atlantic silversides collected
from the Cape Cod Canal, Massachusetts. In a study done by Engstrom and Kirkwood (1974), adult
silversides were able to tolerate temperatures up to 880 F (31.1 0C) but preferred temperatures ranging
from 39.6 to 802'F (4.2 to 26.80C) (Warfel and Merniman, 1944). Adult mortality resulted when
temperatures reached 900 F (32.20 C) (Fairbanks et al., 1971; Pearce, 1969, Pearce et al., 1968).
Juvenile silversides tolerated water temperatures between 370 F (30 C) and 880 F (31 'C), and preferred
a temperature range of 640 F (180C) to 770 F (251C) (Dovel, 1971). In a study performed by Hoff &
Westman (1966), juvenile silversides were able to tolerate temperatures up to 90.50 F (32.50C). Eggs of
Atlantic silverside tolerated water temperatures as low as 590 F J156C), but hatched larvae died within
24 hours unless warmer water was encountered. Temperatures as high as 86°F (300C) were also
tolerated by eggs and yielded viable larvae (Austin et al., 1975). Larvae preferred temperatures
ranging from 52.8°F to 74.8°F (11.6 to 23.8°C) (Perlmutter, 1939). Optimal spawning temperatures
ranged from 55A to 86°F (13 0 C to 30°C) in a coastal New Hampshire study (Banner and Hayes,
1996).
The maximum average ambient intake temperature over the ten year period (1989-1998) is 60.60 F
(16°C) in August The maximum monthly mean was observed in August of 1995 at 67.30 F (200C).
Adult silversides begin to suffer temperature related mortality at approximately 90°F (3220C), which is
considerably higher than the maximum temperatures expected in the vicinity of the PNPS discharge.
The temperatures expected in the vicinity of PNPS fall within the range of preferred temperatures for
the juvenile silverside (64-770 F/1 7.8-250C).
Atlantic silverside mortality and habitat loss are not expected as a result of the thermal discharge at
PNPS.
5.3.72

Impingement Impact

Projected fish impingement rates were calculated assuming 100% operation of PNPS, under
conditions at the times of impingement, during the period January - December 1989-1998. Table 52-2
presents the annual impingement of the 10 most abundant fishes, including Atlantic silversides, from
PNPS intake screens during January-December from 1989-1998. Collection rates were reported as
number/hour and further extrapolated to number/year. Atlantic silversides are the most commonly
impinged species at PNPS. Peak fish impingement occurs In March/April and is commonly dominated
by Atlantic silversides. An average of 10,128 silversides per year was impinged at the PNPS from
1989-1998. Atlantic silversides was the dominant species in impingement in 1989, 1990, 1992, 1994,
1996, 1997 and 1998. Relatively high impingement incidents of silversides occurred at PNPS in
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March/April 1979, September 1981, November 1994 and December 1994. Numbers impinged were
low in the early 1990's (1,700 - 1989) but steadily climbed and peaked in 1994 (37,000). Since 1994,
silverside impingement has decreased (5,900 - 1998). The average annual impingement rate of the
silverside was compared with available population estimates. During the summer, when silverside
abundance inshore is high, impingement is low at PNPS. Silverside impingement is highest at PNPS
during the colder months of November through April, when their abundance inshore is relatively low.
Impingement is believed to occur on adult siversides that overwinter in the intake area. Reduced
metabolism and mobility due to cold temperatures most likely explains their susceptibility to
impingement (Kelly etal., 1992).
Since silversides have little commercial value, comparisons with commercial catch is limited. The
commercial catch data underestimates the population of silversides because silversides are not of
commercial value and are therefore not accounted for in most commercial catches. The most recent
commercial catch data is from 1988 (Table 5.3-13) In which 2,800 pounds of silversides were landed in
Massachusetts (NMFS, 2000). Given that the average impingement of silversides is 10,128 per year
and each silverside weighs 0.009 Ibs (4.1 g), 22.3 pounds (10 kg) of silversides are annually impinged
at PNPS. Impingement at PNPS represents 0.8% of the silverside commercial landings.
Additional studies in which silversides were collected and population estimates were made include
beach haul seine studies conducted from 1981 to 1991. The Atlantic silverside was the dominant
species in the seine catch, comprising 67%h of the grand total. A maximum number of silversides were
caught in 1983 (23,025) (Kelly et al., 1992). A population estimate, covering the area shaded in Figure
4.2-44 yielded 2.24 x I0C silversides. The impingement of an average 10,128 silversides annually
represents a 0.0045% reduction in alewife population.
The calculated conditional mortality due to Impingement indicates an insignificant impact on the
silverside population (<0.005%/6). This conclusion is supported by the fact that silversides are shortlived and prolific.
5.3.7.3

Entrainment Impact

Entrainment monitoring has been conducted at PNPS since 1974. Since silverside spawning occurs in
shallow water where eggs are deposited in strands that cling to vegetation, there is little potential for
entrainment From 1975 to 1998, Menidia spp. have been Identified in the entrainment samples in all
years except 1975 and 1997. The majority of Menidia collected were larvae, with only three
occurrences of egg entrainment Menidia mnenidia, in particular, were collected in the entrainment
samples from 1975-1977,1983,1991, and 1993.
The entrainment impact of silverside eggs and larvae was estimated in the 1977 Supplemental 316
Demonstration (Stone & Webster, 1977) using an EA estimate. The equivalent number of adults was
estimated by assuming the fecundity is 300 eggs per female, and that I in 10 eggs hatch (Bayliff,
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1950). The following formula was used to determine the number of adults lost through entrainment
no. adults lost = (no. larvae entrained * 2/F*E) + (no. eggs entrained * 2/F), where F is the fecundity
and E is the survivorship of eggs to larvae.
Using the formula presented in the 1977 Supplemental 316 Demonstration (Stone & Webster, 1977),
the equivalent number of adults entrained at PNPS was estimated with recent entrainment data
collected between 1989 and 1998. The average entrainment of Menidia sp. from 1989-1998 was
estimated at 15,209 eggs and 394,340 larvae. Assuming that all Menidia sp. are actually Menidia
menidia, the number of silversides expected to be lost to entrainment at PNPS is 26,391 adults per
year.
As discussed above, 2,800 pounds (1,270 kg) of silversides were landed in Massachusetts in 1988
(NMFS, 2000). Given that the 1989 - 1998 average entrainment of adult silversides is 26,391 per year
and each silverside weighs 0.009 lbs (4.1 g), 238 pounds (108 kg} of EA silversides are annually
entrained at PNPS. Entrainment represents 8.5% of the commercial silverside landings.
A silverside population estimate was calculated using data from the beach haul seine survey (Kelly et
al., 1992). A population estimate, covering the area shaded in Figure 42-44 yielded 224 x 108
silversides. The expected number of adults lost to entrainment (26,391 silversideslyear) represents a
0.01% reduction in the silverside population.
The calculated conditional mortality due to entrainment indicates an insignificant Impact on the
silverside population (0.01%). This conclusion is supported by the fact that silversides are shortlived
and prolific.
5.3.7A

Cumulative Impact

No significant impacts on the silverside population are expected as a result of activities at PNPS. No
mortality is expected to result from the thermal plume, as the thermal tolerance of the silversides
exceeds the temperature of water discharged from PNPS. Impact due to impingement is expected to
be insignificant (<0.005%) because silversides are short-lived, prolific and likely have a large base
population. There does exist the potential for impact due to entrainment but when compared to
population estimates, the expected decrease is less than 0.01%.
5A

Intake Impacts on EFH Species

.5.A.1

Atlantic cod (Gadus morhua)

The average estimated impingement rate of the Atlantic cod is 28 Individuals per year (Table 5.4-1).
The maximum estimated annual impingement rate calculated at PNPS since 1989 was 76 individuals.
The Atlantic cod are not detected in impingement monitoring samples every year at PNPS. Atlantic cod
JAPLjbSVMV9rPMjeCtSXOMM1=ft5.dOC

5-31

MaUc 200

EKR2
were only detected in 6 out of the 10 monitoring years analyzed for this evaluation (1989 - 1998). The
relatively low impingement rates observed for the Atlantic cod and the annual variability of their
presence in the impingement samples indicates that no impacts as a result of impingement are
expected on any cod life stages.
The average number of estimated cod eggs and larvae entrained annually at PNPS between 1989 and
1998 is 3,454,327 and 955,466 respectively (Table 5.4-1). Cod eggs and larvae were observed every
year between 1989 and 1998 primarily during the months of November and December (Table 5.3-3).
Estimated annual entrainment rates ranged between 1,268,748 and 8,542,922 eggs and 119,436 and
2,369,255 larvae. The average fecundity of a 51 cm (20 in) female Is 200,000 eggs (Scott and Scott,
1988). The entrainment of cod eggs is not relatively high in comparison to fecundity, since it would
require only 18 females to produce the estimated average of eggs entrained at PNPS annually.
Given the importance of the Atlantic cod to the commercial fishing industry, the entrainment of Atlantic
cod has been examined in more detail dating back to 1980 using the equivalent adult (EA) approach
(MRI, 2000 per comm). Adult cod reach sexual maturity between ages two and four (Mayo and
O'Brien, 1998). In 1999, an estimated 6 age-2 EA fish were entrained at PNPS. Average estimated
adult equivalent (age-2) entrained between the 1980-1998 was 13 fish (Table 5.42). Comparison of
power plant losses to an annual commercial catch is often of some interest and usefulness, although
relatively recent restrictions placed on the cod fishery have reduced landings substantially. Assuming
an average weight of 2.0 lbs per fish, the 1980-1997 average EA estimates of 13 fish represents only
0.00013% of the commercial landings for Massachusetts in 1998. Since the entrainment of Atlantic
cod larvae and eggs at PNPS is estimated to represent less than 0.00013% of the commercial
landings in Massachusetts Bay, no significant impact due to entrainment is expected on the Atlantic
cod population.
5A.2

Haddock (Melanogrammus aeglefinus)

Haddock have not been observed in impingement monitoring conducted at PNPS between 1989 and
1998 (Table 5A-1). Thus, no impacts as a result of impingement are expected on any haddock life
stages.
The average number of estimated haddock eggs and larvae entrained annually at PNPS between
1989 and 1998 is 14,013 and 17,889 respectively (Table 5.4-1). The annual entrainment numbers
estimated at PNPS ranged between 0 and 89,926 eggs and 0 and 178,892 larvae. Haddock eggs
were only observed once between 1989 and 1998 and haddock larvae were only observed four of the
ten years of entrainment monitoring evaluated, between April and July (Table 5.3-3). Average and
maximum haddock entrainment rates are relatively low in comparison to the average fecundity of
850,000 eggs per 55 cm (22 in) female (Brown, 1998) since it would only require less than one female
haddock to produce the estimated number of entrained eggs. Thus, entrainment of haddock eggs and
larvae is not expected to have a significant impact on haddock populations.
Mam 2000
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5.4.3

Pollock (Pollachius virens)

The average estimated impingement rate of pollock is 22 individuals per year (Table 5.4-1). The
estimated annual impingement rate calculated at PNPS ranged from 0 to 78 fish between 1989 and
1998. The pollock are not detected in impingement monitoring samples every year at PNPS. Pollock
were only detected in 6 out of the 10 monitoring years analyzed for this evaluation (1989 - 1998),. The
relatively low impingement rates estimated for the pollock and annual variability of their presence in the
impingement samples indicates that no impacts as a result of impingement are expected on any
pollock life stages.
The average number of estimated pollock eggs and larvae entrained annually at PNPS between 1989
and 1998 is 26,044 and 47,364 respectively (Table 5.4-1). Pollock eggs were only observed twice
between 1989 and 1998 and pollock larvae were only observed four of the ten years of entrainment
monitoring evaluated. Early life stages of pollock are observed in entrainment monitoring samples
between December through June {Table 5.3-3). Estimated annual entrainment rates ranged between 0
and 158,288 eggs and 0 and 255,635 larvae. A female pollock produces an average of 250,000 eggs
(Bigelow and Schroeder, 1953). The entrainment of pollock eggs is not relatively high in comparison to
fecundity, since the estimated average and maximum of eggs entrained at PNPS annually, is less than
the average number of eggs one mature female produces annually. Average and maximum larval
entrainment rates are relatively low in comparison to other species larval entrainment rates.
In addition, Bigelow and Schroeder (1953) determined that pollock spawn at the mouth of
Massachusetts Bay and Stellwagen Basin. This observation supports the suggestion that the density
distribution of pollock eggs (Figure 4.2-20f) indicate that the pollock spawning grounds are primarily
located outside of Cape Cod Bay and the densities observed in the Bay are a combination of
development time and transport from wind and currents (Scherer, 1984). Thus, entrainment of pollock
eggs and larvae is not expected to have a significant impact on pollock populations. Thus, it can be
assumed that the pollock early life stages observed in the entrainment samples at PNPS are spawned
from a larger pool of pollock distributed throughout the Gulf of Maine and Massachusetts Bay, and not
from a localized population inside of Cape Cod Bay.
5.4.4

Silver hake (Whiting; Merluccius bilineartis)

The average estimated impingement rate of the silver hake (whiting) Is 59 individuals per year (Table
5.4-1). It Is important to note that this estimate Is very conservative since all the unidentified hake spp.
impinged at PNPS were included in the number of each hake species impinged (i.e. white, red, and
silver hake). The silver hake has been detected in impingement monitoring samples every year at
PNPS evaluated for this study, but In relatively low numbers. Between 1989 and 1998, silver hake
impingement ranged from an estimated 10 to 154 individuals annually. The relatively low impingement
rates estimated for the silver hake indicates that no impacts as a result of impingement are expected
on any silver hake life stages. I
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The average number of estimated silver hake eggs and larvae entrained annually at PNPS between
1989 and 1998 is 2,559,847 and 1,818,857 respectively (Table 5.4-1). It is important to note that this is
a conservative estimate because scup (Stenotomus chtysops) and weakfish (Pseudotolithes typus)
eggs were difficult to identify to species level and as a result were included with silver hake egg
estimates. Silver hake eggs and larvae were observed every year between 1989 and 1998, primarily
during the months of May and June (Table 5.3-3). Estimated annual entrainment rates ranged between
324,346 and 4,508,020 eggs and between 301,297 and 7,643,222 larvae. A female silver hake
spawns between 230,000 and 1,600,000 eggs (NMFS) The entrainment of silver hake eggs is not
relatively high in comparison to fecundity, since the estimated average eggs entrained at PNPS
indicate that only 11-17 spawning females would have produced all of the estimated entrained eggs.
The estimated average annual entrainment of silver hake larvae Is not exceedingly high in comparison
to other species larval entrainment rates indicated on Table 5.4-1.
5A.5

Red hake (Urophycis chuss)

The average estimated impingement rate of the red hake is 82 individuals per year (Table 5.4-1). This
estimate is very conservative since all the unidentified hake spp.;impinged at PNPS were included in
the number of each hake species impinged (Le. white, red, and silver hake). The red hake has been
detected in impingement monitoring samples' nine out of the last 10 years at PNPS evaluated for this
study, but in relatively low numbers. Between 1989 and 1998, red hake Impingement ranged from an
estimated 0 to 182 individuals annually. The relatively low impingement rates estimated for the red
hake indicates that no impacts as a result of impingement are expected on any red hake life stages.
The average number of estimated red hake eggs and larvae entrained annually at PNPS between
1989 and 1998 is 44,888,797 and 20,515,219 respectively (Table 5.4-1). This is an extreme
overestimate of hake larvae and eggs for two reasons: 1) Urophycis eggs and larvae were not
identified to-species thus all Urophycis spp. were assumed to be red hake; and 2) early stage
Urophyfcis spp. eggs were indistinguishable from early stage fourbeard rockling eggs and early stage
butterfish eggs. Therefore, to calculate the proportion of early stage eggs out of the pool of unknown
eggs that may belong to hakes, the percentage of later stage hake eggs to the total amount of later
stage eggs entrained was calculated. This percentage of later stage hake eggs was applied to the
number of unidentified early stage eggs. Each portion (number) of eggs was then added to the total
number of identified eggs entrained for each taxa. Hake eggs and larvae were observed every year
between 1989 and 1998, primarily during the months of August and September (Table 5.3-3).
Estimated annual entrainment rates ranged between 10,369,797 and 106,525,345 eggs and between
2,897,551 and 70,278,367 larvae. The estimated average annual entrainment of red hake eggs and
larvae is relatively high in comparison to other species larval entrainment rates, but is considered an
over estimate since there is more than one species contributing to the pool of early life stages.
In comparson to the fecundity of the female red hake which ranges between 156,637 and 3,000,000
eggs for fish agei to age-7 fish (Saila, 1997), the entrainment of red hake eggs is not relatively high.
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The estimated average eggs entrained at PNPS Indicate that only 14287 spawning females would
have produced all of the estimated entrained eggs, assuming conservatively that all eggs entrained
belong to the red hake.
In addition, according to Sosebee (1998), the primary spawning grounds are located on the southern
edge of Georges Bank and off of the southern New England coast, therefore It can be assumed that
the eggs and larvae that develop from these prime spawning grounds do not enter into Cape Cod Bay.
5A.6

White hake (Urophycis tenuis)

The average estimated impingement rate of the white hake Is 30 individuals per year (Table 5.41).
This estimate Is very conservative since all the unidentified hake spp. impinged at PNPS were included
in the number of each hake species impinged (Le. white, red, and silver hake). Only one white hake
was identified (to species level) In the Impingement monitoring samples out of the last ten years at
PNPS. Between 1989 and 1998, white hake impingement ranged from an estimated 0 to 104
individuals annually. The relatively low impingement rates estimated for the white hake and annual
variability'of their presence in the impingement samples indicates that no impacts as a result of
impingement are expected on any white hake life stages.
The average number of estimated white hake eggs and larvae entrained annually at PNPS between
1989 and 1998 is 44,888,797 and 20,515,219 respectively (Table 5.41). This is an extreme
overestimate of hake larvae and eggs for two reasons: 1) Urophycis eggs and larvae were not
identified to species thus all Urophycis spp. were assumed to be white hake; and 2) early stage
Urophycis spp. eggs were'indistinguishable from early stage fourbeard rockling eggs and early stage
butterfish eggs. Therefore, to calculate the proportion of early stage eggs out of the pool of unknown
eggs that may belong to hakes, the percentage of later stage hake eggs to the total amount of later
stage eggs entrained was calculated. This percentage of later stage hake eggs was applied to the
number of unidentified early stage eggs. Each portion (number) of eggs was then added to the total
number of identified eggs entrained for each taxa. Hake eggs and larvae were observed every year
between 1989 and 1998 primarily during the months of August and September (Table 5.3-3).
Estimated annual entrainment rates ranged between 10,369,797 and 106,525,345 eggs and between
-2,897,551 and 70,278,367 larvae. The estimated average annual eritrainment of white hake eggs and
larvae is relatively high in comparison to other species larval entrainment rates, but is considered an
over estimate since there is more than one species contributing to the pool of early life stages. The
relatively high fecundity estimates of 1,000,000 - 15,000,000 indicate that only 1 - 21 spawning
-females would have produced the estimated annual average of entrained eggs.
5A.7

Winter flounder (Pseudopleuronectesamericanus)

A detailed evaluation of potential impacts from the PNPS intake system is provided in Section 5.3.3 of
this report
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5A.8

Yellowtail flounder (Pleuronectesferruginea)

The average estimated impingement rate of the yellowtail flounder is 1 fish per year (Table 5.4-1). The
yellowtail flounder has only been detected in impingement monitoring samples once at PNPS between
1989 and 1998 with an estimated annual impingement rate of 13 fish. The low impingement rates
estimated for the yellowtail flounder and the lack of detection in the samples at all indicates that no
impacts as a result of Impingement are expected on any yellowtail life stages.
The average number of estimated yellowtail flounder eggs and larvae entrained annually at PNPS
between 1989 and 1998 Is 5,645,415 and 557,753 respectively (Table 5.4-1). Yellowtail eggs and
larvae were observed every year between 1989 and 1998, primarily during the months of April and
May (Table 5.3-3). Estimated annual entrainment rates ranged between 1,156,209 and 13,381,575
eggs and 74,211 and 2,050,584 larvae. A female produces on average between 350,000 and 500,000
eggs per 50-55cm (19-21 in) length fish, although larger females can produce up to 4 million eggs'
(DFQ, 1997). The relatively high fecundity estimates indicate that only 11-17 average-sized spawning
females would have produced all of the estimated entrained eggs. The estimated entrained rates of the
yellowtail larvae are substantially lower than those estimated for the winter flounder equating to only
3% of the winter flounder larvae, thus no impacts as a result of entrainment are expected on the
yellowtail flounder.
5A49

Windowpane flounder (Scopthalmus aquosus)

The average estimated impingement rate of the windowpane flounder Is 154 fish per year (Table
5.4-1). Windowpane have been detected in Impingement monitoring samples every year at PNPS
evaluated for this study, but in relatively low numbers. Between 1989 and 1998, windowpane
impingement ranged from an estimated 34 to 381 individuals annually. The relatively low impingement
rates estimated for the windowpane indicates that no impacts as a result of impingement are expected
on any windowpane flounder life stages.
The average number of estimated windowpane eggs and larvae entrained annually at PNPS between
1989 and 1998 is 100,185,143 and 3,914,331 respectively (Table 5.4-1). Windowpane eggs and larvae
were observed every year between 1989 and 1998, primarily during the months between May and
September (Table 5.3-3). Estimated annual entrainment rates ranged between 43,941,365 and
200,689,830 eggs and 932,266 and 10,733,543 larvae. Density distributions of windowpane flounder
in Cape Cod Bay illustrated in Figure 42-20k, indicate that windowpane eggs are distributed primarily
along the near-shore environs along the perimeter of the Bay and do not appear to be a production of
any one specific area.
Impacts to the windowpane to some extent should be representative by the potential impacts identified
for the winter flounder In Section 5.3.3 of this report. Winter flounder were selected as an RIS
representing the potential impacts for Pleuronectiformes. Average annual entrainment rates for the
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windowpane eggs are much higher than those estimated for the winter flounder. However this higher
estimate would be expected since windowpane eggs are buoyant and pelagic contributing to its' higher
susceptibility to entrainment as opposed to the demersal and adhesive eggs of the winter flounder. The
estimated entrained rates of the windowpane larvae are much lower than for the winter flounder larvae
(Table 5.4-1). This comparison of estimated larval entrainment rates provides a more substantial
comparison given that both species larvae are pelagic and larvae are a higher valued life-stage.
5A.10

American plaice (Hippoglossoidesplatessoldes)

American plaice have not been observed in impingement monitoring conducted at PNPS between
1989 and 1998 (Table 5.4-1). Thus, no impacts as a result of impingement are expected on any
American plaice life stages.
Average estimated American plaice eggs and larvae entrained annually at PNPS between 1989 and
1998 is 6,097,404 and 2,211,116 respectively (Table 5.4-1). American plaice eggs and larvae were
observed every year between 1989 and 1998, primarily during the spring (March - June) (Table 5.3-3).
Estimated annual entrainment rates ranged between 2,250,780 and 13,526,417 eggs and 838,673 and
4,585,6361larvae. The mean estimate of annual egg entrainment is not high in comparison to fecundity,
given a 40 cm female may spawn between 250,000 - 300,000 (mean: 275,000) eggs and a 65 - 70 cm
female may spawn up to 1,500,000 eggs (fishbase.org). This would indicate that it would only require
between 4 and 22 spawning females to create the estimated annual average entrained eggs.
The distribution of early stage eggs In Cape Cod Bay provides evidence that plaice spawning grounds
are primarily located outside of Cape Cod Bay and the later stage densities observed in southern parts
of the Bay are a combination of development time and transport from wind and currents (Scherer,
1984). Furthermore, habitat preference of the American plaice is akin to the moderate to deep waters
over'silt/fine sand substrates characteristic of north central Cape Cod Bay and Stellwagen Basin.
Thus, it can be assumed that the American plaice early life stages observed in the entrainment
samples at PNPS are spawned from a larger pool of American plaice distributed through the Gulf of
Maine and Georges Bank, and not from a localized population inside of Cape Cod Bay.
Impacts to the American plaice should to some extent be represented by the potential impacts
identified for the winter flounder in Section 5.3.3 of this report. Winter flounder were selected as an
RIS representing the potential impacts for Pleuronectiformes. Average annual entrainment rates for the
American plaice eggs are higher than those estimated for the winter flounder. However this higher
estimate would be expected since American plaice eggs are buoyant and pelagic contributing to Its'
higher susceptibility to entrainment as opposed to the demersal and adhesive eggs of the winter
flounder. The estimated entrained rates of the American plaice larvae are much lower than for the
winter flounder larvae (Table 5.4-1). This comparison of estimated larval entrainment rates provides a
more substantial comparison given that both species larvae are pelagic and larvae are a higher valued
life-stage.
Mamh. 2000
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Ocean pout (Macrozoarcesamericanus)

Ocean pout have not been observed in,impingement monitoring conducted at PNPS between 1989
and 1998 (Table 5.4-1). Thus, no impacts as a result of impingement are expected on any ocean pout
life stages.
No early life stages of ocean pout have been observed in entrainment monitoring conducted at PNPS
between 1989 and 1998 (Table 5.4-1) . Thus, no Impacts as a result of entrainment are expected on
any ocean pout life stages.
5A.12

Atlantic halibut (Hippoglossushippoglossus)

Atlantic halibut have not been observed in impingement monitoring conducted at PNPS between 1989
and 1998 (Table 5.4-1). Thus, no impacts as a result of impingement are expected on any Atlantic
halibut life stages.
No early life stages of Atlantic halibut have been observed in entrainment monitoring conducted at
PNPS between 1989 and 1998 (Table 5.4-1). Thus, no impacts as a result of entrainment are
expected on any halibut life stages.
5A.13

Atlantic sea scallop (Placopectenmagellanicus)

The Atlantic sea scallop has not been observed in Impingement monitoring conducted at PNPS
between 1989 and 1998 (Table 5.4-1). Thus, no impacts as a result of impingement are expected on
any sea scallop life stages.
There is no data available regarding the entrainment of Atlantic sea scallop eggs or larvae at PNPS.
Entrainment is not expected to have a significant impact on the population given the prolific nature of
the Atlantic sea scallop.
5A.14

Atlantic herring (Clupea harengus)

Atlantic hering were reported in the impingement samples at PNPS all years from 1989 to 1998
except 1996. The average estimated annual impingement rate of Atlantic herring at PNPS between
1989 and 1998 is 2,335 indnivduals per year (Table 5.4-1). The maximum estimated annual
impingement rate was 22,318 individuals, which occurred in 1991. If 1991 impingement was excluded
from the average calculation, an annual impingement rate of 114 individuals is expected. With the
exception of the estimate of high impingement in 1991, the impingement of Atlantic herring is relatively
low and is not expected to have a significant impact on the Atlantic herring population.
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Atlantic herring eggs have not been observed in the entrainment monitoring conducted at PNPS
between 1989 and 1998. Atlantic herring larvae however, have been entrained every year from 1989
through 1998, with peak larval entrainment between March and May and November and December.
The average estimated annual entrainment of Atlantic herring larvae between 1989 and 1998 is nearly
11 million (Table 5.4-1). Maximum annual entrainment occurred in 1995 when 43 million larvae were
entrained.
Stellwagen Bank has been identified as a major spawning area for herring (Graham etal., 1972). They
tend to spawn on rocky, pebbly br gravely bottoms, substrate found only in small isolated patches in
Cape Cod Bay. The lack of suitable substrate, coupled with the fact that herring eggs are demersal
and adhesive, explains the absence of the herring eggs in entrainment samples taken at PNPS.
Based on the distribution of Atlantic herring larvae, it appears than Atlantic herring larvae originate
primarily outside Cape Cod Bay. Their long larval period (> 100 days) and slow growth rates, allow
dispersion over relatively long distances (Scherer, 1984).-The herring larvae become concentrated in
the surface water and begin to form large aggregations as they metamorphose into juveniles. The
presence of large amounts of herring larvae in the entrainment samples at PNPS is likely a
combination of development time and transport from wind and currents (Scherer, 1984). Thus, it can
be assumed that the Atlantic herring larvae observed in the entrainment samples at PNPS are
representative of a larger pool of Atlantic herring distributed through the Gulf of Maine and Georges
Bank, and not from a localized population inside of Cape Cod Bay.
Given the high entrainment events of the Atlantic herring at PNPS, the entrainment of Atlantic herring
has been examined in more detail dating back to 1980 using the equivalent adult (EA) approach
(Marine Research Inc., 1999). Since both juveniles and adult herring are targeted by the commercial
fishing industry, both age-1 and age-3 fish AE are presented. In 1999, an estimated 16,678'age 1 and
11,187 age-3 EA fish were entrained at PNPS. Average estimated adult equivalent (age-2) entrained
between the 1980-1998 was 10,506 age-1 and 7,047 age-3 AE fish (Table 5.4-3). Comparison of
power plant losses to an annual commercial catch Is often of some Interest and usefulness. Assuming
an average weight of 0.03 and 0.4 lbs per age-1 and age-3 fish respectively, the 1980-1997 average
estimated AE represents only 0.0004% and .004% of the 1998 commercial landings for Massachusetts
for age-1 and age-3 fish respectively. Since the entrainment of Atlantic herring larvae and eggs at
PNPS is estimated to represent less than 0.004% of the commercial landings in Massachusetts Bay,
no significant impact due to entrainment Is expected on the Atlantic herring population.
5A.15

Monkfish (Lophlus americanus)

Monkfish have not been observed in Impingement monitoring conducted at PNPS between 1989 and
1998. Thus, no impacts as a result of Impingement are expected on any monkfish life stages.
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Monkfish eggs and larvae have been observed in the entrainment monitoring conducted at PNPS
every year between 1989 and 1998, primarily during the months between May and October. The
average estimated monkfish eggs and larvae entrained at PNPS between 1989 and 1998 is
25,624,471 and 266,139, respectively (Table 5.4-1). Annual entrainment rates ranged from 60,000 to
242 million eggs and 30,000 to 758,000 larvae. Maximum egg entrainment occurred in 1989 while
maximum larval entrainment occurred in 1998. Fecundity ranges between 301,000 and 2,780,000
eggs per female. The average fecundity of a female monkfish is 1,540,500 eggs. The entrainment of
monkfish eggs is not relatively high in comparison to fecundity, since it would require only 17 females
to produce the estimated average of eggs entrained at PNPS annually. Larval entrainment of
monkfish at PNPS is relatively low in comparison to the other species presented in Table 5A-1 and is
not expected to have a significant impact on the monkfish population.
5A.16

Bluefish (Pomatomussaftatr-x)

Bluefish were observed in the impingement monitoring conducted at PNPS during one year between
1989 to 1998, when 15 individuals were impinged in 1998. Given the single, small occurrence of
bluefish impingement, no impacts as a result of impingement are expected on the bluefish population.
Bluefish eggs and larvae have not been observed in the entrainment monitoring conducted at PNPS
between 1989 and 1998. Thus, no impacts as a result of entrainment are expected on the bluefish
population.
5A.17

Long finned squid (Loligo peale!

Longflin squid have been reported in the impingement monitoring conducted at PNPS every year from
1989 to 1998. The average estimated annual impingement rate of longfin squid at PNPS between
1989 and 1998 is 700 individuals per year (Table 5A-1). The estimated-annual impingement rate
ranges from 211 (1996) to 1,932 (1995) individuals. Given the short life-span of longfin squid
combined with their rapid growth and capacity to spawn year-round, the impingement of longfin squid
is not expected to have a significant impact on the longfin squid population.
There is no data available regarding the entrainment of longfin squid eggs or larvae. Entrainment is
not expected to have a significant impact on the population given the short-lived and prolific nature of
the longfin squid.
5A.18

Shortfinned squid (l1lex illecebrosus)

Shortfin squid have not been observed in impingement monitoring conducted at PNPS between 1989
and 1998. Thus, no impacts as a result of impingement are expected on the shortfin squid population.
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There is no data available regarding the entrainment of shortfin squid eggs or larvae. Entrainment is
not expected to have a significant impact on the population given the short-lived and prolific nature of
the shortfin squid.
5A.19

Atlantic butterfish (Peprilus triacanthus)

Atlantic butterfish have been reported in the impingement samples at PNPS every year from 1989 to
1998-with the exception of 1992. The estimated average annual impingement rate of the Atlantic
butterfish at PNPS between 1989 and 1998 is 282 individuals per year (Table 5.41). The annual
impingement rate ranged from 0 (1992) to 1,600 (1990) Individuals. With the exception of rather high
impingement rates in 1990 and 1997, the Impingement of butterfish did not exceed 50 individuals per
year the remainder of the period. Given the relatively low impingement of Atlantic butterfish, excluding
1990 and 1997, impingement is not expected~to have a significant impact on the Atlantic butterfish
population.
Atlantic butterfish eggs have been observed in the entrainment monitoring conducted at PNPS in five
out of the ten years between 1989 and 1998. Early life stages of Atlantic butterfish are entrained
between May and October (Table 5.3-3). The estimated average butterfish eggs entrained at PNPS
between 1989 and 1998 is 195,988 (Table 5.4-1). This is an extreme overestimate of butterfish eggs
since early stage Urophyds spp. eggs were indistinguishable from early stage fourbeard rockling eggs
and early stage butterfish eggs. Therefore, to calculate the proportion of early stage eggs out of the
pool of unknown eggs that may belong to the Atlantic butterfish, the percentage of later stage butterfish
eggs to the total amount of later stage eggs entrained was calculated. This percentage of later stage
butterfish eggs was applied to the number of unidentified early stage eggs. Each portion (number) of
eggs was then added to the total number of identified eggs entrained for each taxa.. Annual egg
entrainment rates ranged from 0 (1990, 92, 93, 96, 97) to 1,451,041 eggs (1991). Butterfish larvae
were observed every year from 1989 to 1998 with the exception of 1992 and 1994. The estimated
average butterfish larvae entrained at PNPS between 1989 and 1998 Is 892,341 (Table 5.4-1). Annual
larvae entrainment rates ranged from 0 (1992,94) to 5,827,000 larvae (1995).
Studies by the Massachusetts Division of Marine Fisheries (Collings et a/,. 1981) provide Information
on the passage of Ichthyoplankton through Cape Cod Canal. Relatively small numbers of late-stage
eggs were recorded throughout Cape Cod Bay. Based on these collections, it Is suggested that
butterfish spawn in Buzzards Bay and eggs are introduced to Cape Cod Bay through the Cape Cod
Canal. Most butterfish eggs were located in the southern portion of Buzzards Bay, well removed from
the Canal entrance. In addition, It is also likely that some of the eggs drifted into the Bay from the north
(Scherer, 1984). Thus, it can be assumed that the Atlantic butterfish early life stages observed in the
entrainment samples at PNPS are taken from a large pool of Atlantic butterfish distributed through
Buzzards Bay and north of Cape Cod Bay and not from a localized population Inside of Cape Cod Bay.
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5.4.20

Atlantic mackerel (Scomberscombrus)

Atlantic mackerel were observed in the impingement monitoring conducted at PNPS during two years
from 1989 to 1998. In 1989 and 1990, 14 and 10 individuals were impinged respectively, at PNPS
(Table 5.4-1). Given the small occurrence of mackerel impingement, no impacts as a result of
impingement are expected on the Atlantic mackerel population.
Atlantic mackerel eggs and larvae have been observed in the entrainment monitoring conducted at
PNPS between 1989 and 1998 primarily from May through July (Table 5.3-3). The estimated average
mackerel eggs entrained at PNPS between 1989 and 1998 is 1.5 billion (Table 5.4-1). Annual egg
entrainment rates ranged from 317 million (1997) to 4.7 billion (1989) eggs. The estimated average
number of mackerel larvae entrained at PNPS between 1989 and 1998 is 50 million (Table 5.4-1).
Annual larval entrainment rates ranged from 3.4 million (1994) to 198 million larvae (1995).
Given the high entrainment events of the Atlantic mackerel at PNPS, the entrainment of Atlantic
mackerel has been examined In more detail dating back to 1980 using the equivalent adult (EA)
approach (Marine Research Inc., 1999). According to NOAA (1995,1996) mackerel stock biomass
consists of age 1 fish and older, while fish completely recruit to the spawning stock by age 3.
Therefore, equivalent adult values were calculated for both age groups. Atlantic mackerel EA
estimates of 2,633 age 1 fish or 1,082 age 3 fish were obtained for 1998. Average values of 4,214 and
1,732 age 1and 3 fish, respectively, were obtained over the 1980-1997 period (Table 5A4). Data from
1984 and 1987 were omitted from the EA calculation because both circulating seawater pumps were
off for the mackerel egg and larval seasons during maintenance outages. The 1980-1997 average
values represent less than one percent of the commercial landings for area 514, which encompasses
Cape Cod Bay and Massachusetts Bay (age I - 0.3%; age 3 - 0.7%). They also represented 0.08%
of an estimate of the number of mackerel spawning in PNPS area (2,114,000 adult fish) (Marine
Research Inc., 1999). Entrainment of high densities of mackerel eggs over the past decade is
consistent with a dramatic rise in stock biomass attributable to reductions in foreign fishing and under
exploitation by local fisheries (Overholtz, 1993; NOAA, 1995; NFSC, 1996). Since the entrainment of
Atlantic mackerel at PNPS is estimated to represent less than 0.1 % of the spawning stock of mackerel
in the PNPS area, no significant impact due to entrainment is expected on the Atlantic mackerel
population.
5A.21

Summer flounder (Paralicthys dentatus)

Summer flounder were observed in the impingement monitoring conducted at PNPS in three (1989,
1994, 1998) of the ten years from 1989 to 1998. The estimated average annual impingement rate
between 1989 and 1998 was 5 individuals, with a maximum impingement rate of 24 in 1994 (Table
5.4-1). Given the low occurrence of summer flounder Impingement, no impacts as a result of
impingement are expected on the summer flounder population.
Mam 2OO
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Summer flounder eggs and larvae have been observed in the entrainment monitoring conducted at
PNPS between 1989 and 1998. Early life stages of summer flounder are observed in entrainment
samples between May and July. Eggs were present from 1993 through 1995. The estimated average
annual number of summer flounder eggs entrained at PNPS between 1989 and 1998 is 35,866 (Table
5.41). Annual egg entrainment rates ranged from 0 (1989-1992 and 1996-1998) to 144,319 (1993)
eggs. The estimated average annual number of summer flounder larvae entrained at PNPS between
1989 and 1998 is 94,932 (Table 5.4-1). Annual larval entrainment rates ranged from 0 (1989, 1991,
1992, 1994, 1997) to 450,505 larvae (1998). Since the fecundity of summer flounder is reported to
range from 1,670,000 to 1,799,000 eggs per female (Powell, 1974), the amount of eggs and larvae
entrained at PNPS does not appear to be significant. The number of female summer flounder required
to produce 35,866 eggs, given an average fecundity rate of 1,734,500 eggs per female, is less than
one. Thus, the entrainment of summer flounder eggs and larvae is not expected to have a significant
impact on the summer flounder population.

5.4.22

Scup (Stenotomus chrysops)

Soup were observed in the impingement monitoring conducted at PNPS from 1989 through 1998, with
the exception of 1994 through 1997. The estimated average annual impingement rate between 1989
and 1998 was 88 individuals, with a maximum impingement rate of 591 in 1990 (Table 5A-1). Scup
impingement was below 25 individuals from 1992 to 1998. The relatively low occurrence of soup
impingement indicates that no impacts as a result of impingement are expected on the soup
population.
Soup eggs have not been observed in the entrainment monitoring conducted at PNPS between 1989
and 1998, primarily during the month of September (Table 5.3-3). Scup larvae, however, have been
entrained 8 out of 10 years at PNPS from 1989 through 1998. The estimated average annual
entrainment of soup larvae between 1989 and 1998 is 311,617 (Table 5.4-1). The estimated maximum
annual entrainment occurred in 1990 when 2.2 million larvae were entrained. With the exclusion of the
high rate of larval entrainment in 1990, the average annual entrainment rate is 99,744 larvae.
Soup eggs and larvae collected in the 1974 - 1976 ichthyoplankton survey conducted throughout-Cape
Cod Bay were considered stragglers from more southern waters and outside of their reproductive
range (Scherer, 1984). Scherer (1984) suggested that the soup egg and larvae, may have originated
in Buzzards Bay and transported to Cape Cod Bay via the canal. Additional studies performed by
Massachusetts Division of Marine Fishereis (Collings et al., 1981) from 1976 through 1979 on the
passage of ichthyoplankton through the Cape Cod Canal, suggests that soup spawn in Buzzards Bay
and are transported to Cape Cod Bay (Scherer, 1984). Thus, it can be assumed that soup larvae
observed in the entrainment samples at PNPS are taken from a larger pool of soup distributed through
Buzzards Bay and not from a localized population inside of Cape Cod Bay.
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5.4.23

Surf clam (Spisula solidissima)

Surf dams have not been observed in impingement monitoring conducted at PNPS between 1989 and
1998 (Table 5.4-1). Thus, no impacts as a result of impingement are expected on the surf clam
population.
There is no data available regarding the entrainment of surf dam eggs or larvae. Entrainment Is not
expected to have a significant impact on the population given the short development period of surf
clams. In addition, the vicinity of PNPS is not identified as essential fish habitat for the eggs and larvae
of the surf clam.
-5A24

Spiny dogfish (Squalus acanthias)

Spiny dogfish were observed in the impingement samples from 1989-1991 and 1993. The estimated
average annual impingement rate between 1989 and 1998 was 6 individuals, with a maximum
impingement rate of 19 in 1990 (Table 5A-1). The relatively low occurrence and low abundance of
dogfish impingement indicates that no impacts as a result of impingement are expected on the spiny
dogfish population.
Spiny dogfish eggs and larvae have not been observed in the entrainment monitoring conducted at
PNPS between 1989 and 1998 (Table 5.4-1). Thus, no impacts as a result of entrainment are
expected on the spiny dogfish population.
.SA25 Bluefin tuna (Thunnus thynnus)
Bluefin tuna have not been observed In impingement monitoring conducted at PNPS between 1989
and 1998 (Table 5.4-1). Thus, no impacts as a result of impingement are expected on the bluefin tuna
population.
Bluefin tuna eggs and larvae have -not been observed in the entrainment monitoring conducted at
PNPS between 1989 and 1998 (Table 5.4-1). Thus, no impacts as a result of entrainment are
expected on the bluefin tuna population.
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Table 5.1-1 Measured Surface Plume Area, Depth, and Volume Enclosed by Various Delta T
Isotherms puring High Tide - MIT Studies, 1973
July 3, 1973
High Tide Area

(Acres)

20C

30C
40C

14
4.6

6
6

50C
60C

1.3
0.5
-

7
8

Ta
_

10C

70C

80C
90C
Amb.-T

(C)

November 13, 1973
High Tide Area

(Acres)
Depth

(Acres)
Depth

(Acres)_
Depth
Vol.
Area
(feet)
(ac-ft)
(acres)
5
690
_
5
190

Area
(acres)
138
38

-

August 30, 1973
High Tide Area

-

84
28
9
4

-

-

-

_

-

-

_

-

Area
(acres)
56
33

5

4
4
4

216
120

4
3

864
360

14
4.8

12
2.6
1.7

3
4
4

36
10
7

0.9

4

4

0.9
0.7
0.1
-

-

0.5

4

2

-

-

17.0

11.5
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(feet)

Vol.
(ac-ft)
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3
3
3

Vol.
(ac-ft)
280
132

56
19
3
2
0.3

8.5
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Table 5.1-2 Model Predicted Surface Plume Area, Measured Depth, and Corresponding
Volume Enclosed by Various Delta T Isotherms During High Tide - MIT Studies,
1973

AT = T- Ta

(acres)

Area

Depth
(feet)

Vol.

.1C

5
5

3C.
40C
SOC
SOC

3000.
1000
4006
.150
60
20

6
7
8

15,000
5,000
2,400
900
420
160

70C
80C

8
4

8
8

90C

2

8

20C
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Table 5.1-3 Measured Benthic Plume Dimensions (EG&G, 1995)
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Table 52-1 Approximate Number and Cause for Dominant Species of Most Notable Fish
Mortalities at Pilgrim Nuclear Power Station, 1973-1998 (Anderson, 1999)

Date

Number

Species

Cause

April 9-19, 1973

Atlantic menhaden

43,000

Gas Bubble Disease

August/September, 1973

Clupeids

1,600

Impingement

April 2-15. 1975

Atlantic menhaden

5,000

Gas Bubble Disease

August 2, 1975

Atlantic menhaden

3,000

Thermal Stress

August 5, 1976

Alewife

1,900 -

Impingement

November 23-28, 1976

Atlantic herring

10,200

Impingement

August 21-25, 1978

Clupeids

2,300

Thermal Stress

December11-29, 1978

Rainbow smelt

6,200

Impingement

March/April, 1979

Atlantic silverside

1,100

Impingement

September 23-24, 1981

Atlantic silverside

6,000

Impingement

July 22-25, 1991

Atlantic herring

4.200

Impingement

December 15-28, 1993

Rainbow smelt

5,100

Impingement

November 28-29, 1994

Atlantic silverside

5,800

Impingement

December 26-28, 1994

Atlantic silverside

6,100

Impingement

Rainbow smelt

5,300

Impingement

Alewife

13,100

Impingement

September 8-9, 1995

-
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Table 5.2-2 Annual impingement Collections (1989-1998) for the 10 Most Abundant Fishes from Pilgrim Station Intake Screens During
January - December 1998 (Anderson, 1999)

Number of ImDpined fishes Collected From January - December
Species
Atlantic silverside

Winter flounder
Atlantic menhaden
Rainbow smelt
.Wndowpafe
LuMlfish
Grubby
Alewife
Blueback herring
Atlantic hMrring

1989

1990

1991

1992

1993

120

457

275

232

720

3,112

1,100

31
345
38
15
8
59
131
103
35-

67
113
41
11
5

72
2
25
3
10

90
4
735
10

90
14
896
14

92
73
162
10

30'

17

46

43

24
31
2,370

22
11
3

51
52
25
10

9
45

11
24
3

1,871
87
10

i423

1,733

4,279

42
82
39
6
3
29
8

15
16

Totalo

360

1;222

2.83'

Collection Time (hrs.)

618

919.50

930.25+

Collection Rate (#/hr.)

0.58

1.33

3.21

774t 673.50
0.55

2.67

1994* 1995*^ 1996

1997

1998

Totals

765

302

387

7,470

41
75
174
13
8

40
56
82
4
9

57

23

11
58
0

15
18

3,459 1.20
2
737.39 607.6
416
7
5.80
5.69 2.89

550

690

16,901

455

575

6,706.91+

1.21

1.20

2.52

1

98
65
51
25
19
17
13
a8
8
7

663
829
2,243

111
124
468
4.

2,18
2,455

No CWS pumps were in operation 9 October - 16 November 1994.
**N6 CWS pumps were in operation 36 March - 15 May 1995.
*
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Table 52-3 Impingement Rates Per Hour, Day and Year For All Fishes Collected From Pilgrim
Station Intake Screens During 1979-1998, Assuming 100% Operation of Pilgrim
Unit 1* (Anderson, 1999)

3.24

RatelDay
77.69

RatelYear
28,280.

1980

0.66

15.78

5,769

1981

10.02

240.42

87,752

1982

0.93

22.39

8,173

1983

0.57

13.65

4,983

1984+

0.13

3.13

1,143

1985

1.14

27.46

10,022

1986

126

30.34

11,075

1987+

0.28

6.74

2,460

1988+

027

6.48

Z372

1989

0.80

19.30

7,045

1990

1.70

40.74

14,872

1991

3.38

81.14

29,616

1992

0.63

15.22

5,572

1993

2.78

66.78

24,375

1994+

5.97

143.18

52,259

1995+

5.87

141.00

51,464

1996

3.11

74.64

27,318

1997

1.43

34.29

12,514

1998

1.30

31.30

11,426

Means

2.27

54.55

Year
1979

.

Rate/Hr.

v

Dominant Species
(Rate/Year)

Atlantic slverside
(20,733)
Cunner
(1,683)
Atlantic silverside
(83,346)
Atlantic silverside
(1,696)
Atlantic silverside
(1,114)
Atlantic silverside
(185)
Atlantic silverside
(3,278).
Atlantic herring
(3,760)
Rainbow smelt
(682)
Atlantic silverside
(586)
Atlantic silverside
(1,701)
Atlantic sliverside
(4,354)
Atlantic Hering
(22,318)
Atlantic silverside
(2,633)
Rainbow Smelt
(9,560)
Atlantic silverside
(36,970)
Alewife
(26,972)
Atlantic silverside
(16,153)
Atlantic silverside
(5,814)
Atlantic silverside
(5,896)

19,911

Rates have been rounded to significant figures.
+No CWS pumps were in operation 29 March -13 August 1984, 18 February -B September 1987,
14 April - 5 June 1988, 9 October -16 November 1994 and 30 March -15 May 1995.
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Table 5.3-1 American Lobster (Homarusamercanus), Impingement Rates per Hour, Day and
Year for 1990 - 1998, Collected from PNPS Intake Screens, Assuming 100%
Operation of Pilgrim Unit 1* (PNPS Annual Reports, 1990-1998)

1992
1993
1994
1995
1996
1997
1998

69
91
97
41
32
19
24

774
673.5
737.39
607.67
416
455
575

0.09
0.14
0.13
0.07
0.08
0.04
0.04

2.14
3.24
3.16
1.62
1.85
1.00
1.00

781
1184
1152
591
674
366
366

Average 1990 - 1998

53

676

0.08

1.85

673

Rates have been rounded to significant figures
!

'No CWS pumps were In operation 9 October- 16 November 1994.

2

No CWS pumps were in operation 30 March - 15 May 1995.
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Table 5.3-2 Winter Flounder (Pseudoplueronectesamericanus)Impingement Rates per Hour,
Day and Year for 1980 -1998 Collected from PNPS Intake Screens. Assuming
100% Operation of Pilgrim Unit 1* (PNPS Annual Report, 1980-1999)
Number
15

Total Hours
603.75

1981

15

1982
1983
19841
1985
1986
19872
19883
1989

27
20
5
39
76
10
11
-42

1990

1991
1992
1993
1994'
19955
1996
1997
1998
Average 1980-1998
Average1995-1998

Year
1980

Ratellour
0.02

Rate/Day
0.60

Rate/Year
218

574.5

0.03

0.63

229

687
76§
1042
465
806
527
625
618

0.04
0.03
0.00
0.08
0.09
0.02
0.02
0.07

0.94
0.63
0.12
2.01
2.26
0.46
0.50
1.63

344
230
42
735
826
166
184
595

31

919.5

0.03

0.81

295

67
72
90
90

93025
774
673.5
737.39

0.07
0.09
0.13
0.12

1.73
2233.21
2.93

631
815
1171
1069

92
41
40
98
44
68

607.69
416
455
575
674 513

0.15
0.10
0.09
0.17
0.07
0.13

3.63
2.37
2.11
4.09
1.6
3.05

1326
863
770
1493
584
1113

-

-

Rates have been rounded to significant figures
'No CWS pumps were in operation 29 March - August 1984
2No CWS pumps were in operation 18 February- 8 September 1987
3No CWS pumps were in operation 14 April - 5 June 1988
4No CWS pumps were in operation 9 October- 16 November 1994
5No CWS pumps were in operation 30 March -15 May 1995
*
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Table 5.3-3 Species of Fish Eggs (E) and larvae (L) Collected In the PNPS Discharge Canal, 1975-1998. General Periods of Occurrence for
Eggs and Larvae Combined are Shown Along the Right Side, for the Dominant Species, Periods of Peak Abundance are Also
Shown In Parentheses (Marine Research Inc., 1999)
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Table 5.3-3 Species of Fish Eggs (E) and larvae (L) Collected In the PNPS Discharge Canal, 1975-1998. General Periods of Occurrence for
Eggs and Larvae Combined are Shown Along the Right Side, for the Dominant Species, Periods of Peak Abundance are Also
Shown In Parentheses (Marine Research Inc., 1999) (continued)
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Table 5.3-3 Species of Fish Eggs (E)and larvae (L) Collected In the PNPS Discharge Canal, 1975-1998. General Periods of Occurrence for
Eggs and Larvae Combined are Shown Along the Right Side, for the Dominant Species, Periods of Peak Abundance are Also
Shown In Parentheses (Marine Research Inc., 1999) (continued)
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Table 5.3-4 Numbers of larval winter flounder entrained at PNPS annually by stage, 1980-1998.
Number and weight of equivalent age 3 adults calculated by two methods is also
shown (Marine Research Inc., 1999).
Winterflounder
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
Mean
s.e.

Stage I
8,694,456
7,606,942
2,706,834
1,933,453
248,082
1,039,001
5,397,403
0
1,995,968
1,668,823
643,683
3,471,022
873,660
1,595,700
1,034,617
1,632,907
504,810
2,225,634

Number of Larvae Entrained
Larvae
Stage 2
Stage 3
Stage 4
12,714,822 7,317,129
0
19,133,121
3,073,126
43,304
6,724,795
11,583,134
425,011
2,246,172
7,558,534
260,350
0
7,570,145
516,247
2,312,789
8,025,452
130,786
5,783,669
3,963,747
77,005
437,608
3,088,405
0
1,656,376
15,079,960
511,009
5,755,240
2,224,675
39,114
1,155,404
6,846,718
33,002
3,908,488
5,188,056
37,717
876,914
7,034,690
26,192
3,540,750
4,934,952
88,617
6,433,716
13,060,373
172,606
2,820,023
8,826,496
375,857
5,818,499
11,329,855
995,127
9,537,788
41,484,016 2,126,280

Equivalent Age-3 Adults
General EA
Staged EA
Number
Pounds
Number,
Pounds
.1,771
1,063
7,443
4,466
1,841
1,105
4,689
2,813
1,322
793
12,643
7,586
740
444
7,969
4,781
514
308
9,128
5,477
710
426
7,643
4,586
939
563
4,365
2,619
217
130
2,619
1,571
1,187
712
15,558
9,335
597
358
2,624
1,574
535
321
6,016
3,610
777
466
4,966
2,980
543
326
6,114
3,668
626
376
4,958
2,975
1,276
766
12,446
7,468
842
505
9,699
5,819
1,150
690
15,395
9,237
3,414
2,048
47,087
28,252

2,404,055
578,064

5,047,565
1,140,968

9,343,859
2,067,069

325,457.
122,466

1,056
173

633
104

10,076
2,368

6,045
1,421

1984.1987 Omitted 2
Mean
2,689,057
s.e.
614,157

5,651,160
1,200,337

9,845,682
2,292,345

333,874
136,105

1,142
183

685
110

10,601
2,626

6,361
1,576

20,202,973

58,546,916

4,904,482

5,473

3,284

77,428

46,457

1998

5,099,963

I Mesh factor = 1.62 applied to Stages I and 2 pniorto 1995.
2 See 1998 Semi Annual for Details (Marine Research Inc, 1999)
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Table 5.3-5 Area 514 Commercial Landings and Massachusetts Recreational Landings from
Inland Waters for Winter Flounder (pounds) 1982-1998 (Marine Research Inc.,
1999)
Year
|
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

Commercial
Recreational |
(pounds) | (pounds) 3,830,162
4,146,553
2,936,176
874,245
2,558,483
839,561
2,450,319
1,858,645
1,667,938
708,677
1,739,664
568,822
1,846,171
729,200
1,896,609
1,163,315
1,737,733
139,641
1,520,470
67,659
1,326,646
85,256
1,057,211
147,287
328,706
71,403
16,788
43,362
2,961
69,871
1,798
69,893
_
501
_I

Total
(pounds)
7,976,715
3,810,421
3,398,044
4,308,964
2,376,615
2,308,486
2,575,371
3,059,924
1,877,374
1,588,129
1,411,902
1,204,498
400,109
60,150
72,832
71,691

Source:
NOAA statistical area 514, Recreational landings data 1982
- 1997 (Lawton et al., 1999)
NOAA statistical area 514 1998 (NMFS Fisheries Statistics
and Economic Division)
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Table 5.3-6 Rainbow Smelt (Osmerus mordax)Impingement Rates per Hour, Day and Year for
1980-1998 Collected from PNPS Intake Screens, Assuming 100% Operation*
(PNPS Annual Reports, 1980-1998)

Xu g 6 i ir-a

- Rates have been

603.75
574.5
687
763
1042
465
806
527
525
618
919.5
93025
774
673.5
737.39
*607.69
416
455
575
668

95
13
60
57
5
8
278
41
11
39
38
41
25
735
896
162
174
82
51
148

1980
1981
1982
1983
19841
1985
1986
19872
19883
1989
1990
1991
1992
1993
19944
19955
1996
1997
1998
Average 19801998

0.16
0.02
0.09
0.07
0.00
0.02
0.34
0.08
0.02
0.06
0.04
0.04
0.03
1.09
1.22
0.27
0.42
0.18
0.09
022

t
3.78
0.54
2.10
1.79
0.12
0.41
828
1.87
0.50
1.51
0.99
1.06
0.78
26.19
29.16
6.40
10.04
4.33
2.13
5.37

1378
198
765
654
42
151
3021
682
184
553
362
386
283
9560
10644
2335
3664
1579
777
1959

de to significant figures

'No CWS pumps were hoperaton29m

h-MarhAugustj1984

No CWS pumps were Ih operation 18 February -8 September1987

3

NoCWSpumps werhiopermao14Aprlto5June19888
No CWS pumps were ih operation 9 October. 16 November1994

«No CWS pumps were i operatlon 30 March -15 May 1995
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Table 6.3-7 Annual Commercial Landings Statistics for Massachusetts Rainbow Smelt
(Osmerus mordax)
Year
a=

1972
1973
1974
1977
1979
1987
1988
1989
1990
1991
1992
1993

Commercial
(metric tons)
0.9
1.4
0.3
0
0.1
0.9
0.7
0.4
0.5
6
0.5
0.5

Commercial
(pounds)
5
2,000
3,100
700
100
300
2,000
1,500
900
1,000
13,200
1,200
1,200

Value

($)
780
1,240
350
11

25
198
75
45
60
2,724
84
84

Source: NMFS Annual Commercial Landings Statistics
http://www.st nmfs.gov/stl/commerciaVlandings/annuaLlan
dings.html
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Table 5.3-8 Numbers of Rainbow Smelt (Osmerus mordax) Entrained at PNPS Annually, 19891998
Year
1989

Eggs
30,558

Larvae
57,885

1990

0

0

1991
1992
1993
1994
1995
1996
1997
1998

0
0
0
0
0
0
0
0

Average 1989 - 1999

3,056

J - ddmw\97JMCMO21%2Wt%s5.doc

5#60

.0
79,450
48,892
119,611
201,156
0
496,516
255,024
125,853

MarE 2000
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Table 5.3-9 Annual Impingement Rate of Cunner at PNPS (PNPS Annual Reports, 1989-1998)
Year

Rate/Hlour

Rate/Year

Dominant Months of
Occurrence

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

0.03
0.02
0.05
0.004
0.01
0.009
0.03
0.02
0.004
0.01

241
210
402
34
104
83
288
211
39
76

June
September
May
July/August
March
June
November
October
October
December

1989 - 1998 Average

0.02

169

J:A~bW~stw97\Pjects=i70I2021sS.doc
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Table 5.3-10 Annual Commercial Landings Statistics for Massachusetts Cunner
- (Tautogolabrusadspersus)
Commercial
(metric tons)

Commercial
(pounds)

Value

1950

0.7

1600

35

1951
1952
1978
1983
1984
1986
1987
1988
1989
1991
1992
1993
1994
1995
1996
1997
1998

0
0
0.2
02
0.5
0.1

100
100
500
400
1100
200
400
600
400
15
66
573
479
809
395
664
1160

3
3
72
92
275
24
70
78
201
6
12
141
193
241
111
236
304

Year

-02
0.3
02
0
0
0.3
02
0.4
0.2
0.3
0.5

($)

Source: NMFS Annual Commercial Landings Statistics
http:/Avww.stenmfs.gov/stl/commercialiandings/annuaUandings.html

JVMnclw;7VPrceCtS=g21

MW.doC

r562

Mard%2D00

ENIR
Table 6.3-11 Numbers of cunner eggs and larvae entrained at PNPS annually, 1980-1998.
Numbers of equivalent adults are also shown (Marine Research Inc., 1999)
Cunner

Eggs

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

Eggs
3,257,891,776
6,576,294,915
2,010,779,150
5,895,329,347
1,766,764,864
2,021,886,071
1,493,653,289
4,465,564,080
1,539,089,318
4,469,416,004
1,336,048,112
675,000,390
2,174,661,078
3,235,317,207
1,558,253,667
4,116,491,874
2,807,124,109
1,718,289,720

Stage I
76,282,260
316,245,739
6,351,445
10,961,646
0
17,182,039
4,419,092
40,247,222
2,290,972
34,100,052
65,705,970
5,790,172
0
148,674
0
7,961,638
3,765,455
6,444,923

Stage 2
Stage 3
40,480,032
4,229.248
256,567,950 3,508,876
3,187,760
597,356
27,571,530
3,955,802
176,682
1,029,352
20,392,615
2,307,617
22,197,318
297,368
314,474
248,738
2,624,077
2,461,452
15,224,141
2,863,938
62,378,298 44,014,528
3,701,490
7,243,966
1,186,819
1,605,055
7,178,133
7,923,303
5,545,977
4,440,095
29,910,748
9,257,792
8,094,509
5,558,849
51,895,511 41,294,559

Total
697,314.106
586,459,128
10,136,561
42,488,978
1,206,034
39,882,271
26,913,778
40,810,434
7,376,502
52,188,130
172,098,797
16,735,627
2,791,875
15,250,109
9,986,072
47,130,178
17,418,813
99,634,994

667,485
2,353,607
216,418
673,201
166,823
307,573
219,494
415,062
164,492
570,900
644,849
113,048
209,299
345,004
174,169
522,981
312,029
460,586

2,839,880,832
1,660,270,370
18
2,098,273,575
2,421,129,559

33,216,517
74,242,592
18
6,398,184

31,034,892
59,254,322
18
11,659,325
8,911,803

7,935,439
12,902,781
18
3,732,339
3,252,772

104,767,910
200,582,318
18
33,398,025
29,872,367

474,279
505,078
18
328,516
352,116

23,566,038
17
5,715,604
6.351,445

19,090,312
17
4,630,081
8,094,509

13,251,044
.173,213,850
3,955,902

165,508,778
17
40,141,775
26,913,778

193,187
17
46,855
312,029

Mean
Std. Dev.
count

Median
Geomean

Without 1981 Std. Dey.
1,415,945,969
count
17
s.e.
343,417,341
Median
2,021,886,071
1998

4,341,664,826

Larvae

104,908,332

211,248,501

Equivalent
Adults

54,060,618

370,217,451

1,522,731

March, 2000
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Table 5.3-12 Annual Commercial Landings Statistics for Massachusetts Alewife (Alosa

pseudoharengus)
Year
1950
1951
1952
1953
1954
1955
1956
1957

1958

Commercial
(metric tons)
122.4
125.2
864
2510
1370
1188.9
4046.8
8630.6
15338.2
5269.9
8006.5
9452.1
3753.8
5323
2507.8
3145.8
3008.8
2463.9
52.9
455A
524.5
100.8
865.2
315A
103.6
778.8
20.4
59.8
318.1
23.7
65.3
38.1
24.3
42.2
88
21.1
14.7
14.7
19.3
116
9.4

Commercial
(pounds)_
269,900
276,000
1,904,700
5,534,700
3,020,200

2,621,100
8,921,500
19,027,100
33,814,700
11,618,000
17,651,100
20,838,200

Value
3,104
2,968
23,361
92,460
32,116
28,108
84,099
190,773
339,412
119,302
151,084
193,457
87,825
119,071
62,874
80,419
81,324
-61,786
2,334
2,088
16,107
4,394
30,031
15,350
8,435
23,787
1,923
3,414
15,150
2230
9,070
6,620
4,750
12,701
9,150
6,700
3,213
3,590
4,545
28,165
1,976
2,496

1959
1960
1961
8,275,700
1962
11,735,100
1963
5,528,800
1964
6,935,300
1965
6,633,200
1966
5,431,900
1967
116,700
1968
100,000
1969
1,156,300
1970
222,300
1971
1,907,400
1972
695,400
1973
228,500
1974
1,716,900
1975
44,900
1976
131,800
1977
701,300
1978
52,300
1979
144,000
1980
84,000
1981
53,500
1982
93,100
1983
194,100
1984
46,600
1985
32,400
1986
32,500
1987
42,580
1988
255,700
1989
20,700
1990
9.2
20,300
1991
2,244
18,700
1992
8.5
2,268
18,900
1993
8.6
360
180
1997
0.1
Source: NMFS Annual Commercial Landings Statistics
http://ww.st.nmfs.gov/stl/commercialAandings/annuaUandings.html
J:\PggPecles\03=7O2120OfOS5.dOC
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Table 5.3-13 Annual Commercial Landings Statistics for Massachusetts Atlantic SlIverside

(Menidia menidia)
- Year

1951 1988

Commercial
(metric tons)

Commercial
(pounds)

Value

0.3
1.3

600
2,800

44
168

(.).

Source: NMFS Annual Commercial Landings Statistics
http:/lAww.st.nmfs.gov/stl/commercial/lancingslannua~landings.html
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Table 5.4-1 Essential Fish Habitat Species In the Vlclnity of PNPS - Estimates of Annual Impingement and Entrainment Rates Average, Minimum,
Maximum (1989-1998)
SPECIES

Estimated Annual Impingement Rates|
Average
Minimum
Maximum

.

-Aver

Estimated Annual Entrainment Rates
Eggs
_
_
- Larvae
Minimum
Maximum
Average
Minimum
1.2e8,748
8,542,922
955.446
119,4386|
17889
0
0
89,926
47,364
0
0
158,288
1.818.857
301,297
324,348
4.508.020
106,525,345 20,5155,219 2.897,551
10,369.736
10,369,736
108,525,345 20.515,219 2,897,551
24,698,630 8,678,807
39,114
5,180.635.
13,381,575
557,753
i7g2j
1,156,209
200,689,830
3.914.331
932,268
43,941,365
13.526,417
2.211,116
838,673
2,250,780
0
0
0
0

3,454,327
Atlanticcod(Gadus morhua)
28
0
76
0
14,013
0
0
Haddock (Melanogrammus ft~lefinus)
78
28,044
22
0
Pollock (Pollachius vrens)
154
2.559,847
59
10
Sliver hake Merlucclus billnearis
0
182
44,888,797
82
Red hake (UrophycIs chuss
104
44,888,787
30
0
WhIt hake (U phycIstenils)'
2,480,005
903
295
1,493
Winter flounder (Pleuronectes americanus)
0
13
56.45,415
1
Yellowtall flounder (Pleuronectes ferrugmine
381
100.185,143
154
34
Windowpane flounder (Scopthalmus aquosus)
0
8,097,404
.
0
American plalce (HIlo ossoldes platessoldes)
0
0
0
0
Ocgen pout (Macrozoarces amercanus)
halibut (tfippogIlsu ilossus
poglossus)hpols~
Atlantic
Atatchlbt
0
0
0
0
0
0
0
na
0
na
na
na
0
0
Atlantic sea scallop (Placopecten Magellankus)
Atlantic herring (Clupea harengus)
2,335
0
22,318
0
0
0:
10,77,772
60,504
242,411,584
266,139
0
0
0
25,624,471
Monkfish (Lophlus amerlcanus)
0
0
15
0
0
2
0
Bluefish (Pomatomus saltatrix
na
na
1,932
na
na
700
211
Long finned squld (Lollgopalele
na
na
0
na
na
0
0
Short finned squid (ltlex Illecebrosus)
0
1,451,041
892,341
0
1,801
195.988
282
Atlantic butterfish (Peprilus trhacanthus)
2
0
14
1,528,772,223 316,969,390 4,673,915,938 50,049,502
antic mackerel (Scomber scombrus)
94,932
24
35,8686
0
144,319
5
0
Summefrflounder (Parullcthys dentatus)
0
0
311,617
88
0
591
0
Sup (Stenotomus chrysops)
Suc
clam iSpIsula solldlssIma)
0
0
0
na
na
na
na
Spiny dogfIsh (Squalusacathaf
6
0
19
0
0
0
0
0
0
0
0
0
0
0
I
Bluefintuna (Thunnus thynnus)
-Scup (tenowomus chrysops)and vveakHsh rseudaItorr5hs typus) eggs were hMnuded wrn siver naKU eggq tMeMIEMMJS v01niaffs)
2
Unidentified hake app. irnpinged at PNPS were consevatively added in the Impingement estirnates for the red hake, white hake and whtin. 1993 (8); 1994 (1);

~6)

Maximum
2,369,255
178,892
255,635
7,643,222
70,278,367
70,278,367
88,064,334
2,050,584
10,773,534
4.585,636
0

0

0

na
911,487
30,558
0
na
na
0
3,419,299
0
0
na
0
0

na
43,247,883
757,914
0
na
na
5,827,494
197,089,693
450,505
2,218,476
na
0
0

1995 (1); 1997 (3); 1998

Early stage Urophychs spp. eggs were indistinguishibie from early stage fourbeard molking eggs and early stage butterfish eggs (Pepilus Irlacanhus). The proportion of later stage eggs
to the total amount of eggs entrained was Calculated. This percentage was used to estimate the number of unidentified early stage eggs added to the total of Urophyclis app. and Atlantic
butterfish (Pepillus trlacanthus).
4

Estlamtes for Urcphyds spp. eggs and larvae were used for both white hake and red hake.
One unidentified Lologo app. Impiged at PNPS was conservatively added In the Impingement estimate for the longfnned squid (Lofigopeale)

na = data is not availabie
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Table 5.4-2 1980-1998 Annual Commercial Landings Statistics for Massachusetts, Atlantic Cod
(Gadus morhua)
Year
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

-Commercial
(metric tons)
45,072
39,280
44,684
41,954
34,266
29,506
21,056
20,396
27,778
26,550
32,751
28,330
19,176
16,560
12,261
9,659
10,533
10,065
9,080

Commercial
(pounds)
99,364,700
86,597,600
98,510,000
92,492,100
75,542,700
65,049,400
46,420,900
44,964,200
61,238,900
58,532,500
72,201,822
62,455,221
42,275,399
36,507,490
27,029,557
21,294,022
23,221,483
22,189,499
20,018,151

Value

($)
27,184,431
29,566,063
33,210,540
31,752,025
28,659,076
27,891,076
27,931,597
34,044,381
35,032,227
35,701,271
46,295,857
50,649,672
35,996,894
32,512,119
25,279,616
20,303,945
19,880,183
19,111,274
20,819,477

Source: NMFS Annual Commercial Landings Statistics
http:/Avww.st.nmfs.gov/stl/commercial/andings/annuaLlandings.html

Maith, 2000
i.VLbsVnwgr4Y*MW97002IV200WS.doe

5-67

Mamh~l,
200

. .EIIR
Table 5.4-3 1980-1998 Annual Commercial Landings Statistics for Massachusetts AtlanticHerring
(Clupea harengus)
Year

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992

1993
1994
1995
1996
1997
1998

Commercial
(metric tons)
30,322
12,300
7,123
4,057
12,146
11,128
11,543
18,498
22,800
24,497
28,086
21,706
22,975
11,213
7,306
14,238
21,882
24,224
33.142

Commercial
(pounds)
66,848,400
27,116,300
15,702,900
8,943,900
26,m,900
-24,533,100
25,447,300
40,779,700
50,265,420
54,006,600
61,917,269
47,852,491
50,650,281
24,719,975
16,106,401
31,388,855
48,239,980
53,404,269
73.065,397

Value

($)
3,786,894
1,291,743
707,375
404,296
1,148,524
1,020,689
1,316,359
1,884,148
2,326,274
3,041,221
2,771,700
2,176,670
2,367,588
1,148,850
733,507
1,402,941
Z233,927
2,657,904
3,654,168

Source: NMFS Annual Commercial Landings Statistics
http://www.stnmfs.gov/sttl/commerciallandings/annua~landings.html
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Table 5.4-4 Numbers of Atlantic Mackerel Eggs and larvae Entrained at PNPS Annually, 19801998,
Numbers of Equivalent Age 1 and Age 3 Fish, 1980-1998
Year

Total Number Entrained
Larvae
Eggs

Equivalent Adults
Age I

Age 3

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997

81,599,432
183,959,791
108,234,931
148,616,621
22,486.619
1,867,648,438
219,488,066
71,222294
2,663,608,568
4,673,915,938
2,313,416,455
479,761,865
377,610,764
1,801,378,418
520,917,221
1,767,609,278
1,507,370,682
316,969,390

22,293,108
320,135,596
9,388,143
41,333,673
78,315
45,711,343
58,333,520
215,561
3,401,489
65,562,468
4,627,282
66,009,482
8,086,393
8,325,789
3,419,299
197,689,693
70,947,053
25,778,062

745
8,442
483
1,376
53
5,423
1,964
169
6,186
12,349
5,415
2,753
1,068
4,335
1,279
9,002
5,230
1,372

306
3,471
199
566
22
2,230
808
69
2,544
5,077
2,226
1,132
439
1,782
526
3,701
2,150
564

Mean

1,062,545,265

52,852,015

3,758

1,545

Mean (wlo 1984,1987)

1,189,506,616

59,440,150

4,214

1,733

530,017,006

56,622,648

2,633

1,082

1998

Source: 1998 Ichthyoplankton Entrainment Monitoring at PNPS. MRI, 1999.
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Figure 5.1-1 High Tide Surface Isotherm Areas, 1973. (Stone and Webster, 1975)
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Figure 5.1-2 DistributIon of Chondrus crispus stands along the Plymouth shoreline (Ryther et a., 1974)
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Figure 5.3-la-i Geometric mean monthly densities per 100m3 of water In the PNPS discharge
canal for the eight numerically dominant egg species and total eggs, 1998 (bold
line). Solid lines encompassing shaded area show high and low values over the
1981-1 997 period (Marine Research Inc., 1999).

Brevoorlia tyrannus
Gadidae-Glyptocephalus
Enchelyopus-Urophycis
Peprilus
Pdonotus spp.

Labddae-Pleuronectes
Scomberscomfbrus
Paralichthys-Scophthalmus
Hippoglossoidesplatessoides
Total eggs

To the right are plotted integrated areas under the annual entrainment abundance curves for
1975-1998. An asterisk above 1984 and 1987 marks the two years when values may have
been low due to low through-plant water volumes from April-August. An asterisk above 1976
indicates abundance value may be low due to absence of sampling during January-late April;
see text for clarification. Ught bars represent indices based on monthly arithmetic means,
solid bars (1981-1998) indices based on monthly geometric means.
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Figure 5.3-2a-n Geometric mean monthly densities per I NOm3 of water in the PNPS discharge
canal for the thirteen numerically dominant larval species and total larvae, 1998
(bold line). Solid lines encompassing shaded area show high and low values over
the 1981-1997 period (Marine Research, Inc., 1999).

Brevontia tyrannus

Tautogolabrus adspersus

Clupea harengus

Ulvarta subbffurcata

Enchetyopus dcmbdus

Pholis gunnellus

Urophycs spp.

Ammodytes sp.

Myoxocephalus spp.

Scomberscormbrus

upars spp

Pleuronectes arnecanus

Tautoga onits

Totallarvae

To the right are plotted integrated areas under the annual entrainment abundance curves for
1975-1998. An asterisk above 1984 and 1987 marks the two years when values may have
been low due to low through-plan water volumes from April-August. An asterisk above 1976
indicates abundance value may be low due to absence of sampling during January-late April;
see text for clarification. Ught bars represent indices based on monthly arithmetic means,
solid bars (1981-1998) indices based on monthly geometric means.
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higure 5.3-3 Results of the 1998 Qualitative Transect Surveys of the PNPS Acute Impact Zone
IIoff the Discharge Canal taken in March, June, and October 1998 (ENSR, 1999).
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Figure 5.3-4a Mean number of age 3+ winter flounder with 95% confidence limits in western
Cape Cod Bay under five entrainment levels. Percent population reduction
relative to a 254K base population is shown along the top (Marine Research Inc.,
1999).

Winter Flounder Population Size
Numbers Of Age 3+ Fish
ln

..

;c

500

3.2%

36.9%

20.3%

3.%

4-5%

400
300

T

-X

T

-

I: : . . .

200

.. .....

100l
0

'lb

3 -A

Emraia0sas,
Leve
Ew~nn=cxw

Bmas puatkm = 253.800 AgeS'.

Figure 5.3-4b Mean number of age 3 winter flounder with 95% confidence limits for each 25
yearly time steps, PNPS simulation model based on empirical entrainment data
from 1980-1999. Base population =300K (Marine Research Inc., 1999).
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Figure 5.3-5a Mean number of age 1 winter flounder lost with 95% confidence limits for each of
25 yearly time steps. PNPS simulation model based on empirical entrainment data
from 1980-1999 (Marine Research Inc., 1999).
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Figure 5.3-5b Mean number of age 3+ winter flounder with 95% confidence limits for each 25
yearly time steps, PNPS simulation model based on empirical entrainment data
from 198-1999. Base population = 254K (Marine Research Inc., 1999).
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Figure 5.3-6 Numbers of equivalent adult cunner estimated to have been lost to entrainment at
PNPS, 1980-1998 (Marine Research Inc., 1999).
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6.0 ALTERNATIVE TECHNOLOGY ASSESSMENT
Section 5 concludes that there is no adverse impact on the aquatic ecosystem of Cape Cod Bay.
Nevertheless, the technology assessment reviews alternative methods for reducing impingement and
entrainment at the Intake. The evaluation criteria include engineering and biological factors. The
engineering factors that are considered in Section 6.1 include effectiveness, technical feasibility and
reliability, potential for other adverse effects, safety concerns, and cost. The biological factors that are
considered in Section 6.2 include thermal conditional mortality, entrainment conditional mortality,
impingement conditional mortality, total conditional mortality, anthropogenic non-plant related
conditional mortality, migratory effects and other aquatic effects.
6.1

Evaluation of Technologies

The alternative methods for reducing impingement and entrainment are evaluated in this section based
on the following criteria:
Effectiveness: The potential effectiveness of the alternative to reduce impingement and entrainment of
aquatic organisms (larvae and fish) is evaluated on a generic basis. Factors that measure
effectiveness Include the maximum intake velocity, the maximum intake flow rate, the maximum
thermal discharge rate and the maximum delta T twenty feet from the outfall. The maximum intake
velocity affects the ability of the fish to swim to avoid or be drawn to the intake structure.
The
acceptable velocity depends on the fish to be protected and the type of technology used. For example,
the acceptable Intake velocity for a flat flow through screen will differ from the acceptable velocity for a
velocity cap intake or louver diversion structure. (The biological impact to species native to Cape Cod
Bay is addressed in detail in Section 62)
Technical feasibilitv and reliability: Technical feasibility involves the analysis of the technical difficulties
associated with the construction, operation, and maintenance of the alternative. It considers the
availability of the necessary equipment and skilled workers to build and operate the alternative.
Reliability involves analysis of the alternative's consistent ability to deliver water to the PNPS cooling
system. The long-term reliability of each alternative depends on reasonable levels of maintenance to
prevent corrosion or fouling and to clean and repair elements of each technology
Adverse effects: Adverse environmental effects, other than to aquatic ecology, to be considered
include disruption of natural resources, noise, aesthetic and air pollution effects. Navigation issues are
also identified in this section.
Nuclear Safety Concerns: At a nuclear power plant, reliable -water supply is critical to the safe
operation of the facility. Issues related to safety of the plant, its operating staff and the surrounding
community subject to oversight by the NRC are of primary concern in this evaluation.
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Cost The financed capital cost and the present value of the annual operation and maintenance costs
(O&M) are evaluated. The capital cost includes the purchase and installation of new equipment or the
retrofit-of existing equipment and financing. The cost of lost generation during construction of the
altemative is included in the capital cost. The O&M costs include the additional costs to operate and
maintain the new/retrofitted equipment The O&M costs also include lost generation due to decreased
thermal efficiency. The estimated costs are calculated based on a 30 year period at a discount rate of
9%.-'
6.1.1

Behavioral Barriers

General Description:
Behavioral barriers are intended to cause fish to actively avoid entry into the intake flow. Examples
include sound barriers, light barriers, air bubble curtains, chains and cables, and electrical barriers.
They are often implemented in combination with other devices such as physical barriers (e.g. fish
nets). The potential behavioral barriers are briefly described below. The light barrier system, which is
the most promising behavioral barrier, will be summarized after these brief descriptions.
Sound barriers consist of devices located at the intake structure, which create sound that repels the
fish. Three types of underwater sound have been tested for this application, low-frequency infra-wave'
sound, low-frequency sound generated by pneumatic/mechanical devices, and transducer-,generated
sound covering a wide range of frequencies. The most effective devices appear to be those which
produce the low frequency, high-intensity sound. Pneumatic impact devices, 'poppers7, and
"hammers7 are examples of devices that have been effective in reducing impingement of some fish
such as alewife at power plant intakes. (There is some concern; however, that pressure waves from
pneumatic devices may be harmful to nearby organisms). In most cases, the use of high-intensity,
multi-frequency sound has not been effective in repelling fish from intakes due to the diversity of
species and sizes of species in the receiving water.
Air bubble curtains or screens consist of a series of diffuser pipes mounted on the base of the intake
structure. The diffusers create a continuous, dense curtain of bubbles, which can repel fish.
Generally, the air bubble screens have not been successful. They are not effective at night and in
turbid water. In one case, at Indian Point Generating Station on the Hudson River, the air bubble
screen actually attracted fish at night.
Chains or cables can be hung vertically from the top of the intake structure to form a physical, visible
barrier to fish. The results of studies of this behavioral barrier have been contradictory. The
effectiveness of chain barriers is dependent on flow velocity, turbidity and illumination. Debris buildup
on hanging chains can disrupt hydraulic flow patterns at the intake (EPA, 1993).
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Electrical barriers consist of a series of electrodes at either side of the intake structure. Electrical
barriers are not appropriate in marine environments because of the high electrical conductivity of salt
water.
Light barriers consist of a series of underwater lamps that emit a constant or intermittent (strobe)
beam of light. The effectiveness of light barriers as a deterrent has been contradictory in many
studies. In some studies fish are attracted to light while in others they are repelled. Constant light has
been more effective than strobe light in guiding young salmon whereas strobe light has been effective
in repelling alewife and gizzard shad. Filtered mercury vapor light has been found to attract certain
species of fish in field studies in Europe. At the Nanticoke Generating Station on Lake Ontario, smelt,
shad, white bass and shiner have been successfully guided away from intake trash racks using
mercury vapor light (EA, 1987).
Specific Descriation:
Of the behavioral barriers considered, it appears that the light behavior barrier would be most effective
in reducing impingement. For this assessment, the strobe light type system will be evaluated to repel
the fish away from the intake structure. The proposed system would include a metal support structure
constructed at the front of the intake, the strobe lights mounted on the supports, the power supply,
controllers, power cables and mounting hardware. The configuration of the strobe light system is
shown in Figure 6.1-1.
Effectiveness:
-,Because these barriers rely on the ability of the organism to respond to a stimulus, they are not
effective in protecting fish eggs and larvae, or other planktonic organisms. In addition, the
*effectiveness of these barriers varies among species and across age groups within species. These
baniers are most effective when a single species of fish of the same size and age is to be protected.
Many the behavioral barriers have not been field tested so their effectiveness has been extrapolated
from laboratory studies. None of these devices have been demonstrated to be consistently reliable in
obtaining an avoidance response from a wide range of fish species. Specifically, the effectiveness of
light barriers has not been adequately tested in the field.
Technical Feasibilitv/Reliabilitv:
The construction and technology used in this option have been widely used in other fields. The longterm reliability of the light barriers has not been confirmed in the field. Maintenance of the system
including cleaning and replacement of light bulbs and prevention of corrosion of the supporting
structure is relatively labor intensive.
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Other Adverse Effects:
There are no likely adverse effects of the behavioral barrier alternative.
Safetv Concerns:
There are no safety concerns with this alternative
Cost:
The estimated financed capital cost of a strobe light barrier is $1.65M (on a capital cost of $566,000).
The present value of operation and maintenance costs is estimated to be $997,000 (on an annual cost
of $97,000). Operation 'and maintenance costs include replacement of 63 strobe lights each year
using divers, and 10 hours per week of on-site monitoring by PNPS staff. Construction of this
alternative should not interrupt the station operation.
6.1.2

Diversion Devices

Descrintion:

Diversion devices are physical structures intended to guide fish away from and out of the intake flow.
Examples of such devices include louvers and barrier nets. Louvers are made up of a series of evenly
spaced, vertical slats which are placed across a channel at an angle leading to a bypass area. The
louvers create localized turbulence that the fish detect and avoid. The louver systems have been
tested at hydroelectric facilities on rivers.
Barrier nets are fish nets placed across the entrance to the intake channel. The mesh size is generally
relatively large to prevent excessive clogging. The barrier nets have been implemented at riverine
intakes where the velocities were well below 0.5 fps. At greater intake velocities there is the potential
for greater impingement At one Lake Erie facility where the velocity was greater than 1.3 fps, the net
clogged with fish and collapsed (Stone and Webster, 1981).
For this report, louvers will be evaluated as the diversion alternative because they are potentially more
effective than the barrier nets. The louvers would be placed in a line across the entrance to the intake
embayment at angles to the northeast so that fish would continue east in the direction of the current
and away from the embayment. The louvers would be constructed of material compatible with the
harsh marine environment (i.e. polyethylene plastic slats on stainless steel frame). They would be
spaced approximately 12 inches apart for the entire distance across the embayment entrance (750
feet) and would extend from mean sea level to the embayment bottom 20 feet below. The.
configuration of the louvers is shown in Figure 6.1-2.
Maw 2e00
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Potential Effectiveness:
Neither of the diversion devices is effective in deterring fish eggs and larvae, or other ptanktonic
organisms. Both diversion devices have been shown to be effective in diverting migratory fish from
intakes in riverine systems though neither has been applied in coastal settings. The louvers have only
been tested in rivers with a substantial current velocity along the bank. They are most effective in
confined channels.
Technical Feasibility/Reliabilit:
The louver system includes technologies and construction techniques which are well understood and
in widespread use. Clogging of the louvers will be a potential concern in the marine coastal conditions
with lower current velocities.
Potential for Other Adverse Effects:
This alternative would limit or eliminate access to the existing boat launch and the embayment area.
The alternative includes gates that would be installed along the structure to allow the occasional
passage of fishing boats and the dredging barge. Navigation would be impeded by this alternative.
Disruption of the benthic environment would occur during construction.
Safety Concerns:
There are no potential safety concerns with this technology.
Relative Cost:
The estimated financed capital cost for Installation of the louvers is $14.1M (on a capital cost of
$4.82M). The estimated present value of the operation and maintenance cost is $541,000 (on an
annual cost of $52,700). Operation and maintenance costs include two 6-day dives per year to clean
and maintain the louvers, 5 hours per week of PNPS staff time and $3000 per year for replacement
parts. The construction of the louver system should not interrupt station operations.
6.1.3

Altemative Intake Systems (Offshore, submerged Intake structure with velocity
cap)

Description:

The most appropriate alternative intake design for further evaluation is an offshore, submerged intake

structure. The offshore intake would include a 30foot deep vertical shaft, a one-mile long tunnel and
velocity cap. The intake would be located approximately one mile away from PNPS at the
J-\Pubs~mw97VProjeCtS\0O70021\2c&edate.doc6-Mac,20
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approximate 36-foot depth contour in Cape Cod Bay. The horizontal flow (designed at 0.5 fps) created
by the velocity cap on the vertical intake would reduce the potential for fish impingement. The
configuration of the offshore intake structure is shown in Figure 6.1-3.
Potential Effectiveness:
The offshore intake with a velocity cap design could result in lower fish impingement however, it could
result in an increased entrainment rate. Because winter flounder larvae, especially in the later larval
stage, are likely to be concentrated at the bottom of the water column, implementation of the offshore
intake could result in higher entrainment of winter flounder larvae. The submerged offshore intake
would result in lower Intake and discharge temperatures.
Technical Feasibilitv/ReliabiliM
The technology and construction techniques required for installation of submerged intake structures
are well known and understood. Submerged intakes have been constructed at several facilities and
have been shown to be reliable in the long term.
Potential for Other Adverse Effects:
Navigation would be affected by this alternative. There is a potential hazard from commercial fishing
gear getting caught on the intake structure. Disruption of the benthic environment would occur during
construction.
Safety Concerns:
There are no safety concerns associated with this technology.
Cost:
The estimated financed capital cost of the submerged offshore intake is $236 M (on a capital cost of
$80.9 M). The present value of the operation and maintenance costs is estimated to be $1.52M (on an
annual cost of $148,000). The O&M costs include replacement parts, one 6-day dive per year for
maintenance, PNPS monitoring 10 hours per week, and operation of the booster pump. The estimated
construction period is 18 months.
6.1 A

Alternative Intake Screen Systems

The alternative intake screen systems to be considered include wedgewire screens, fine mesh
screens, and "Gunderboom". Each of these screen systems is prone to clogging and fouling. As a
result, each alternative includes maintenance systems to clean the screens or prevent clogging (e.g.
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bar screens). In addition, each system is designed so that the existing intake system can be used as a
backup in case dogging does occur.
6.1 A.1

Wedgewire Screens

Descriotion:
Wedgewire screen is constructed of wire of triangular cross section so that the surface of the screen is
smooth while the screen openings widen inwards. The cylindrical screen design has been used at
power station applications. Cylindrical screens can be cleaned with compressed air backflushing in the
marine application where there is minimal cross flow.
In order to place the screens in an area where the current is sufficient to prevent burial from
sedimentation, it is proposed that the intake system be located outside the embayment approximately
1500 feet north of the existing intake. A 1500-foot long tunnel system similar to that described in
Section 6.1.3 is included in this altemative.
For this study, a staggered array system of approximately 15 tee shaped cylindrical screens of onemm slot size attached to three large diameter conduits is evaluated. Each screen would be
approximately 84 inches In diameter and 23 feet long. The screens would be cleaned periodically with
an automatic compressed air system. A large plenum structure would be added to the front of the
intake structure to distribute the flow from the intake array. The existing intake structure would remain
intact and functional. It could be used as a backup to the wedgewire screen system. The plenum
structure would have openings that would allow flow to pass in case of screen clogging. The
conceptual design of the wedgewire array system is shown in Figure 6.1-4.
Effectiveness:
Wedgewire screens have been demonstrated to essentially eliminate impingement and, for smaller slot
sizes, reduce larval entrainment In one application on Lake Michigan, entrainment may have
increased due to spawning activities and attraction of fish to the intake structure.
Technical Feasibilitv/Reliabilitv:
Wedgewire screens have been widely used for hydropower diversion structures. The cylindrical pipe
inlets have been used successfully for many years for water withdrawals up to 100,000 gpm.
Withdrawals of larger quantities are rare. The wedgewire cylindrical screens have only been
implemented at two power plants. of size similar to PNPS, Campbell Unit 3 on Lake Michigan, and
Eddystone Unit 1 on the Delaware River. The long-term reliability of the wedgewire screens of the
one-millimeter size is unknown. The automatic backflushing would reduce screen fouling. Although
some vendors have proposed construction materials which would prevent mussel or other biological
J-\PtibsVnw97\Proiec%\097002120ftftdacted.doc
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growth (Johnson, 1998) on the screens, the requirements for biofouling control are uncertain and could
be substantial. In waters with minimal current, debris accumulation may be excessive and
backwashing ineffective. In addition, sedimentation may cover the cylindrical screens.
Potential for Other Adverse Effects:
Navigation would be affected by this alternative. Disruption of the benthic environment would occur
during construction.
Safety Concerns:
Clogging of the screens is a safety concern; however, the backup intake system has been provided in
the conceptual design to alleviate this concern. There are no additional safety concerns associated
with this technology.

Cost:
The estimated financed capital cost for the wedgewire screen alternative is $114M (on a capital cost of
$39.1 M). The present value of the operation and maintenance costs is estimated to be $1.46M (on an
annual cost of $142,000). O&M costs include two maintenance dives (6 days each) each year,
replacement parts, operation of the duplex booster pumps, and system monitoring by PNPS staff (10
hours per week). The estimated construction period is 18 months.
- A6.142

Q

Fine Mesh Screens

Description:

The existing 10-foot wide vertical traveling screens at PNPS are constructed of stainless steel wire
mesh, with % inch wide, k inch tall spacing. They are not capable of screening ichthyoplankton from
intake water. Because mesh spacing of less than one millimeter will prevent entrainment of fish eggs
and larvae, this spacing is assumed for this alternative. In addition, an approach flow of 0.5 fps was
assumed for the fine mesh screens in order to protect the larvae and to prevent overloading of the
screens with seaweed during the summer.
Because of the reduced flow area for one-mm mesh, the existing screen configuration cannot be used.
Approximately 12 ten-foot wide travelling screens would be required to maintain the required flow and
velocity in the intake structure. The screens would be operated continuously to prevent excessive
accumulation of debris and organisms. The 12 fine mesh screens would be mounted in an entirely
new intake structure constructed in front of the existing structure. The existing intake structure would
remain in place as a backup to the new system. Bypass gates would be installed to direct flow around
the new structure in case of blockage.
JV.ut*VM9N'rcWMM1%2dac6d.dW
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The fine mesh screen structure would include curtain walls at the front and back to protect against
floating debris and ice, bar racks to prevent large debris from damaging the fine mesh screens, an
open sluice fish return system, a trash sluicing system and a screen wash system. The new structure
would be connected to the existing intake structure with sheet pile walls filled with tremie concrete. In
order to provide backup in case of screen blockage, the new forebay would have bypass gates in its
walls sized to pass 50% of the total flow or 155,000 gpm to the existing intake (assuming the blocked
fine screens could pass a similar amount). The configuration of the fine mesh screen altemative is
shown In Figure 6.1-5.
Effectiveness:
Fine mesh screens have not proven to be effective in substantially reducing winter flounder larvae
entrainment losses. At Brayton Point Station, there was only a 6.5% survival of winter flounder larvae
washed off fine mesh screens.
Technical Feasibilitv/Reliabilitv:
The technology and construction techniques required for this option have been widely used at power
plants and on other marine structures; however, fine mesh traveling screens have been implemented
at power plants with limited degrees of reliability. At two power stations, Millstone and Brayton Point,
the fine mesh screens were replaced with standard screen mesh after clogging incidents. Fouling of
the intake screens is a routine maintenance issue. The existing intake structure and screens have
been retained in this alternative in case the fine mesh screens become clogged and compromise the
safe operation of the plant
Potential for Other Adverse Effects:
There are no other potential adverse effects associated with this technology.
Safety Concerns:
Clogging of the screens is a safety concern; however, the backup intake system has been provided in
the conceptual design to alleviate this issue., There are no additional safety concerns associated with
this technology.

..

Cost:.--

The estimated financed capital cost of the fine mesh screen alternative is $142 M (on a capital cost of
$48.6 M). The present value of the operation and maintenance costs is estimated to be $700,000 (on
an annual cost of $68,200) per year. O&M costs include one maintenance dive (6 days) each year,
Mavh. 2000
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replacement parts, and system monitoring by PNPS staff (10 hours per week). The estimated
construction period is 9 months.
6.1A.3

Gunderboom'

DescriDtion:
The Gunderboom system is a full water depth filter (double panel) curtain suspended from flotation
billets at the water surface and secured in place by an anchoring system. The system includes
mooring lines, ballast chain, anchoring system and the automated/computerized "Air Burst technology
curtain cleaning system. In order to provide protection for the Gunderboom system during the potential
storms at PNPS, a wave barrier system will be located outside the embayment entrance. To provide
backup in case of a catastrophic collapse of the curtain under severe conditions, a fixed screen
assembly will be installed immediately north of the existing intake structure. In addition, the
Gunderboom system would be removed after the peak impingement/entrainment periods to minimize
potential for failure of the filter and clogging of the cooling water system. The 1500-foot long
Gunderboom filter would be installed across the intake embayment as shown in Figure 6.1-6. The
fabric would be designed with a flow capacity of 15 gpm per square foot. Automatic alarms and
monitors would be installed in an appropriate control room at PNPS to monitor the Gunderboom
alignment and system operation.
Effectiveness:
Gunderbooms have proven to be effective in substantially reducing larvae entrainment and fish
impingement losses at power station intakes on the Hudson River. However, they have not been
applied to an exposed coastal setting like PNPS.
Technical Feasibilitv/Reliabilitv:
The technology and construction techniques required for this option have been used at power plants in
New York State. Clogging of the Gunderboom is a routine maintenance issue. The existing intake
structure and screens have been retained in this alternative in case the OGunderboome becomes
clogged and compromises the safe operation of the plant
Potential for Other Adverse Effects:
Navigation would be affected by this alternative.
Safetv Concerns:

March, 2000
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Clogging of the screens is a critical safety concern. Despite the installation of the backup fixed screen
and seasonal implementation of the Gunderboom system, the potential catastrophic collapse of the
filter and subsequent clogging of the existing intake system makes the viability of this alternative
uncertain. There are no additional safety concerns associated with this technology.
Cost:
The estimated financed capital cost of the Gunderboom alternative is $26.8 M (on a capital cost of
$9.19 M). The present value of the operation and maintenance costs is estimated to be $221 M (on
an annual cost of $216,000). The O&M costs include the mobilization and installatiorn/demobilization
and removal of the system each year. They also include regular underwater inspections of the filter
curtain each month and one thorough underwater inspection each year. The estimated construction
period is 3 months. This alternative would not interrupt station operations.
6.1.5

Closed Cycle Systems

The existing PNPS cooling water system uses seawater as the heat sink in the condenser and is
considered an open cycle or once-through cooling system. Closed cycle systems recirculate the
cooling water in a closed piping system. The heated water from the condenser is cooled down in each
cycle using evaporative cooling in mechanical draft or natural draft cooling towers. The exhaust steam
is condensed directly by air in a dry cooling tower (air-cooled condenser) closed cycle system. The
closed cycle evaporative cooling systems use a fraction of the water required in once-through cooling
systems. Because minimal fresh water supply is available at PNPS, the cooling towers are assumed
to use salt water. The dry tower requires no water withdrawal.
6.1.5.1

Mechanical Draft Cooling Tower

Description:
As a portion of the cooling water evaporates in the mechanical draft or natural draft cooling towers, the
remaining water is cooled. This cooled water is then recirculated to the condenser to cool and
condense the steam from the turbine. In the mechanical draft-cooling tower, fans are used to circulate
air that flows against the heated water sprayed inside the tower. Cooled water is collected in the tower
basin and returned to the condenser. Water must be introduced into the system at regular intervals to
make up for losses due to blowdown and evaporation.
At PNPS, the use of the salt-water mechanical draft-cooling tower would reduce the cooling water
withdrawal from the bay from 321,000 gpm to 19,000 gpm.
The mechanical draft cooling tower alternative would include one 420-foot long, 125-foot wide, 50-foot
tall tower located in the existing upper parking area, a new water circulation system, and a booster
J.\PLbS\MW97V\09700211200\S6rodaCtOd.doe
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pump located at the tower. The tower will have a counter-flow configuration with disc-shaped PVC fill
mass. Freeze protection systems are included.
The cooling tower system will be designed and constructed to protect from the increased rates of
corrosion, biofouling, and scaling due to salt-water usage. For maximum resistance to sulfate attack,
the cooling tower concrete components will be constructed of Type II Porland cement' The concrete
mix will be rich with a low water to cement ratio. In addition, concrete rebar reinforcement will be
epoxy coated to resist corrosion. Castings and louvers will constructed of glass reinforced polyester to
minimize corrosion. Tower fill will be of wood or durable plastics that perform well in salt water towers.
Mechanical equipment will be constructed of epoxy-coated cast iron or stainless steel. To prevent
biofouling in the cooling tower system, the circulating water will be chlorinated. Non-oxidizing biocides
may also be used'to maintain control of biofouling. The-blowdown from the cooling tower would be
dechlorinated prior to discharge to the bay. Scaling due to the concentration of salts in the cooling
tower can potentially decrease the thermal performance of the cooling tower and the power plant
condenser. Adjusting the tower size, fan horsepower and circulating rate during design can eliminate
the potential loss of thermal performance in the cooling tower. Potential scaling in the condenser
would be minimal at seawater concentrated to approximately 55,000 ppm salinity. At salinity
concentrations of 55,006 ppm or greater, pH control would be added to prevent scaling in the
condenser.
The makeup flow, 9,000 gpm, would be pumped to the circulating water system from the current intake
structure via two makeup pumps. Blowdown would be discharged from the tower basin to the
discharge canal via a buried concrete pipe. A drift elimination system will reduce the drift rate to
0.005% of the circulating water flow. The configuration of the mechanical draft cooling tower
altemative is shown in Figure 6.1-7.
Effectiveness:
The mechanical draft cooling tower altemative would effectively reduce both impingement and
entrainment in proportion to the flow reduction from 321,000 gpm to 19,000 gp1m.
Technical Feasibility and Reliability:
The technology proposed for this alternative is well known and has been implemented for similar
power plants. However, salt water has been used rarely for makeup in cooling towers for power
stations. It is assumed that the existing condensers at PNPS could be used for this application with
minor modifications. The additional fans, circulating water pumps, and makeup water pumps included
in the mechanical draft cooling tower altemative would require power from the plant. In addition, the
turbine performance would be hindered, especially during summer months to compensate for the
higher average cooling water temperature, 90 degree F, in the closed cycle system.
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Other Adverse Side Effects:
include fogging,
The potential adverse side effects associated with the mechanical draft cooling tower
The 50-foot
months.
aesthetic concerns, and salt drift. There is potential for fogging during winter
on the adjacent
tower located on the hill could create an adverse visual impact for boaters, vehicles
road, and nearby homeowners.
Safety Concerns:
There are no safety concerns with this alternative.

Cost:
(on a capital
The estimated financed capital cost of the mechanical cooling tower alternative is $279M
from the two month long tie-in operation
cost of $95.6M). The capital cost includes the losses, $_,
estimated to be
during construction. The present value of the operation and maintenance costs are
fan and pump
$143M (on an annual cost of $13.9M) due to loss of thermal efficiency and additional
power production
power demands. For this estimate, it is assumed that the cooling tower would lower
is 24 months.
alternative
this
for
per year. The estimated construction period
by 5% at a cost of $
6.1.5.2

Natural Draft Cooling Tower

Descrigtion:
cooling towers;
Natural draft cooling towers operate in essentially the same way as mechanical draft
naturally induces
however, the temperature difference between the top and bottom of the towers
the use of the
airflow through the towers to cause evaporation and to cool the water. At PNPS,
from the bay from
natural salt-water draft-cooling tower would reduce the cooling water withdrawal
321,000 gpm to 19,000 gpm.
diameter tower
The natural draft cooling tower alternative would include one' 580-foot tall, 480-foot
pump located
booster
a
and
located in the existing upper parking area, a new water circulation system,
fill mass. Freeze
at the tower. The tower will have a counter-flow'configuration with disc-shaped PVC
protection systems are included.
increased rates of
The cooling tower system will be designed and constructed to protect from the
to sulfate attack,
corrosion, biofouling, and scaling due to salt-water usage. For maximum resistance
The concrete
cement.
the cooling tower concrete components will be constructed of Type II Portland
reinforcement will be
mix will be rich with a low water to cement ratio. In addition, concrete rebar
polyester to
epoxy coated to resist corrosion. Castings and louvers will constructed of glass reinforced
in salt water towers.
minimize corrosion. Tower fill will be of wood or durable plastics that perform well
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Mechanical equipment will be constructed of epoxy-coated cast iron or stainless steel. To prevent
biofouling in the cooling tower system, the circulating water will be chlorinated. Non-oxidizing biocides
may also be used to maintain control of biofouling. The blowdown from the cooling tower would be
dechlorinated prior to discharge to the bay. Scaling due to the concentration of salts in the cooling
tower can potentially decrease the thermal performance of the cooling tower and the power plant
condenser. Adjusting the tower size, fan horsepower and circulating rate during design can eliminate
the potential loss of thermal performance in the cooling tower. Potential scaling in the condenser
would be minimal at seawater concentrated to approximately 55,000 ppm salinity. At salinity
concentrations of 55,000 ppm or greater, pH control would be added to prevent scaling in the
condenser.

The makeup flow, 9,000 gpm, would be pumped to the circulating water system from the current intake
structure via two makeup pumps. Blowdown would be discharged from the tower basin to the
discharge canal via a buried concrete pipe. The drift elimination system will reduce the drift rate to
0.005% of the circulating water flow. The configuration of the natural draft cooling tower alternative is
shown in Figure 6.1-8.
Effectiveness:
The natural draft cooling tower alternative would effectively reduce both impingement and entrainment
in proportion to the flow reduction from 321,000 gpm to 19,000 gpm.
Technical Feasibility and Reliability:
The technology proposed for this alternative is well known and has been implemented for similar
power plants. 'However, salt water has rarely been used for makeup in cooling towers for power
stations. It is assumed that the existing condensers at PNPS could be used for this application with
minor modifications. The additional fans, circulating water pumps, and makeup water pumps included
in the mechanical draft cooling tower alternative would require power from the plant. In addition, the
turbine performance would be hindered, especially during summer months to-compensate for the
higher average cooling water temperature, 90 degree F, in the closed cycle system.
Other Adverse Side Effects:
The potential adverse side effects associated with the natural draft cooling tower include fogging,
aesthetic concerns, and salt drift. There is potential for fogging during winter months. The 200-foot
tower located on the hill would create an adverse visual impact for boaters, vehicles on the adjacent
road, and nearby homeowners.
Safety Concerns:

6-1
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There are no safety concerns with this alternative.
Cost:
The estimated financial capital cost of the natural draft cooling tower alternative Is $384M ion a capital
cost of $131 M). The capital cost includes the losses, $,
from the two month long tie-in operation
during construction. The present value of the operation and maintenance costs is estimated to be
$131M (on an annual cost of $12.8M) due to loss of thermal efficiency and additional pump power
demands. For this estimate, it is assumed that the cooling tower would lower power production by 5%
at a cost of $
per year. The estimated construction period for this alternative is 24 months.
6.1.5.3

Dry Cooling Tower (Air Cooled Condenser)

Description:
The dry cooling tower is essentially a condenser that is cooled directly by ambient air hence the term
"air cooled condenser". Air-cooled condensers act like an automobile radiator. Large fans blow air
across the finned cooling surface of the air-cooled condenser to condense the steam inside. Since the
steam is condensed in a closed cycle, no makeup water is required to compensate for evaporative
losses. Air-cooled condensers cannot cool exhaust steam to the same level as mechanical draft or
natural draft cooling towers. As a result, air cooled condensers reduce the efficiency of the power plant
in comparison to evaporative cooling towers. The plant must therefore use additional fuel with dry
cooling systems than with evaporative cooling systems to produce the same amount of power.
For the PNPS system, the air-cooled condenser alternative would include one 90-cell condenser with
fans (680 feet by 190 feet in area), a system of steam ducts (22 foot diameter) to transport the exhaust
steam to the condenser, auxiliary equipment, and the condensate return system. The total power
demand for the fans and other equipment would be 10 MW. The condenser would be located adjacent
to the plant. No cooling water is required for this alternative. The remaining saltwater withdrawal,
10,000 gpm, from Cape Cod Bay would be for station support. The configuration of the air-cooled
condenser alternative is shown in Figure 6.1-9.'
Effectiveness:

The dry cooling tower alternative would effectively reduce both impingement and entrainment to only
that caused by the withdrawal of service water or 10,000 gpm. Technical Feasibility and Reliability:
The technology proposed for this alternative is well understood; however, it is not known to have been
implemented at power stations of the size of PNPS. The additional fans and auxiliary equipment
J:Pubs~mw97%Projects\O70021'20O'.6.doc
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required for the dry cooling tower alternative would require 10 MW of power from the plant. In addition,
the thermal efficiency of the power plant would be reduced in comparison to the other cooling water
systems.
Other Adverse Effects:
The primary potential adverse side effect associated with this alternative is noise. The fans from this
system would produce approximately 55 dba. Further study would be required to adequately quantify
this effect. If noise levels were elevated above community requirements, quiet fan blades could be
installed at a substantial cost, perhaps on the order of $4 Million.
Safetv Concerns:
There are no safety concerns with this altemative.
Cost:
The estimated financed capital cost of the dry cooling tower alternative is $371 M (on a capital cost of
from the two month long fie in operation during
$127M). The capital cost includes the losses, $,
construction. The present value of the operation and maintenance costs is estimated to be $170M (on
an annual cost of $16.6M) due to loss of thermal efficiency and additional fan power demands. For
this estimate, it is assumed that the cooling tower would lower power production by 6% at a cost of
$_ per year. The estimated construction period for this alternative is 24 months.
6.1.6

Variable Speed Pumps

Description:
The use of variable speed pumps at the intake would allow the reduction in cooling water flow during
periods of peak entrainment and impingement. In this alternative, the variable speed pumps are
adjusted to decrease the flow by 25% over a four-month period each year. This alternative would
require replacement of the existing single speed drive with an adjustable speed drives (ASD) on each
of the two circulating water pumps. The primary disadvantages of this alternative are that the reduction
in flow through the condensers could cause operational difficulties (i.e condenser tube fouling), could
result in decreased thermal efficiency in the turbines, might require condenser replacement, and could
increase the thermal plume effects at the discharge. An on-line condenser tube cleaning system is
included in this alternative to alleviate the predicted tube fouling.
Effectiveness:
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through the intake would effectively
The use of variable speed pumps to decrease the flow of seawater
resulting increase in temperature
reduce the entrainment and impingement in the system; however, the
of fish.
in the discharge could increase the potential for thermal mortality
Technical Feasibility and Reliability:
is a technically feasible and reliable
The replacement of the existing single speed drives with ASDs
the existing PNPS condensers, this
alternative; however, under full power production conditions using
the reliability of the entire system.
altermative, specifically the 25% reduction in flow, could reduce
Potential for Other Adverse Effects:
station output would result in an
As noted above, reduction in cooling water flow during normal
increased thermal plume effects.
increased discharge delta T value which could, in turn, could cause
Safety:
compromise the safety of the
The reduction in flow via ASD on the circulating water pumps could
limits. As a result, replacement of the
operation, as the condensers would be operating beyond their
system at a cost of $15M.
condenser might be required to rectify potential Instability in the
Cost:
is $16.7M (on a capital cost
The estimated financed capital cost of the variable speed pump alternative
and production losses for the 5 day
of $5.71 M). The capital cost includes the installation of the ASDs
operation and maintenance costs is
long tie-in operation during construction. The present value of the
of thermal efficiency and the gain in
estimated to be $72M (on an annual cost of $7.02M) due to loss
For this estimate, it is assumed that
not operating the pumps at full capacity for the four-month period.
per year. The
at a cost of $
the 25% reduction in flow would lower power production by 10%
If replacement of the condenser is
construction period for ASDs is estimated to be 2 weeks.
(on a capital cost of $76M).
necessary, the estimated financed capital cost would be $222M
6.1.7

Cooling Water Bypass Flow

DescriDtion:

station
This option would reduce the cooling water flow rate through
There would
corresponding amount of bypass flow into the discharge canal.
(and
the condensers, but a similar flow rate and delta T to the design
condensers
discharge canal. The'reduction In flow rate through the

J:Puibs~nwg7AProjects\0970021\200\s6.doC

-7Mrc,20
6-17

condensers and add a
be higher delta T value in
permitted) values in the
could result in reduced
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entrainment losses. This assumes that mortality in the discharge canal would be less than that in the
station condensers.
For this alternative, diversion of 25% of the normal cooling water flow, or 77,750 gpm, over a fourmonth period each year is evaluated. One transition structure containing sluice gates would be
constructed upstream of the pump discharge in the existing 90-inch concrete pipe. One-hundred lineal
feet of 48-inch concrete pipe would be installed below ground to connect the existing 90-inch pipe to'
the 126-inch concrete pipe which discharges to the plant discharge canal. One transition structure will
also be constructed at the intersection of the newly installed 48-inch pipe with the existing 126-inch
pipe. Because the PNPS condenser has limited capacity, its replacement may be required, at a cost of
$15M, to implement this alternative. The configuration of the bypass flow alternative is shown in
Figure 6.1-10.
Potential Effectiveness:
The bypass option could result in lower entrainment, but would not result in lower impingement. The
effectiveness of this alternative depends on the mortality of ichthyoplankton after passage through the
pumps, the condensers, and the discharge canal. This option assumes that the highest percentage of
mortality due to entrainment occurs during passage through the condensers. (On the other hand it
assumes lower mortality after passage through the pumps and discharge canal.)
The technology and construction required to implement the bypass option are well known and have
been applied widely. The bypass piping, gates and transitions are again well know and reliable in the
long term. The bypass of 25% of the cooling water away from the condensers is, however, less
feasible if the normal power production is continued. Implementation of the bypass alternative might
require replacement of the existing condensers.
Potential for other Adverse Effects and Safety Issues:
If the bypass option is implemented without a reduction in power production, the safety of the plant
could be compromised, as the existing condensers would be operating beyond their limits. Otherwise,
the bypass alternative does not pose any potential adverse effects or safety issues.
Cost:
The estimated financed capital cost of the bypass option is $27.9M (on a capital cost of $9.57M). The
from the two
capital cost includes the installation of the new pipeline and production losses, at $,
week long tie in operation during construction. The present value of the operation and maintenance
costs is estimated to be $77M (on an annual cost of $7.49M) due to loss of thermal efficiency. For this
estimate, it is assumed that the 25% reduction in flow would lower power production by 10% for four
months. The construction period for the bypass alternative is estimated to be 6 months. If
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replacement of the condenser is necessary, the estimated financed capital cost would be $215M (on a
capital cost of $73.7M).
6.1.8

Non-BTA Mitigation Strategies
6.1.8.1

Smelt habitat and stocking effort.

Description:

Plymouth, Kingston, Duxbury Bay smelt populations declined in the late 1980's and early 1990's as did
many other anadromous smelt populations in the Northeast (Lawton et al., 1999). To reverse this
trend, and to offset the large impingement incidents of 1993 and 1994 at PNPS, a habitat
enhancement and restoration project was initiated.
In 1994 and 1995 1.8 million wild anadromous smelt eggs were stocked into the Jones River, in
Kingston, which is the principal spawning ground for these fish. In addition to the stocking in the Jones
River, the habitat has been enhanced and restored. Trays filled with sphagnum moss have been
placed on the spawning area to provide artificial substrate for the demersal, adhesive smelt eggs since
very little natural vegetation exists in the spawning grounds. The sphagnum moss filled trays provide a
depositional surface that protects the eggs during development (Lawton et al., 1999). Vegetative
habitat has been reported to increase smelt egg survival up to the hatching stage by 10% in
comparison to only 1% survival on natural hard abiotic substrate (Suter 1980). Other habitat mitigation
measures included the removal of downed trees and other obstructions leading up to the spawning
grounds from the river (Lawton et al., 1999).
Effectiveness:
Stocking in the Jones River has been successful in the past. Fertilized eggs were transplanted from
the Quabbin Reservoir to the Jones River In 1962. Within two years, the spawning run on the river had
increased substantially. Declines in the Jones River spawning stock occurred In the 1980's and early
1990's according to estimates. The significant rise (from dozens in the early 90's to hundreds of smelt)
in the smelt spawning runs of the Jones River in 1998 and 1999 (Lawton et al., 1999) provide
preliminary evidence that the declining trend has reversed.
Technical Feasibility/Reliability:
The stocking technique has been used reliably for many years and in many fresh water applications.
The habitat enhancement techniques are simple and easily implemented; however, understanding of
previous spawning runs is necessary for proper placement of egg trays.
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Other Adverse Effects:
There are no likely adverse effects of the smelt habitat enhancement and restoration alternative.
Safety Concerns:
There are no safety concerns with this alternative
Cost:
The capital cost of this alternative is minimal.
approximately $1000.,
6.1.8.2

The annual operation and maintenance cost is

Winter Flounder Stocking and Survival Study Proposal.

DescriDtion:

PNPS is currently evaluating a proposal to enhance the winter flounder stocks in Plymouth Bay. Ten
to fifteen thousand fish (approximately 5 months old) would be raised from fish taken from Cape Cod
Bay at a waterfront hatchery in Chatham, Massachusetts. The fish will be tagged and delivered to the
bay area in June and July of 2000 for the first pilot year of the study effort.
Effectiveness:
This stocking effort is in the pilot stage. The fish tagging should provide a means of measuring the
effectiveness of this option. PNPS samplers will use tags in future monitoring efforts to evaluate
survival success of fish. Previous programs for flounder stocking in Japan and the US have had limited
or no success (Northeast Utilities, 1993)
Technical Feasibilitv/Reliabilitv:
The proposed rearing and stocking techniques have been used reliably for many years and in many
marine applications.
Other Adverse Effects:
There are no likely adverse effects of the flounder restoration alternative.
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Safety Concerns:
There are no safety concerns with this altemative.
Cost:
The cost of this alternative is $_
6.1.8.3

per year.

Scheduled Outages

water intake
The express language of Section 316(b) of the Clean Water Act mandates that cooling
structures (CWIS") reflect the best "technology" available for minimizing adverse environmental
non-CWIS
impacts. EPA's General Counsel interpreted the term CWIS in a manner indicating that
Opinion No.
controls fall outside of the scope of Section 316(b). See EPA Office of General Counsel,
(EPAGC). To
63 (July 29, 1977) (In Re Central Hudson Gas & Electric Corp.), 1977 WL 28250, *4
remains
enhance fish protection beyond legal requirements, Entergy Nuclear Generating Company
of
committed to continue voluntarily scheduling refueling outages to minimize impacts during periods
highest larval density, when appropriate.
6.1.9

Conclusions of the Technology Evaluation

in 6-1. The
The results of the technology evaluation based on engineering factors are summarized
same technologies are evaluated based on biological factors in Section 6.2.
6.2

Evaluation of Alternative Technologies on RIS

reducing station
An evaluation of the impacts and other effects of each alternative technology for
related Impacts on the RIS is presented in this section.
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6.2.1

Irish Moss (Chondrus crispus)
62.1.1

.

Behavioral Barriers

Thermal ImDact
Behavioral barriers will not have any effect on the thermal discharge characteristics. Potential impacts
as a result.of the thermal plume will not change from the potential impacts identified for the existing
station operations. As a result, for this alternative conditional mortality for Irish moss remains no more
than 2% InArea 5 (Figure 5.1-2) from the thermal discharge.
ImDingement lmDact

Potential impacts as a result of impingement will not change from the potential impacts identified for
the existing station operations, since no life stages of Chondnrs cnrspus are exposed to the effects of
impingement. Therefore, conditional mortality remains zero.
Entrainment ImDact
Potential impacts as a result of entrainment will not change from the potential impacts identified for the
existing station operations, since zero conditiQnal mortality Is expected for Irish moss as a result of
entrainment.
62.12

Diversion Devices - Louvers

Thermal Imract
Diversion devices - louvers will not have any effect on the thermal discharge characteristics. Potential
impacts as a result of the thermal plume for this alternative will not change from the potential impacts
identified for the existing station operations. As a result, conditional mortality for Irish moss remains no
more than 2% in Area 5 (Figure 5.1-2) from the thermal discharge.
Impingement Impact

Potential impacts als a result of impingement will not change from the potential impacts identified for
the existing station operations, since no life stages of Chondrus crispus are exposed to the effects of
impingement. Therefore, conditional mortality remains zero.
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Entrainment ImDact
Potential impacts as a result of entrainment will not change from the potential impacts identified for the
existing station operations, since zero conditional mortality is expected for Irish moss as a result of
entrainment.
6.2.1.3

Alternative Intake System - Offshore Intake

Thermal Impact
An offshore intake system may somewhat decrease the magnitude of the thermal discharge, since the
submerged offshore intake would result in lower intake and associated lower discharge temperatures
from cooler, deeper, offshore waters. It is assumed that the potential Impacts as a result of the thermal
plume will decrease by 10% in comparison to that identified for the existing station operations. Since
the area affected by the thermal discharge is relatively small and localized, the conditional mortality for
Irish moss remains no more than 1.8% in Area 5 (Figure 5.1-2).
Imninaement ImDact
Potential impacts as a resuft of impingement will not change from the potential impacts identified for
the existing station operations, since no life stages of Chondrus crispus are exposed to the effects of
impingement. Therefore, conditional mortality remains zero.
Entrainment Imnact
Potential impacts as a result of entrainment will not change from the potential impacts identified for the
existing station operations, since zero conditional mortality is expected for Irish moss as a result of
entrainment.
6.2.1 A

Alternative Intake System - Wedgewire Screens

Thermal Imnact
Wedgewire screens will not have any effect on the thermal discharge characteristics. Potential
impacts as a result of the thermal plume for this alternative will not change from the impacts identified
for the existing station operations. As a result, conditional mortality for Irish moss remains no more
than 2% in Area 5 (Figure 5.1-2) from the thermal discharge.
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Imoingement ImDact
Potential impacts as a result of impingement will not change from the potential impacts identified for
the existing station operations, since no life stages of Chondrus cnspus are exposed to the effects of
impingement Therefore, conditional mortality remains zero.
Entrainment Impact
Potential impacts as a result of entrainment will not change from the potential impacts identified for the
existing station operations, since zero conditional mortality is expected for Irish moss as a result of
entrainment.
62.1.5

Alternative Intake Screening System - Fine Mesh Screens

Thermal Impact
Fine mesh screens will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume for this alternative will not change from the impacts identified for the
existing station operations. As a result, conditional mortality for Irish moss remains no more than 2%h in
Area 5 (Figure 5.1-2) from the thermal discharge.
Impingement Impact
Potential impacts as a result of impingement will not change from the potential impacts identified for
the existing station operations, since no life stages of Chondrus crispus are exposed to the effects of
impingement. Therefore, conditional mortality remains zero.
Entrainment Impact
Potential impacts as a result of entrainment will not change from the potential impacts identified for the
existing station operations, since zero conditional mortality is expected for Irish moss as a result of
entrainment.
62.1.6

Alternative Intake Screening System - Gunderboom

Thermal Impact
A gunderboom will not have any effect on the thermal discharge characteristics. Potential impacts as a
result of the thermal plume for this alternative will not change from the impacts identified for the
existing station operations. As a result, conditional mortality for Irish moss remains no more than 2% in
Area 5 (Figure 5.1-2) from the thermal discharge.
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Imningement Imoact
Potential impacts as a result of impingement will not change from the potential impacts identified for
the existing station operations, since no life stages of Chondrus cn'spus are exposed to the effects of
impingement Therefore, conditional mortality remains zero.
Entrainment Imnoact
Potential impacts as a result of entrainment will not change from the potential impacts Identified for the
existing station operations, since zero conditional mortality is expected for Irish moss as a result of
entrainment
62.1.7

Closed Cycle System - Mechanical Draft Cooling Tower

Thermal Imract
The use of the salt-water mechanical draft-cooling tower at PNPS would reduce the cooling water
withdrawal from the bay from 321,000 gpm to 19,000 gpm. The closed cycle systems recirculates the
cooling water in a dosed piping system reducing the volume that would be discharged from the tower
basin to the discharge canal. The reduction in thermal discharge is expected to reduce the conditional
mortality of Irish moss by approximately 90o. This would reduce the total affected Chondrus area to
436 m2 (0.1 acres) or 0.2% of Area 5 (Figure 5.1-2) from the thermal discharge.
Impingement Impact
Potential impacts as a result of impingement will not change from the potential impacts identified for
the existing station operations, since no life stages of Chondrus cn'spus are exposed to the effects of
impingement Therefore, conditional mortality remains zero.
Entrainment Imrract
Potential impacts as a result of entrainment will not change from the potential impacts identified for the
existing station operations, since zero conditional mortality is expected for Irish moss as a result of
entrainment
62.1.8

Closed Cycle System - Natural Draft Cooling Tower

Thermal Impact
The use of a natural draft-cooling tower at PNPS would reduce the cooling water withdrawal from the
bay from 321,000 gpm to 19,000 gpm. The closed cycle systems recirculates the cooling water in a
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closed piping system reducing the volume that would be discharged from the tower basin to the
discharge canal. The reduction in thermal discharge is expected to reduce the conditional mortality of
Irish moss by approximately 90%. This would reduce the total affected Chondrus area to 436 m2 (0.1
acres) or 02% of Area 5 (Figure 5.1-2) from the thermal discharge.
lmDinaement ImDact

Potential impacts as a result of impingement will not change from the potential impacts identified for
the existing station operations, since no life stages of Chondrus crspus are exposed to the effects of
impingement Therefore, conditional mortality remains zero.
Entrainment Imact

Potential impacts as a result of entrainment will not change from the potential impacts identified for the
existing station operations, since zero conditional mortality is expected for Irish moss as a result of
entrainment.
.62.1.9

Closed Cycle System-Dry Cooling Tower

Thermal Impact

The dry draft-cooling tower alternative at PNPS would essentially eliminate the cooling water discharge
to the bay resulting in an associated recovery of the impacted Chondrus area.
Impingement Imoact
Potential impacts as a result of impingement will not change from the potential impacts identified for
the existing station operations, since no life stages of Chondrus crspus are exposed to the effects of
impingement Therefore, conditional mortality remains zero.
Entrainment Impact
Potential impacts as a result of entrainment will not change from the potential impacts identified for the
existing station operations, since zero conditional mortality is expected for Irish moss as a result of
entrainment
L

IJ-VV)eawgrJ"ects\0970=,.doc

6-26

-Ma

20?p

EMU
62.1.10

Variable Speed Pumps

Thermal ImDact
Variable speed pumps could reduce flow by 25%, but in turn would increase the temperature of the
thermal discharge; therefore no changes in the thermal discharge characteristics are expected as the
discharge heat load is expected to remain constant Potential impacts as a result of the thermal plume
for this alternative will not change from the potential impacts identified for the existing station
operations. As a result, conditional mortality for Irish moss remains no more than 2% in Area 5 (Figure
5.1-2) from the thermal discharge.
Impingement ImDact
Potential impacts as a result of Impingement will not change from the potential impacts Identified for
the existing station operations, since no life stages of Chondrus crispus are exposed to the effects of
impingement Therefore, conditional mortality remains zero.
Entrainment ImDact
Potential impacts as a result of entrainment will not change from the potential impacts identified for the
existing station operations, since zero conditional mortality is expected for Irish moss as a result of
entrainment.
62.1.11

Cooling Water Bypass

Thermal ImDact
The cooling water bypass system will not have any effect on the thermal discharge characteristics as
the discharge heat load is expected to remain constant. Potential impacts as a result of the thermal
plume will not change from the potential impacts identified for the existing station operations. As a
result, conditional mortality for Irish moss remains no more than 2% in Area 5 (Figure 5.1-2) from the
thermal discharge.
Imninaement Imact'
Potential impacts as a result of impingement will not change from the potential impacts identified for
the existing station operations, since no life stages of Chondrus cnrspus are exposed to the effects of
impingement. Therefore, conditional mortality remains zero.
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Entrainment Impact
Potential impacts as a result of entrainment will not change from the potential impacts identified for the
existing station operations, since zero conditional mortality is expected for Irish moss as a result of
entrainment
62.1.12

Mitigation Strategies.

The existing cooling system has an insignificant impact on the Irish moss as described -in Section
5.3.1A. Therefore, no mitigation strategies for Irish moss are planned. In addition, mitigation
strategies will not have any effect on the thermal discharge characteristics or alter the potential impacts
of entrainment or impingement from those described for the existing station operations. As a result,
conditional mortality for Irish moss remains no more than 2% in Area 5 (Figure 5.1-2)..
62-1.13

Evaluation of Other Criteria (Anthropogenic, Migratory, Other
Aquatic Effects)

The availability of a solid substrate is a major factor determining the presence, absence and
abundance of Chondrus and Mytilus (blue mussel), and Mytilus are the superior competitors for this.
available space. The use of louvers as an alternative technology may provide additional substrate for
Irish moss to inhabit Harvesting of Irish moss is not expected to contribute to any mortality in the
vicinity of PNPS, since in the 1990's, fishing effort on Chondrus has been virtually non-existent in the
Plymouth area (Lawton eta!, 1992).
62.1.14

Irish Moss Alternative Technology Assessment

Alterations in existing station intake design will not have any effects on Irish moss biomass, since no
conditional mortality on Irish moss biomass is expected as a result of impingement and entrainment.
There is an impact on the Irish moss from the thermal discharge as a result of PNPS activities, but the
impact is limited to a small, localized area. Few altemative technologies presented in Section 62.5
alter the thermal plume characteristics from the existing station operations (Table 6.2-1). Implementing
the alternative offshore intake system or any of the three-closed cycle system altematives may reduce
impacts to Irish moss biomass. The offshore intake system would reduce the conditional mortality of
Irish moss biomass from 2% of Area 5 under the existing station operations to 1.8%.- The closed cycle
system would reduce the conditional mortality of Irish moss biomass to 02% for both the mechanical
or natural draft cooling system, or eliminate conditional mortality altogether for the dry cooling tower.
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622

American Lobster (Homarus americanus)

622.1

Behavioral Barriers

Thermal Impact
Behavioral barniers will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts identified for the existing
station operations. Therefore, the potential loss of habitat remains less than 0.12 acres (518m2) during
periods of highest ambient water temperature (late summer - early fall) at which time lobster may
avoid the immediate area of the thermal discharge when temperatures approach their thermal
tolerance limits, although no mortality is expected. As a result, conditional mortality for the American
lobster remains zero for the thermal discharge.
Imnlingement Impact

Behavioral barriers have not been demonstrated to be consistently reliable in obtaining an avoidance
response from lobsters. Potential impacts as a result of impingement will not change from the potential
impacts identified for the existing station operations. Therefore, the same insignificant impacts are
expected from rimpingement on the Massachusetts lobster population estimated at less than 0.2%
conditional mortality as a result of impingement in comparison to Plymouth and statewide landings
statistics.
Entrainment impact
Behavioral barriers rely on the ability of the organism to respond to a stimulus and these are not
effective in protecting fish eggs and larvae, or other planktonic organisms. Therefore, potential
entrainment Impacts will not change from the potential impacts identified for the existing station
operations. As a result, no entrainment impacts on the lobster are expected, since only thirteen lobster
larvae have been collected in entrainment samples collected at PNPS since 1974. Assuming one
lobster per year lost due to entrainment, this equates to 0.0001% of the commercial landings for
Plymouth, Massachusetts.
6.2.2.2

Diversion Devices - Louvers

Thermal Impact
Diversion devices will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts identified for the existing
station operations. Therefore, the potential loss of habitat remains less than 0.12 acres (518B 2 ) during
periods of highest ambient water temperature (late summer - early fall) at which time lobster may
J-\Pubsi*CtS=700?12redac*d.doc
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avoid the immediate area of the thermal discharge when temperatures approach their thermal
tolerance limits, although no mortality Is expected. As a result, conditional mortality for the American
lobster remains zero for the thermal discharge.
Impinoement Impact
The placing of the louvers is planned in a line across the entrance to the intake embayment so that fish
would continue in the direction of the along shore current and away from the embayment. Since the
louvers would extend to the embayment bottom, they may also serve as an obstacle for the American
lobster. Therefore, a conservative 25% reduction in conditional mortality for the American lobster is
assumed. Given that the conditional mortality of the lobster as a result of impingement under existing
conditions is very low, the 25% reduction in impingement reduces 'the percentage in conditional
mortality from 02% to 0.15% in comparison to Plymouth and statewide landings statistics.
Entrainment Impact
Since diversion devices rely on the ability of the organism to respond to a stimulus, they are not
effective in protecting fish eggs and larvae, or other planktonic organisms. Therefore, potential
entrainment impacts will not change from the potential impacts identified for the existing station
operations. As a result, no entrainment impacts on the lobster are expected, since only thirteen lobster
larvae have been collected in entrainment samples collected at PNPS since 1974. Assuming one
lobster per year lost due to entrainment equates to 0.0001% of the commercial landings for Plymouth,
Massachusetts.
622.3

Alternative Intake System - Offshore Intake

Thermal ImDact
An offshore intake system may somewhat decrease the magnitude of the thermal discharge, since the
submerged offshore intake would result in lower intake and associated lower discharge temperatures.
At most, the potential impacts as a result of the thermal plume may decrease the 518m2 (0.12 acres)
potential loss of habitat during highest ambient conditions, but conditional mortality for the American
lobster remains zero from the thermal discharge.
lmDinoement Imract

An offshore intake system with horizontal flow (designed at 0.5 fps) created by a velocity cap on the
intake structure may increase offshore species impingement Lobsters primarily are found in waters
down to 50 m in depth.. As a benthic species, lobster impingement may increase as a result of the
submerged intake structure. Therefore a 25% increase in lobster conditional mortality as a result of
impingement is assumed in comparison to the potential impacts identified for the existing station
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operations. Therefore, impacts estimated from impingement on the Massachusetts lobster population
Increased by 168 individuals to an annual average impingement rate of 841 lobsters and by 296 to
1480 individuals under worst case conditions. Given that the conditional mortality of the lobster as a
result of impingement under existing conditions is very low, the 25% increase in conditional mortality
only increases the conditional mortality to 0.25% in comparison to Plymouth and statewide landings
statistics.
Entrainment Impact
An offshore intake system with a submerged intake structure is not expected to increase the
entrainment rates of lobster larvae, as the larvae are pelagic and occupy surface waters. Therefore,
potential entrainment impacts will not change from the potential impacts identified for the existing
station operations. As a result, no entrainment impacts on the lobster are expected, since only thirteen
lobster larvae have been collected in entrainment samples collected at PNPS since 1974. Assuming
one lobster per year lost due to entrainment, equates to 0.0001% of the commercial landings for
Plymouth, Massachusetts.
6.2.2A

Alternative Intake System - Wedgewire Screens

Thermal Impact
Wedgewire screens will not have any effect on the thermal discharge characteristics. Potential
impacts as a result of the thermal plume will not change from the potential impacts identified for the
existing station operations. Therefore, the potential loss of habitat remains less than 0.12 acres
(518m) during periods of highest ambient water temperature (late summer - early fall) with no
expected mortality. As a result, conditional mortality for the American lobster remains zero from the
thermal discharge.
Impingement Impact
Wedgewire screen is constructed of wire of triangular cross section so that the surface of the screen is
smooth while the screen openings widen inwards. The cylindrical screen design has been
demonstrated to essentially eliminate impingement. This would decrease conditional mortality from
impingement under existing conditions from less than 0./2 to zero conditional mortality.
Entrainment Imoact

The wedgewire cylindrical screens of one-mm slot size have been demonstrated to reduce larvae
entrainment. In studies performed by Martin Marietta Environmental Systems (1984) entrainment rates
for the bay anchovy and naked gobies were reduced for both species except for the smallest size
categories. The success of reducing entrainment was statistically significant in five out of six samples
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for > 7-9 mm size class and for all four samples in the > 11 mm size class. Lobster larvae range
between approximately 8mm - 15 mm in total length from Stage I to Stage IV respectively
(Matthiessen, 1984). Therefore, a decrease in 50% conditional mortality of lobster entrainment is
assumed. Since only thirteen lobster larvae have been collected in entrainment samples collected at
PNPS since 1974, this would decrease conditional mortality from entrainment under existing conditions
from 0.0001% to less than 0.00005% of the commercial landings for Plymouth, Massachusetts
(assuming one lobster per year lost due to entrainment).
62-2.5

Alternative Intake Screening System - Fine Mesh Screens

Thermal Imoact
Fine mesh screens will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts Identified for the existing
station operations. Therefore, the potential loss of habitat remains less than 0.12 acres (518rr 2 ) during
periods of highest ambient water temperature (late summer - early fall) at which time lobster may
avoid the immediate area of the thermal discharge when temperatures approach their thermal
tolerance limits, although no mortality is expected. As a result, conditional mortality for the American
lobster remains zero from the thermal discharge.
Impinaement Impact
Fine mesh screens will not have any effect on impingement Potential impacts as a result of
impingement will not change from the potential impacts identified for the existing station operations.
Therefore, the same insignificant impacts are expected from impingement on the Massachusetts
lobster population estimated at less than 02%h conditional mortality is a result of impingement in
comparison to Plymouth and statewide landings statistics.
Entrainment Impact
Fine mesh (< 1 mm) screens may prevent the entrainment of lobster larvae, although survivability is a
major concern. The effect of fine mesh screens on the entrainment of lobster larvae is conservatively
assumed to reduce the conditional mortality by 10%. Since only thirteen lobster larvae have been
collected in entrainment samples collected at PNPS since 1974, this would decrease conditional
mortality from entrainment under existing conditions from 0.0001% to less than 0.00009%/6 of the
commercial landings for Plymouth, Massachusetts (assuming one lobster per year lost due to
entrainment).
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622.6

Alternative Intake Screening System - Gunderboom

Thermal ImDact
The gunderboom will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts identified for the existing
2
station operations. Therefore, the potential loss of habitat remains less than 0.12 acres (518m ) during
periods of highest ambient water temperature (late summer - early fall) at which time lobster may
avoid the immediate area of the thermal discharge when temperatures approach their thermal
tolerance limits, although no mortality is expected. As a result, conditional mortality for the American
lobster remains zero from the thermal discharge.
Imninoement Imact

The Gunderboom system Is a full water depth filter (double panel) curtain suspended from flotation
billets at the water surface and secured in place by an anchoring system. This system design should
essentially eliminate impingement. This would decrease conditional mortality from impingement under
existing conditions from less than 02% to zero conditional mortality.
Entrainment Impact
The Gunderboom system is a full water depth filter (double panel) curtain suspended from flotation
billets at the water surface and secured in place by an anchoring system. Use of standard system
material should essentially eliminate entrainment, although a coarser than standard mesh is required
for this application to obtain the desired flow rate for the cooling system. Therefore, a decrease in 50%/6
conditional mortality of lobster entrainment is assumed. Since only thirteen lobster larvae have been
collected in entrainment samples collected at PNPS since 1974, this would substantially decrease the
already low conditional mortality from entrainment under existing conditions from 0.00001% to less
than 0.00005% of the commercial landings for Plymouth, Massachusetts (assuming one lobster per
year lost due to entrainment).
.62.2.7

Closed Cycle System - Mechanical Draft Cooling Tower

Thermal Impact

The use of a salt-water' mechanical draft-cooling tower at PNPS would reduce the cooling water
withdrawal from the bay from 321,000 gpm to 19,000 gpm. The closed cycle system recirculates the
cooling water in a closed piping system reducing the volume that would be discharged from the tower
2
basin to the discharge canal. The reduction in thermal discharge may reduce the 51 8r (0.12 acres)
potential loss of habitat during highest ambient conditions, but conditional mortality for the American
lobster remains zero from the thermal discharge.
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ImDingement Impact

The mechanical draft cooling tower alternative would effectively reduce impingement in proportion to
the reduction in flow rate from 321,000 gpm to 19,000 gpm. Therefore, a reduction in conditional
mortality of 94% is assumed. Therefore, impacts expected from impingement on the Massachusettslobster population decrease by 633 individuals to an estimated annual average impingement rate of 40
lobsters and by 1113 to 71 individuals under worst case conditions. Given that the conditional mortality
of the lobster as a result of impingement under existing conditions is very low, the 94% decrease in
conditional mortality equates to less than 0.01% in comparison to Plymouth and statewide landings
statistics.
Entrainment Imnact
The mechanical draft cooling tower alternative would effectively reduce entrainment in proportion to the
reduction in flow rate from 321,000 gpm to 19,000 gpm. Therefore, a reduction Inconditional mortality
of 94% is assumed. Since only thirteen lobster larvae have been collected in entrainment samples
collected at PNPS since 1974, this would substantially decrease the already low conditional mortality
of 0.0001% under existing conditions to 0.00006% of the commercial landings for Plymouth,
Massachusetts from entrainment.
622.8

Closed Cycle System - Natural Draft Cooling Tower

Thermal Impact
The use of a natural draft-cooling tower at PNPS would reduce the cooling water discharge to the bay.
The reduction in thermal discharge will reduce the 518m 2 (0.12 acres) potential loss of habitat during
highest ambient conditions, but conditional mortality for the American lobster remains zero from the
thermal discharge.
ImDinaement Imnact
The natural draft cooling tower alternative would effectively reduce impingement in proportion to the
reduction in flow rate from 321,000 gpm to 19,000 gpm. Therefore, a reduction in conditional mortality
of 94% is assumed. Impacts expected from impingement on the Massachusetts lobster population
decrease by 633 individuals to an estimated annual average impingement rate of 40 lobsters and by
1113 to 71 individuals under worst case conditions. Given that the conditional mortality of the lobster
as a result of impingement under existing conditions is very low, the 94% decrease in conditional
mortality equates to less than 0.01% in comparison to Plymouth and statewide landings statistics.
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Entrainment Imract
The natural draft cooling tower alternative would effectively reduce entrainment in proportion to the
reduction in flow rate from 321,000 gpm to 19,000 gpm. Therefore, a reduction in conditional mortality
of 94% is assumed. Since only thirteen lobster larvae have been collected in entrainment samples
collected at PNPS since 1974, this would substantially decrease the already low conditional mortality
of 0.0001% under existing conditions to 0.00006% of the commercial landings for Plymouth,
Massachusetts from entrainment.
622.9

Closed Cycle System -Dry Cooling Tower

Thermal ImDact
At PNPS, the use of the dry cooling tower would eliminate the cooling water discharge to the bay. The
closed cycle systems recirculates the cooling water in a closed piping system reducing the volume that
would be discharged from the tower basin to the discharge canal. Conditional mortality for the
American lobster for this alternative remains zero from the thermal discharge.
Impinaement ImnDact
The dry draft cooling tower alternative would effectively reduce impingement in proportion to the
reduction in flow rate from 321,000 gpm to 10,000 gpm. Therefore, a reduction in conditional mortality
of 97% is assumed. Impacts expected from impingement on the Massachusetts lobster population
decrease by 653 individuals to an estimated annual average impingement rate of 20 lobsters and by
1148 to 36 individuals under worst case conditions. Given that the conditional mortality of the lobster
as a result of Impingement under existing conditions is very low, the 97% decrease in conditional
mortality equates to less than 0.005% in comparison to Plymouth and statewide landings statistics.
Entrainment Impact
The dry draft cooling tower alternative would effectively reduce entrainment in proportion to the
reduction in flow rate from 321,000 gpm to 10,000 gpm. Therefore, a reduction in conditional mortality
of 97%h is assumed. Since only thirteen lobster larvae have been collected in entrainment samples
collected at PNPS since 1974, this would substantially decrease the already low conditional mortality
of 0.0001% under existing conditions to 0.000003% of the commercial landings for Plymouth,
Massachusetts from entrainment.
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622.10

Variable Speed Pumps

Thermal Imoact
Variable speed pumps would reduce flow by 25% but in turn would increase the temperature of the
thermal discharge; therefore no changes in the thermal discharge characteristics are expected as the
discharge heat load is expected to remain constant. Potential impacts as a result of the thermal plume
will not change from the potential impacts identified for the existing station operations. Therefore, the
potential loss of habitat remains less than 0.12 acres (518m2) during periods of highest ambient water
temperature (late summer - -early fall) at which time lobster may avoid the immediate area of the
thermal discharge when temperatures approach their thermal tolerance limits, although no mortality is
expected. As a result, conditional mortality for the American lobster remains zero from the thermal
discharge.
Imdinciement Impact
Variable speed pumps could reduce flow by 25% during four months in spring. Since lobsters are
impinged at low numbers throughout the year, the timing of the shutdown is irrelevant in regards to
optimizing the time of the shutdown with the highest rates of lobster impingement A 25% reduction in
flow during 4 of 12 months 'per year would equate to an assumed reduction by 8% in conditional
mortality from lobster impingement annually. Therefore, impacts expected from impingement on the
Massachusetts lobster population would decrease by 54 individuals to an estimated annual average
impingement rate of 619 lobsters and by 95 to 1,089 individuals under worst case conditions. Given
that the conditional mortality of the lobster as a result of impingement under the existing conditions is
very low, the 8% decrease in conditional mortality equates to less than 0.18% in comparison to
Plymouth and statewide landings statistics.
Entrainment Impact
Variable speed pumps could reduce flow by 25E% during four months in spring. Only thirteen lobster
larvae have been detected in entrainment samples since 1974, between June and August. If a 25%
reduction in flow occurred in June, an 8% decrease in conditional mortality for the lobster as a result of
entrainment could be assumed. Since only thirteen lobster larvae have been collected in entrainment
samples, this would decrease the already low conditional mortality of 0.0001% under the existing
conditions to 0.000092% of the commercial landings for Plymouth, Massachusetts from entrainment.
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Cooling Water Bypass

Thermal ImDact
A cooling water bypass system would reduce flow through the condensers by 25% but would have the
same discharge, flow rate and heat load. Potential impacts as a result of the thermal plume will not
change from the potential impacts identified for the existing station operations. Therefore, the potential
loss of habitat remains less than 0.12 acres (518m2) durng periods of highest ambient water
temperature (late summer - early fall) with no expected mortality. As a result, conditional mortality for
the American lobster remains zero from the thermal discharge.
Impingement Impact
A cooling water bypass system would reduce flow through the condensers by 25% but would have the
same discharge, flow rate and heat load. Potential impacts as a result of impingement will not change
from the potential impacts Identified for the -existing station operations. Therefore, the same
insignificant impacts are expected from impingement on the Massachusetts lobster population
estimated at less than 0.2% conditional mortality as a result of impingement in comparison to Plymouth
and statewide landings statistics.
Entrainment Imoact
A cooling water bypass system will have little effect on the entrainment impacts for the American
lobster, since only thirteen lobster larvae between June and August have been detected in entrainment
samples since 1974. Assuming the bypass takes place in April or May, no reduction in conditional
mortality from lobster larvae entrainment is expected since the only larvae entrained have been
between June and August. Therefore, potential entrainment impacts will not change from the potential
impacts identified for the existing station operations. As a result, insignificant entrainment impacts on
the lobster are expected, since only thirteen lobster larvae have been collected in entrainment samples
collected at PNPS since 1974. Assuming one lobster per year lost due to entrainment, this equates to
0.0001% of the commercial landings for Plymouth, Massachusetts.
622.12

Mitigation Strategies

The existing cooling system has an Insignificant impact on the American lobster population as
described in Section 5.3.2.4. Therefore, no mitigation strategies for the American lobster are planned.
In addition, mitigation strategies will not have any effect on the thermal discharge characteristics or
alter the potential impacts of entrainment or impingement from those described for the existing station
operations. As a result, conditional mortality remains much less than one percent for the cumulative
impacts assessed for the American lobster as described in Section 5.3.2.4 of this report.
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62.2.13

Evaluation of Other Criteria (Anthropogenic, Migratory, Other
Aquatic Effects)

The Massachusetts fishery is the second largest U.S. lobster fishery, accounting for about 28% of the
U.S. landings (Estrella and Morrissey, 1997). The lobster is common in western Cape Cod Bay and
supports a valuable commercial fishery in the PNPS area, primarily between the months of March and
November (Lawton et al., 1984). Of the seven statistical reporting areas analyzed by the MDMF, the
Plymouth region (Area 6) has ranked fifth in total lobster landings since 1979 (Estrella, 1996).
The lobster population is currently at a very high level and lobster landings are at record levels. In
addition, most areas have experienced good recruitment, meaning that there are sufficient numbers of
juvenile lobsters in the population that should provide a healthy fishery in the immediate future (Allen,
undated).
622.14

Amnerican Lobster Alternative Technology Assessment

Implementation of the majority of alternative technologies is not expected to alter the thermal discharge
characteristics. Since lobster mortality is not expected from the thermal plume, the alternative
technologies presented may reduce the potential 518m2 (0.12 acres) exclusion area during highest
ambient conditions. Regardless, conditional mortality for the American lobster remains zero for all
alternatives.
Conditional mortality as a result of impingement decreases with varying degrees for seven of the 12
alternative technologies presented. The decrease in conditional mortality from the 02% observed
under the existing condition ranges between zero conditional mortality under the wedgewire and
gunderboom alternatives to only 0.18% (4%reduction) conditional mortality for variable speed pumps.
Conditional mortality has potential to increase under the offshore intake alternative to 0.25% from 0.2%
under the existing conditions. Table 6.2-2 provides the conditional mortality percentages for each
alternative technology for comparison of potential impingement impacts
Conditional mortality as a result of entrainment decreases with varying degrees for seven of the 12
alternative technologies presented. The decrease in conditional mortality from the 0.0001% observed
under the existing condition ranges between 0.000003% conditional mortality under the dry cooling
tower alternative to only 0.000092% (8%reduction) conditional mortality for the variable speed pump
alternative. Table 6.2-2 provides the conditional mortality percentages for each alternative technology
for comparison of potential entrainment impacts
It is important to note that some of the alternative technologies presented in Section 6.22 may reduce
the conditional mortality of the American lobster. However, since the conditional mortality is already so
low, just reducing the amount of significant figures presented as a percent reduction in conditional
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mortality would essentially eliminate the quantifiable decrease in conditional mortality observed for
each alternative technology.
62.3

Winter Flounder (Pseudopleuronectesamencanus)
6.2.3.1

Behavioral Barriers

Thermal Imoact
Behavioral barriers will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts identified for the existing
station operations. Therefore, the potential loss of habitat remains less than 0.12 acres (518m2) during
periods of highest ambient water temperature (late summer - early fall), at which time winter flounder
may avoid the immediate area of the thermal discharge when temperatures approach their thermal
tolerance limbts, although no mortality is expected. As a result, conditional mortality for the winter
flounder remains zero from the thermal discharge.
ImDingement Imoact
Behavioral barriers have not been demonstrated to be consistently reliable in obtaining an avoidance
response from winter flounder. Potential impacts as a result of impingement will not change from the
potential impacts identified for the existing station operations. Therefore, based on the projected
average annual impingement rate of 1,113 winter flounder under the existing conditions, there would
be a 0.2% reduction in the pooled winter flounder population (see Section 5.3.32) in the study area
(Figure 42-45) as a result of impingement.
Entrainment Imoact
Since behavioral barriers rely on the ability of the organism to respond to a stimulus, they are not
effective in protecting fish eggs and larvae, or other planktonic organisms. Therefore, potential
entrainment Impacts for the winter flounder larvae will not change from the potential impacts identified
for the existing station operations. As a result, the conditional mortality of winter flounder from
entrainment is uncertain, but is likely less than 5%. For a detailed assessment of winter flounder
entrainment under the existing conditions refer to Section 5.3.3.3 of this report.
62.32

Diversion Devices - Louvers

Thermal Imoact
Louvers will not have any effect on the thermal discharge characteristics. Potential impacts as a result
of the thermal plume will not change from the potential impacts identified for the existing station
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operations. Therefore, the potential loss of habitat remains less than 0.12 acres (518m2) during
periods of highest ambient water temperature (late summer - early fall), at which time winter flounder
may avoid the immediate area of the thermal discharge when temperatures approach their thermal
tolerance limits, although no mortality is expected. As a result; conditional mortality for the winter
flounder remains zero from the thermal discharge.
Impingement Imnact

The placing of the louvers is planned in a line across the entrance to the intake so that fish would
continue in the direction of the along shore current and away from the embayment. This strategy has
been demonstrated to -be effective for diverting migratory fish, but not in benthic fish populations.
However, a conservative 25% reduction in conditional mortality for the winter flounder is assumed.
Based on the projected average annual impingement rate of 1,113 winter flounder under the existing
conditions, a 25% decrease in impingement of 278 to 835 individuals would result This would reduce
conditional mortality from 0.2% under existing conditions to 0.14% in the estimated pooled winter
flounder population (see Section 5.3.32) in the study area (Figure 42-45) as a result of impingement.
Entrainment Immact
Louvers will not have any effect on entrainment rates of larvae. Therefore, potential entrainment
impacts for the winter flounder larvae will not change from the potential impacts identified for the
existing station operations. As a result; the conditional mortality of winter flounder from entrainment is
uncertain, but is likely less than 5%. For a detailed assessment of winter flounder entrainment under
existing conditions refer to Section 5.3.3.3 of this report.
62.3.3

Alternative Intake System - Offshore Intake

Thermal Imract
An offshore intake system may somewhat decrease the magnitude of the thermal discharge, since the
submerged offshore intake would result in lower intake and associated lower discharge temperatures.
At most, the potential impacts as a result of the thermal plume may decrease the 518m 2 (0.12 acres)
potential loss of habitat during highest ambient conditions, but conditional mortality for the winter
flounder remains zero from the thermal discharge.
Impinaement Impact

An offshore intake system with horizontal flow (designed at 0.5 fps) created by a velocity cap on the
intake structure may increase offshore benthic species impingement As a benthic species, winter
flounder impingement may increase as a result of the submerged intake structure. Therefore a 25%
increase in winter flounder conditional mortality as a result of impingement is assumed in comparison
m2O
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to the potential Impacts identified for existing station operations. Based on the projected average
annual impingement rate of 1,1 13 winter flounder under existing conditions, a 25% increase in
.impingement of 278 to 1391 individuals would result This would increase conditional mortality from
0.2% under existing conditions to 023% in the estimated pooled winter flounder population (see
Section 5.3.3.2) in the study area (Figure 42-45) as a result of Impingement
Entrainment Impact
An offshore intake system with a submerged intake structure is expected to increase the entrainment
rates of winter flounder larvae, especially in the later larval stage, because they are likely to be
concentrated at the bottom of the water.column. It is conservatively assumed that potential entrainment
impacts will not change from the potential Impacts identified for the existing station operations. As a
result, the conditional mortality of winter flounder from entrainment is uncertain, but is likely less than
-5%. For a detailed assessment of winter flounder entrainment under existing conditions refer to
Section 5.3.3.3 of this reporL
62.3A

Alternative Intake System - Wedgewire Screens

Thermal Impact
Wedgewire screens will not have any effect on the thermal discharge characteristics. Potential
impacts as a result of the thermal plume will not change from the potential Impacts identified for the
existing station operations. Therefore, the potential loss of habitat remains less than 0.12 acres
(51 8m2) during periods of highest ambient water temperature (late summer - early fall) at which time
winter flounder may avoid the immediate area of the thermal discharge when temperatures approach
their thermal tolerance limits, although no mortality is expected. As a result, conditional mortality for
the winter flounder remains zero from the thermal discharge.
Impingement Impact

Wedgewire screen is constructed of wire of triangular cross section so that the surface of the screen is
smooth while the screen openings widen inwards. The cylindrical screen design has been
demonstrated to essentially eliminate impingement This would decrease conditional mortality from
impingement under existing conditions from 02% to zero conditional mortality.
Entrainment Imoact
The wedgewire cylindrical screens of one-mm slot size have been demonstrated to reduce larvae
entrainment. In studies performed by Martin Marietta Environmental Systems (1984) entrainment rates
for the bay anchovy and naked gobies were reduced for both species except for the smallest size
categories. The success of reducing entrainment was not statistically significant in all four samples for
JAPtsbs~mw97P~roje
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< 4-mm size class. The success of reducing entrainment was statistically significant in five out of eight
samples in the > 5 mm size class. Winter flounder larvae range between approximately 2.3 mm - 8.2
mm in total length from Stage I to Stage IV respectively (Marine Research Inc., 1986). Given that the
wedgewire screens will only potentially decrease a portion of the entrained Stage Ill and Stage IV
larvae (3.5 - 82 mm), a conservative estimate of 25% reduction in conditional mortality is assumed.
Since conditional mortality of winter flounder from entrainment of the larvae is likely less than 5% under
existing station operations (Section 5.3.3.3 of this report), the wedgewire screen alternative is
estimated to reduce conditional mortality to less than 3.75%.
6.2.3.5

Alternative Intake Screening System - Fine Mesh Screens

Thermal Imoact
Fine mesh screens will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts identified for the existing
station operations. Therefore, the potential loss of habitat remains less than 0.12 acres (518m2) during
periods of highest ambient water temperature (late summer - early fall) at Which time winter flounder
may avoid the immediate area of the thermal discharge when' temperatures approach their thermal
tolerance limits, although no mortality is expected. As a result, conditional mortality for the winter
flounder remains zero from the thermal discharge.
Imrrinaement Imoact
Fine mesh screens will not have any effect on impingement Potential impacts as a result of
impingement will not change from the potential impacts identified for the existing station operations.
Therefore, potential impacts as a result of impingement will not change from the potential impacts
identified for the existing station operations. Based on the projected average annual impingement rate
of 1,113 winter flounder under existing conditions, there would be a 0.2% reduction in the pooled
winter flounder population (see Section 5.3.3.2) in the study area (Figure 42-45) as a result of
impingement
Entrainment ImactFine mesh (< 1 mm) screens may aid in the preventing the entrainment of winter flounder larvae,
although survivability is a major concerm. At Brayton Point Station, there was only a 6.5% survival of
winter flounder larvae washed off the fine mesh screens. The effect of fine mesh screens on the
entrainment of winter flounder larvae is conservatively assumed to reduce the conditional mortality by
10%. Since conditional mortality of winter flounder from entrainment of the larvae is likely less than 5%
under existing station operations (Section 5.3.3.3 of this report), the fine mesh screen alternative is
estimated to reduce conditional mortality to less than 4.5%.
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623.6

Alternative Intake Screening System - Gunderboom

Thermal Impact
A gunderboom will not have any effect on the thermal discharge characteristics. Potential Impacts as a
result of the thermal plume will not change from the potential impacts identified for the existing station
operations. Therefore, the potential loss of habitat remains less than 0.12 acres (518m2) during periods
of highest ambient water temperature (late summer - early fall) at which time winter flounder may
avoid the immediate area of the thermal discharge when temperatures approach their thermal
tolerance limits, although no mortality Is expected. As a result, conditional mortality for the winter
flounder remains zero from the thermal discharge.

Impingement ImDact
The Gunderboom system is a full water depth filter (double panel) curtain suspended from flotation

billets at the water surface and secured in place by an anchoring system. This system design should
essentially eliminate impingement This would decrease conditional mortality of winter flounder from
impingement under existing conditions from 0.2% to zero.
Entrainment Impact

The Gunderboom system is a full water depth filter (double panel) curtain suspended from flotation
billets at the water surface and secured in place by an anchoring system. Use of standard system
material should essentially eliminate entrainment, although a coarser than standard mesh is required
for this application to obtain the desired flow rate for the cooling system. Therefore, a decrease in 50%
conditional mortality of winter flounder entrainment is assumed. Since conditional mortality of winter
flounder from entrainment of the larvae is likely less than 5%under existing station operations (Section
5.3.3.3 of this report), the gunderboom altemative is estimated to reduce conditional mortality to less
than 2.5%.
62.3.7

Closed Cycle System - Mechanical Draft Cooling Tower

Thermal Impact.
The use of the salt-water mechanical draft-cooling tower at PNPS would reduce the cooling water
discharge to the bay from 321,000 gpm to 19,000 gpm. The reduction in thermal discharge may
reduce the 518m2 (0.12 acres) potential loss of habitat during highest ambient conditions, but
conditional mortality for the winter flounder remains zero from the thermal discharge.

Im~ingement Impact
M&ch, 2000
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The mechanical draft cooling tower alternative would effectively reduce impingement in proportion to
the reduction in flow rate from 321,000 gpm to 19,000 gpm. Therefore, a reduction in conditional
mortality of 94% Is assumed. Impacts expected from impingement on the winter flounder decrease by
1046 individuals to an estimated annual average impingement rate of 67 winter flounder individuals.
This would decrease conditional mortality of winter flounder from impingement under existing
conditions from 0.2% to 0.01% conditional mortality.
Entrainment Imoact
The mechanical draft cooling tower alternative would effectively reduce entrainment In proportion to the
reduction in flow rate from 321,000 gpm to 19,000 gpm. Therefore, a reduction in conditional mortality
of 94% is assumed. Since conditional mortality of winter flounder from entrainment of the larvae is
likely less than 5% under existing station operations (Section 5.3.3.3 of this report), the mechanical
draft cooling tower alternative is estimated to reduce conditional mortality to less than 0.3%.
6±23.8

Closed Cycle System - Natural Draft Cooling Tower

Thermal Imract
The use of a natural draft-cooling tower at PNPS would reduce the cooling water withdrawal from the
bay from 321,000 gpm to 19,000 gpm. The closed cycle systems recirculates the'cooling water in a
closed piping system reducing the volume that would be discharged from the tower basin to the
discharge canal. The reduction in thermal discharge may reduce the 518m2 (0.12 acres) potential loss
of habitat during highest ambient conditions, but conditional mortality for the winter flounder remains
zero from the thermal discharge.
ImrinOement Impact
The natural draft cooling tower alternative would effectively reduce impingement in proportion to the
reduction in flow rate from 321,000 gpm to 19,000 gpm. Therefore, a reduction in conditional mortality
of 94%h is assumed. Impacts expected from impingement on the winter flounder decrease by 1046
individuals to an estimated annual average impingement rate of 67 winter flounder individuals. This
would decrease conditional mortality of winter flounder from impingement under existing conditions
from 0.2% to 0.01% conditional mortality.
Entrainment Imoact
The natural draft cooling tower alternative would effectively reduce entrainment in proportion to the
reduction in flow rate from 321,000 gpm to 19,000 gpm. Therefore, a reduction in conditional mortality
of 94% is assumed. Since conditional mortality of winter flounder from entrainment of the larvae is

J'.lPuwtw97ip ects'O97OQ2l'2COfst

dacted.doc6-4Mr

644

20
Marh 2000

ENSR
likely less than 5% under existing station operations (Section 5.3.3.3 of this report), the natural draft
cooling tower alternative is estimated to reduce conditional mortality to less than 0.3%.
62.3.9

Closed Cycle System -Dry Cooling Tower

Thermal Impact
The use of a dry cooling tower would eliminate the cooling water discharge to the bay. Still, conditional
mortality for the winter flounder remains zero from the thermal discharge.
Imningement ImDact

The dry cooling tower alternative would effectively reduce impingement in proportion to the reduction in
flow rate from 321,000 gpm to 10,000 gpm. Therefore, a reduction in conditional mortality of 97%JO is
assumed. Impacts expected from impingement on the winter flounder decrease by 1080 individuals to
an estimated annual average impingement rate of 33 winter flounder individuals. This would decrease conditional mortality of winter flounder from impingement under existing condilions from 0.2% to
0.005% conditional mortality.
Entrainment ImDact
The dry cooling tower alternative would effectively reduce entrainment in proportion to the reduction in
flow rate from 321,000 gpm to 10,000 gpm. Therefore, a reduction in conditional mortality of 94% is
assumed. Since conditional mortality of winter flounder from entrainment of the larvae is likely less than
5% under existing station operations (Section 5.3.3.3 of this report), the dry cooling tower alternative is
estimated to reduce conditional mortality to less than 02%.
6.2.3.10

Variable Speed Pumps

Thermal impact
Variable speed pumps could reduce flow by 25% but in tum would Increase the -temperature of the
thermal discharge; therefore no changes in the thermal discharge characteristics are expected as the
discharge heat load is expected to remain constant. Potential impacts as a result of the thermal plume
will not change from the potential impacts identified for the existing station operations. Therefore, the
potential loss of habitat remains less than 0.12 acres (518m2) during periods of highest ambient water
temperature (late summer - early fall) at which time winter flounder may avoid the immediate area of
the thermal discharge when temperatures approach their thermal tolerance limits, although no mortality
is expected. As a result, conditional mortality for the winter flounder remains zero from the thermal
discharge.
6-5Mr-20
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Variable speed pumps could reduce flow by 25% during four months in spring. Since winter flounder
impingement occurs throughout the year (Lawton et al., 1996), the timing of the shutdown is irrelevant
in regards to optimizing the time of the shutdown with winter flounder impingement A 25% reduction
in -flow during 4 of 12 months per year would equate to an assumed reduction by 8% in conditional
mortality from winter flounder impingement annually. Therefore, impacts expected from impingement
on the winter flounder would decrease by 89 individuals to an estimated annual average impingement
rate of 1,024 winter. Given that the conditional mortality of the winter flounder as a result of
impingement under existing conditions is very low, the 8% decrease results in a 0.18% annual rate in
conditional mortality.
Entrainment Impact
Variable speed pumps could reduce flow by 25% during four months In spring. Winter flounder larvae
are entrained between January and August, although primarily between April and June. In both 1997
and 1998, over 99%/6 of the winter flounder larvae entrained at PNPS occurred between April and June.
If a 25% reduction in flow occurred for four months in the spring, a conservative assumption of a 24%
(25% of 99) decrease in conditional mortality for the winter flounder as a result of entrainment could be
assumed. Since conditional mortality of winter flounder from entrainment of the larvae is likely less than
5%/6 under existing station operations (Section 5.3.3.3 of this report), the 24% decrease as a result of
the variable flow rate alternative is estimated to reduce conditional mortality to less than 3.75%.
62.3.11

(j

Cooling Water Bypass

Thermal Impact
A cooling water bypass system would reduce flow through the condensers by 25% but would have the
same discharge flow rate and heat load. Potential impacts as a result of the thermal plume will not
change from the potential impacts identified for the existing station operations. Therefore, the potential
loss of habitat remains less than 0.12 acres (518m2) during periods of highest ambient water
temperature (late summer - early fall) at which time winter flounder may avoid the immediate area of
the thermal discharge when temperatures approach their thermal tolerance limits, although no mortality
is expected. As a result, conditional mortality for the winter flounder remains zero from the thermal
discharge.
Imninoement Imnact
A cooling water bypass system would reduce flow through the condensers by 25% but would have the
same discharge, flow rate and heat load. Potential impacts as a result of impingement will not change
from the potential impacts identified for the existing station operations. Therefore, potential impacts as
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a result of impingement will not change from the potential impacts identified for the existing station
operations.' Based on the projected average annual impingement rate of 1,113 winter flounder under
existing conditions, there would be a 002% reduction in the pooled winter flounder population (see
Section 5.33.2) inthe study area (Figure 42-45) as a result of impingement.
Entrainment ImDact
A cooling water bypass system could reduce flow through the condensers by 25% during four months
In spring. Winter flounder larvae are entrained between January and August, although primarily
between April and June. In both 1997 and 1998, greater than 99%/ if the winter flounder larvae
entrainment occurred in Spring (MarchJune). Assuming a 75% survival rate of winter flounder larvae
in the bypass flow, a corresponding 20% (75% of 25) decrease in conditional mortality for the winter
flounder population due to entrainment would result Since conditional mortality of winter flounder from
entrainment of the larvae is likely less than 5% under existing station operations (Section 5.3.3.3 of this
report), the variable flow rate alternative is estimated to reduce conditional mortality to less than 4.0%.
62.3.12

Mitigation Strategies

There are mitigation strategies in effect for the winter flounder, although they will not have any effect on
the existing thermal discharge characteristics or alter the potential impacts of entrainment or
impingement from those described for the existing intake system. The mitigation strategy in effect for
the winter flounder, which is designed to enhance the local winter flounder population, is discussed in
detail in Section 6.1.72 and briefly below in Section 62.3.13.
6.23.13

Evaluation of Other Criteria (Anthropogenic, Migratory, Other
Aquatic Effects)

Winter flounder are an important commercial fish species, but due to aggressive fishing efforts winter
flounder stocks are currently at critical levels. Inthe 1997 Status of the Fisheries of the U.S. report to
Congress, NMFS declared that the Gulf of Maine and southern New England stocks of winter flounder
are currently overfished and due to the lack of information, it could not determine if the stocks of
Georges Bank are at overfished status or are approaching the overfished status (NEFMC, 1998). It
should be noted that recent groundfish stock assessments reported by NEFMC (1999) indicated a
recent (late 1990's) rise in the winter flounder stock biomass as a result of reduced fishing pressure.
Aside from fishing mortality, Lawton (1999) reported that inshore winter flounder nursery habitat and
spawning grounds are subject to several anthropogenic effects including; habitat alteration' and
pollution. However, the recent improvement of the benthic habitat of Boston Harbor signified by the
increase in biomass of several sensitive benthic infauna species observed during the MWRA
monitoring studies, may have revitalized a once almost defunct spawning habitat
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PNPS is currently evaluating a proposal to stock winter flounder in Plymouth Bay. Ten to fifteen
thousand fish (five to six months old) would be raised from fish taken from Cape Cod Bay at a
waterfront hatchery in Chatham, Massachusetts. The fish will be tagged and delivered to the bay in
June or July of 2000 for the first pilot year of the effort. This stocking effort is In the pilot stage. The
fish tagging should provide a means of measuring the effectiveness of this option. PNPS samplers will
use the tags in future monitoring efforts.
62.3.14

Winter Flounder Alternative Technology Assessment,

Implementation of the majority of alternative technologies is not expected to alter the thermal discharge
characteristics. No mortality of winter flounder is expected as a result of the thermal plume.
Conditional mortality for the winter flounder remains zero for all altematives.
Conditional mortality as a result of impingement decreases with varying degrees for seven of the 13
alternative technologies presented. The decrease in conditional mortality from the 0.2% observed
under existing condition ranges between zero conditional mortality under the wedgewire and
gunderboom alternatives to only 0.18% (8% reduction) conditional mortality for variable speed pumps.
Conditional mortality has potential to increase under the offshore intake alternative to 025% from 02%
under existing conditions. Table 62-3 provides the conditional mortality percentages for each
alternative technology for comparison of potential impingement impacts
Conditional mortality as a result of entrainment decreases with varying degrees for 8 of the 12
alternative technologies presented. Winter flounder conditional mortality from existing condition is
unknown but likely less than 5%. The decreases in conditional mortality under alternative technologies
ranges between 02% conditional mortality under the dry cooling tower alternative to 4.5% (8%
reduction) conditional mortality for the fine mesh screen altemative. Table 6.2-3 provides the
conditional mortality percentages for each alternative technology for comparison of potential
entrainment impacts on the winter flounder
6.2A

Rainbow smelt (Osmerus mordax)
62A.1

Behavioral Barriers

Thermal ImDact
Behavioral barriers will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts identified for the existing
station operations. As described in detail in Section 5.3.4.1, rainbow smelt may avoid the thermal
plume as temperatures approach their thermal tolerance limit, but no mortality impacts are expected on
the rainbow smelt population as a result of the thermal discharge.
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Impingement Imoact
Behavioral barriers have not been demonstrated to be consistently reliable in obtaining an avoidance
response from rainbow smelt. Studies indicate that young of the year smelt may be repelled, but
conversely juvenile and adult smelt may be attracted to the barriers during fall. It Is assumed that the
potential benefits and negatives cancel one another out. Thus, potential impacts as a result of
impingement will not change from the potential impacts identified for the existing station operations.
Therefore, based on the projected average annual impingement rate of 1,959 under average
conditions and 10,644 under worst case conditions for the rainbow smelt 'under existing station
operations, there would be a 0.5% to 2.5% conditional mortality as a result 'of impingement (see
Section 5.3.4.2).
Entrainment Imoact
Since behavioral barriers rely on the ability of the organism to respond to a stimulus, they are not
effective in protecting fish eggs and larvae, or other planktonic organisms. Therefore, potential
entrainment impacts for the rainbow smelt larvae will not change from the potential impacts identified
for the existing station operations. As a result, the conditional mortality of rainbow smelt from
entrainment is uncertain, but Is likely no more than 0.00001 - 3%. For a detailed assessment of
rainbow smelt entrainment under existing conditions refer to Section 5.3.4.3 of this report.
6.2A.2

Diversion Devices - Louvers

Thermal Impact
Louvers will not have any effect on the thermal discharge characteristics. Potential impacts as a result
of the thermal plume will not change from the potential impacts identified for the existing station
operations. As described in detail in Section 5.3.4.1, rainbow smelt may avoid the thermal plume as
temperatures approach their thermal tolerance limit, but no mortality impacts are expected on the
rainbow smelt population as a result of the thermal discharge.
Impingement Impact
The placing of the louvers is planned in a line across the entrance to the intake so that fish would
continue inthe direction of the along shore current and away from the embayment This strategy has
been demonstrated to be effective for diverting migratory fish in riverine systems, but has not been
applied in a coastal setting. However, a conservative 25% reduction in conditional mortality for the
rainbow smelt is assumed. Therefore, impacts estimated from impingement on the rainbow smelt
population decreased by 490 infividuals to an annual average impingement rate of 1469 fish and by
2,661 to 7,983 individuals under worst case conditions. This would reduce conditional mortality from
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05% under existing conditions to 0.38% mortality and from 2.5 % under worst case conditions to 1.9%
in the estimated rainbow smelt population (see Section 5.3A.2) as a result of impingement.
Entrainment Imiact
Louvers will not have any effect on entrainment rates of larvae. Therefore, potential entrainment
impacts for the rainbow smelt larvae will not change from the potential impacts identified for the
existing station operations. As a result, the conditional mortality of rainbow smelt from entrainment is
uncertain, but is likely no more than 0.00001 - 3%/. For a detailed assessment of rainbow smelt
entrainment under existing conditions refer to Section 5.3.4.3 of this report
6.2A3

Alternative Intake System - Offshore Intake

Thermal Imract
An offshore intake system may somewhat decrease the magnitude of the thermal discharge, since the
submerged offshore intake would result in lower intake and associated lower discharge temperatures.
At most, the potential impacts as a result of the thermal plume may decrease the area that rainbow
smelt may avoid as temperatures approach their thermal tolerance limit during highest ambient
conditions, but conditional mortality for the rainbow smelt remains zero from the thermal discharge.
Impingement ImDact

An offshore intake system with horizontal flow (designed at 0.5 fps) created by a velocity cap on the
intake structure may decrease inshore species impingement As a near-shore species, rainbow smelt
impingement may decrease as a result of the offshore submerged intake structure. Therefore a 25%
decrease in rainbow smelt conditional mortality as a result of impingement is assumed in comparison
to the potential impacts identified for the existing station operations. Therefore, impacts estimated from
impingement on the rainbow smelt population decreased by 490 individuals to an annual average
impingement rate of 1469 fish and by 2,661 to 7,983 individuals under worst case conditions.. This
would reduce conditional mortality from 0.5% under existing conditions to 0.38% mortality and from 2.5
% under worst case conditions to 1.9% in the estimated rainbow smelt population (see Section 5.3.42)
as a result of impingement
Entrainment Impact
An offshore intake system with a submerged intake structure may increase the entrainment rates of
rainbow smelt larvae, since larvae are negatively phototactic and are likely to be concentrated at the
bottom of the water column. It is conservatively assumed that potential entrainment impacts will not
change from the potential impacts identified for the existing station operations. As a result, the
conditional mortality of rainbow smelt from entrainment is uncertain, but is likely no more than 0.00001
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3%. For a detailed assessment of rainbow smelt entrainment under existing conditions refer to
Section 5.3A.3 of this report.
-

62AA

Alternative Intake System - Wedgewire Screens

Thermal ImDact
Wedgewire screens will not have any effect on the thermal discharge characteristics. Potential
impacts as a result of the thermal plume will not change from the potential impacts Identified for the
existing station operations. As described in detail In Section 5.3.4.1, rainbow smelt may avoid the
thermal plume as temperatures approach their thermal tolerance limit, but no mortality impacts are
expected on the rainbow smelt population as a result of the thermal discharge.
Impingement Impact

Wedgewire screen is constructed of wire of triangular cross section so that the surface of the screen is
smooth while the screen openings widen inwards. The cylindrical screen design has been
demonstrated to essentially eliminate impingement. This would decrease conditional mortality from
impingement for the rainbow smelt under existing conditions from 0.5 - 2.5% to zero conditional
mortality.
Entrainment Impact
The wedgewire cylindrical screens of one-mm slot size have been demonstrated to reduce larvae
entrainment, In studies performed by Martin Marietta Environmental Systems (1984) entrainment rates
for the bay anchovy and naked gobies were reduced for both species except for the smallest size
categories. The success of reducing entrainment was not statistically significant in all four samples for
4-mm size class. The success of reducing entrainment was statistically significant in five out of eight
samples in the > 5 mm size class. Rainbow smelt larvae hatch at approximately 5 -6 mm in total
length and their yolk-sac Is absorbed by 7mm total length'(MacKensie," 1964). Given that the
wedgewire screens will only potentially decrease a portion of the entrained newly hatched larvae, a
conservative estimate of 25% reduction in conditional mortality is assumed. The conditional mortality of
rainbow smelt from entrainment of the larvae is 'likely 0.00001 - 3% under existing station operations
(Section 5.3.3.3 of this report), the wedgewire screen alternative is estimated to reduce conditional
mortality to 0.000008 - 2.25%
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62.4.5

Alternative Intake Screening System - Fine Mesh Screens

Thermal impact
Fine mesh screens will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts identified for the existing
station operations. As described in detail in Section 5.3A.1, rainbow smelt may avoid the thermal
plume as temperatures approach their thermal tolerance limit, but no mortality impacts are expected on
the rainbow smelt population as axresult of the thermal discharge.
ImDinaement Impact
Fine mesh screens will not have any effect on impingement. Thus, potential impacts as a result of
impingement will not change from the potential impacts identified for the existing station operations.
Therefore, based on the projected average annual impingement rate Of 1,959 under average
conditions and 10,644 under worst case conditions for the. rainbow smelt under existing station
operations, there would be a 0.5% to 2.5% conditional mortality as a result of impingement (see
Section 5.3.42).
Entrainment Impact
Fine mesh (< 1 mm) screens may prevent the entrainment of rainbow smelt larvae, although
survivability is a major concern. The effect of fine mesh screens on the entrainment of rainbow smelt
larvae is conservatively assumed to reduce the conditional mortality by 10%'. Since conditional
mortality of rainbow smelt from entrainment of the larvae is likely less than 0.00001 - 3%h under existing
station operations (Section 5.3.3.3 of this report), the fine mesh screen alternative is estimated to
reduce conditional mortality to 0.000009 - 2.7%.
6.2A.6

Alternative Intake Screening System - Gunderboom

Thermal Impact
A gunderboom will not have any effect on the thermal discharge characteristics. Potential impacts as a
result of the thermal plume will not change from the potential impacts identified for the existing station
operations. As described in detail in Section 5.3.4.1, rainbow smelt may avoid the thermal plume as
temperatures approach their thermal tolerance limit, but no mortality impacts are expected on the
rainbow smelt population as a result of the thermal discharge.
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Impingement Impact
The Gunderboom system is a full water depth filter (double panel) curtain suspended from flotation
billets at the water surface and secured in place by an anchoring system. This system design should
essentially eliminate impingement. This would decrease conditional mortality of rainbow smelt from
impingement under the existing conditions from 0.5 - 2.5% to zero conditional mortality.
Entrainment ImDact
The Gunderboom system is a full water depth filter (double panel) curtain suspended from flotation
billets at the water surface and secured in place by an anchoring system. Use of standard system
material should essentially eliminate entrainment, although a coarser than standard mesh Is required
for this application to obtain the desired flow rate for the cooling system. Therefore, a decrease in 50%
conditional mortality of rainbow smelt entrainment is assumed. Since conditional mortality of rainbow
smelt from entrainment of the larvae is likely less than 0.00001 - 3% under existing station operations
(Section 5.3.3.3 of this report), the gunderboom alternative is estimated to reduce conditional mortality
to 0.000005 - 0.15%.
6.2A.7

Closed Cycle System - Mechanical Draft Cooling Tower

Thermal Impact
The use of a salt-water mechanical draft-cooling tower at' PNPS would reduce the cooling water
discharge to the bay from 321',000 gpm to 19,000 gpm. The reduction in thermal discharge may
decrease the area that rainbow smelt may avoid as temperatures approach their thermal tolerance limit
during highest ambient conditions, but conditional mortality for the rainbow smelt remains zero from the
thermal discharge.
Imoinaement Impact

The mechanical draft cooling tower alternative would effectively reduce Impingement In proportion to
the reduction in flow rate from 321,000 gpm to 19,000 gpm. Therefore, impacts estimated from
impingement on the rainbow smelt population decreased by 1,842 individuals to an annual average
impingement rate of 118 fish and by 10,005 to 639 individuals under worst case conditions. This would
reduce conditional mortality from 0.5% under existing conditions to 0.02% mortality and from 2.5 %
under worst case'conditions to 0.1% in the estimated rainbow smelt population (see Section 5.3.4.2)
as a result of impingement

JAPubSW"Wftje=\0970021\2.dOC

6-53

Marh, 2000

ENR
Entrainment Impact
The mechanical draft cooling tower alternative would effectively reduce entrainment in proportion to the
reduction in flow rate from 321,000 gpm to 19,000 gpm. Therefore, a reduction in conditional mortality
of 94% is assumed. Since conditional mortality of rainbow smelt from entrainment of the larvae is likely
less than 0.00001 - 30/6 under existing station operations (Section 5.3.3.3 of this report), the
mechanical draft cooling tower alternative is estimated to reduce conditional mortality to 0.0000006 0.18%.
62.4.8

Closed Cycle System - Natural Draft Cooling Tower

Thermal Impact
The use of a natural draft-cooling tower at PNPS would reduce the cooling water discharge to the bay
from 321,000 gpm to 19,000 gpm. The reduction in thermal discharge may decrease the area that
rainbow smelt may avoid as temperatures approach their thermal tolerance limit during highest
ambient conditions, but conditional mortality for the rainbow smelt remains zero from the thermal
discharge.
Imningement Imnact
The natural draft cooling tower alternative would effectively reduce impingement in proportion to the
reduction in flow rate from 321,000 gpm to 19,000 gpm. Therefore, impacts estimated from
impingement on the rainbow smelt population decreased by 1,8421individuals to an annual average
impingement rate of 118 fish and by 10,005 to 639 individuals under worst case conditions. This would
reduce conditional mortality from 5% under existing conditions to 0.03% mortality and from 2.5% under
worst case conditions to 0.15% in the estimated rainbow smelt population (see Section 5.3A2) as a
result of impingement.
Entrainment Imnact
The natural draft cooling tower alternative would effectively reduce entrainment in proportion to the
reduction in flow rate from 321,000 gpm to 19,000 gpm. Therefore, a reduction in conditional mortality
of 94% is assumed. Since conditional mortality of rainbow smelt from entrainment of the larvae is likely
less than 0.00001 - 3% under existing station operations (Section 5.3.3.3 of this report), the natural
draft cooling tower alternative is estimated to reduce conditional mortality to 0.0000006 - 0.18%.
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Closed Cycle System -Dry Cooling Tower

Thermal lmDact
The use of a dry cooling tower would eliminate the cooling water discharge to the bay. Still, conditional
mortality for the rainbow smelt remains zero from the thermal discharge.
Imningement Imnact
The dry cooling tower alternative would effectively reduce impingement in proportion to the reduction in
flow rate from 321,000 gpm to 10,000 gpm. Therefore, a reduction in conditional mortality of 97%h is
assumed. Impacts estimated from impingement on the rainbow smelt population decreased by 1,900
individuals to an annual average impingement rate of 59 fish and by 10,325 to 319 individuals under
worst case conditions. This would reduce conditional mortality from 0.5% under existing conditions to
0.015% mortality and from 2.5 % under worst case conditions to 0.075% in the estimated rainbow
smelt population (see Section 5.3.42) as a result of impingement.
Entrainment Imnact
The dry cooling tower alternative would effectively reduce Impingement in proportion to the reduction in
flow rate from 321,000 gpm to 10,000 gpm. Therefore, a reduction in conditional mortality of 97% is
assumed. Since conditional mortality of rainbow smelt from entrainment of the larvae is likely less than
0.00001 -3% under existing station operations (Section 5.3.3.3 of this report), the natural draft cooling
tower alternative is estimated to reduce conditional mortality to 0.0000003 - 0.09%.
6.2A.10

Variable Speed Pumps

Variable speed pumps would reduce flow by 25% but in turn would increase the temperature of the
thermal discharge; therefore no changes in the thermal discharge characteristics are expected as the
discharge heat load is expected to remain constant Potential impacts as a result of the thermal plume
will not change from the potential impacts Identified for the existing station operations. As described in
detail In Section 5.3.4.1, rainbow smelt may avoid the thermal plume as temperatures approach their
thermal tolerance limit, but no mortality impacts are expected on the rainbow smelt population as a
result of the thermal discharge.
impinoement Imnact
Variable speed pumps could reduce flow by 25% during four months in spring. Rainbow smelt
impingement occurs throughout the year although the larger impingement rates are observed primarily
during late fal/winter (Lawton et at., 1999). Thus reducing the flow in spring would have little effect on
reducing rainbow smelt impingement Therefore a conservative 5% decrease in rainbow smelt
J.APLIbSWw9rP\0970021\2CtL-d.doc
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conditional mortality as a result of impingement Is assumed in comparison to the potential impacts
identified for the existing station operations. Impacts estimated from impingement on the rainbow smelt
population decreased by 98 individuals to an annual average impingement rate of 1,861 fish and by
532 to 10,111 individuals under worst case conditions. This would reduce conditional mortality from
0.5% under existing conditions to 0.475% mortality and from 2.5% under worst case conditions to
2.375% in the estimated rainbow smelt population (see Section 5.3A.2) as a result of impingement
Entrainment Impact
Variable speed pumps would reduce flow by 25% during four months in spring. Rainbow smelt larvae
are entrained in relatively low -numbers between April and July, although primarily between April and
June. In both 1997 and 1998, over 900/c of the rainbow smelt larvae'entrained at PNPS occurred
between April and June. If a 25% reduction in flow occurred during the spring, a conservative
assumption of a 22.5% (25% of 90) decrease in conditional mortality for the rainbow smelt as a result
of entrainment could be assumed. Conditional mortality of rainbow smelt from entrainment of the
larvae is likely between 0.00001 - 3% under existing station operations (Section 5.3.3.3 of this report),
the 22.5% decrease as a result of the variable flow rate altemative is estimated to reduce conditional
mortality to 0.000008 - 2.325%.
62A.11

Cooling Water Bypass

Thermal ImDact
A cooling water bypass system would reduce flow through the condensers by 25% but would have the
same discharge flow rate and heat load. Potential impacts as a result of the thermal plume will not
change from the potential impacts identified for the existing station operations. As described in detail in
Section 5.3.4.1, rainbow smelt may avoid the thermal plume as temperatures approach their thermal
tolerance limit, but no mortality impacts are expected on the rainbow smelt population as a result of the
thermal discharge.
Impingement Impact
A cooling water bypass system would reduce flow through the condensers by 25% but would have the
same discharge; flow rate and heat load Thus, potential impacts as a result of impingement will not
change from the potential impacts identified for the existing station operations. Therefore, based on the
projected average annual impingement rate of 1,959 under average conditions and 10,644 under worst
case conditions for the rainbow smelt under existing station operations, there would be a 0.5% to 2.5%
conditional mortality as a result of impingement (see Section 5.3A.2).
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Entrainment imDact
A cooling water bypass system could reduce flow through the condensers by 25%during four months
in spring. Rainbow smelt larvae are entrained in relatively low numbers between April and July,.
although primarily between April and June. In both 1997 and 1998, over 90%/. of the rainbow smelt
larvae entrained at PNPS occurred between April and June. Assuming a 75% survival rate of the
rainbow smelt larvae in the bypass flow, a corresponding 18% (20%h of 90) decrease in conditional
mortality for the rainbow smelt as a result of entrainment could be assumed. Conditional mortality of
rainbow smelt from entrainment of the larvae Is likely between 0.00001 - 3% under existing station
operations (Section 5.3.3.3 of this report), the 18% decrease as a result of the variable flow rate
alternative is estimated to reduce conditional mortality to 0.000008 -2.48%.
6.2A.12

Mitigation Strategies

There are mitigation strategies in effect for the rainbow smelt, although they will not have any effect on
the existing thermal discharge characteristics or after the potential impacts of entrainment or
impingement from those described for the existing intake system. The mitigation strategy in effect for
rainbow smelt, which is designed to enhance the local rainbow smelt population, is discussed in detail
in Section 6.1.7.1 and briefly below inSection 62A.13.
6.2.4.13

Evaluation of Other Criteria (Anthropogenic, Migratory, Other
Aquatic Effects)

Plymouth, Kingston, Duxbury Bay smelt populations declined in the late 1980's and early 1990's, as
did many other anadromous smelt populations in the Northeast (Lawton et al 1999). Structural
alterations and storm water run-off appeared to be common threats to anadromous fish runs
throughout the northeast The large impingement incidents of 1993 and 1994 at PNPS exasperated
the effects of the already observed declines Inthe rainbow smelt spawning stock size. To reverse this
trend and to offset the large impingement incidents, a habitat enhancement and restoration project was
initiated.
In 1994 and 1995 1.8 million wild anadromous smelt eggs were stocked into the Jones River, in
Kingston, which isthe principal spawning ground for these fish. Inaddition to the stocking in the Jones
River, the habitat has been enhanced and restored. Trays filled with sphagnum moss have been
placed on the spawning area to provide artificial substrate for the demersal, adhesive smelt eggs since
very little natural vegetation exists in the spawning grounds. The sphagnum moss filled trays provide a
depositional surface that protects the eggs during development (Lawton et al. 1999). Vegetative
habitat has been reported to increase smelt egg survival up to the hatching stage to 10% in
comparison to only 1% survival on natural hard abiotic substrate (Suter, 1980). Other habitat
mitigation measures included the removal of downed trees and other obstructions leading up to the
spawning grounds from the river (Lawton eta! 1999).
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Rainbow Smelt Altemative Technology Assessment

Implementation of the majority of alternative technologies is not expected to alter the thermal discharge
characteristics. Conditional mortality for the rainbow smelt remains zero for all alternatives.
Conditional mortality as a result of impingement decreases with varying degrees for 8 of the 13
alternative technologies presented. The decrease in conditional mortality from the 0.5 to 2.5%
observed under existing condition ranges between zero conditional mortality under the wedgewire and
gunderboom alternatives to only 0.475 - 2.375% (5%h reduction) conditional mortality under the variable
speed pump altemative. Table 6.2-4 provides the conditional mortality percentages for each alternative
technology for comparison of potential impingement impacts to the rainbow smelt
Conditional mortality as a result of entrainment decreases' with varying degrees for 8 of the 13
alternative technologies presented. The decrease in conditional mortality from existing conditions is
likely less than 0.00001 - 3%. The decreases in conditional mortality under alternative technologies
range between 0.0000003 - 0.09%/6 conditional mortality under the dry cooling tower alternative to
0.000009 - 2.7% (8% reduction) conditional mortality under fine mesh screens alternative. Table 62-4
provides the conditional mortality percentages for each alternative technology for comparison of
potential entrainment impacts to the rainbow smelt
6.2.5

Cunner (Tautogolabmrsadspersus)
62.5.1

Behavioral Barriers

Thermal Impact
Behavioral barriers will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not differ from the potential impacts identified for the existing
station operations. No available studies indicate any behavioral response of cunner to strobe lights.
Therefore, cunner mortality as a result of the thermal discharge remains zero.
Imoinoement Impact
Potential impingement impacts from behavioral barriers will not differ from the potential impacts
Identified for the existing station operations. Therefore, the conditional mortality for cunner as a result
of impingement remains between 0.02 and 3.1%.
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Entrainment Impact
Potential entrainment impacts from behavioral barriers will not differ from the potential impacts
identified for the existing station operations. Therefore, the conditional mortality for cunner as a result
of entrainment remains at 0.26%.

62.5.2

Diversion Devices - Louvers

Thermal ImDact
Diversion devices will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts identified for the existing
station operations. Therefore, cunner mortality as a result of the thermal discharge remains zero.
Imingermrent Imoact
The effects of diversion devices on the impingement of cunner are uncertain. Diversion devices could
cause an increase in mortality due to the increased concentration of fish at the entrance to the intake
embayment. However, a 25% reduction In the conditional mortality of cunner Is conservatively
assumed. Therefore, the conditional mortality of cunner, as a result of impingement, is expected to be
reduced to 0.015 - 2.3%.
Entrainment Imoact
Potential entrainment impacts from diversion devices will not differ from the potential impacts identified
for the existing station operations. Therefore, the conditional mortality for cunner as a result of
entrainment remains at 026%.
Altemative Intake System -Offshore Intake

62.5.3
Thermal Impact

Offshore intakes will not have any effect on the thermal discharge characterization. Potential impacts
as a result of the thermal plume will not change from the potential impacts Identified for the existing
station operations. Therefore, cunner mortality as a result of the thermal discharge remains zero.
.

ImDingement Impact
Since cunner are structure-oriented species, the development of an offshore intake system may
provide suitable habitat and lead to an increase in the cunner population around the intake structure.
2
However, cunner are residents of the nearshore fish assemblage, so the effect of an offshoreMaintake
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system on the impingement of cunner is assumed to decrease the conditional mortality by 25%.
Therefore, the conditional mortality of cunner, as a result of impingement is expected to decrease to
0.015 - 2.4%.
Entrainment Imoact
Cunner eggs are buoyant and the larvae are planktonic, therefore, both are subject to entrainment at
PNPS. Since cunner are residents of the nearshore fish assemblage and spawn in shallow waters, the
effect of an offshore intake system on the entrainment of cunner eggs and larvae is expected to reduce
the conditional mortality by 25%. Therefore, the conditional mortality of cunner, as a result of
entrainment, is expected to decrease to 02%.
62.5A

Alternative Intake System - Wedgewire Screens

Thermal Imoact
Wedgewire screens will not have any effect on the thermal discharge characteristics. Potential
impacts as a result of the thermal plume will not change from the potential Impacts identified for the
existing station operations. Therefore, cunner mortality as a result of the thermal discharge remains
zero.
Imoinpement Imact
Wedgewire screens have been demonstrated to essentially eliminate impingement. Potential
impingement impacts as a result of the wedgewire screens will be reduced from the potential impacts
identified for the existing stations operations. Therefore, cunner mortality as a result of impingement is
not expected.
Entrainment Imoact
The placement of the wedgewire screens offshore, outside the embayment, is expected to decrease
the entrainment of cunner eggs and larvae, which are primarily found in shallow waters. In addition,
the small slot size is expected to reduce the entrainment of larvae greater than 8mm. XSince cunner
spawn in shallow waters and their larvae range from 2mm (at hatching) to 15 mm, the effect of
wedgewire screens on the entrainment of cunner is assumed to reduce the conditional mortality by
75%. Therefore, the conditional mortality of cunner, as a result of entrainment is expected to decrease
to 0.065%.
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62.5.5

Alternative Intake Screening System - Fine Mesh Screens

Thermal Impact
Fine mesh screens will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts Identified for the existing
station operations. Therefore, cunner mortality as a result of the thermal discharge remains zero.
Impingement Impact
Potential impingement impacts from fine mesh screens will not differ from the potential impacts
identified for the existing station operations. Therefore, the conditional mortality for cunner as a result
of impingement remains between 0.02 and 3.1%.
Entrainment Imoact
Although the fine mesh (1-mm) will prevent entrainment of fish eggs and larvae, survivability is a major
concern. The effect of fine mesh screens on the entrainment of cunner is conservatively assumed to
reduce the conditional mortality by 10%. Therefore the conditional mortality of cunner as a result of
entrainment is expected to decrease to 0234%
62.5.6

Alternative Intake Screening System - Gunderboom

Thermal Impact
Gunderbooms will not have any effect on the thermal discharge characteristics. Potential impacts as a
result of the thermal plume will not change from the potential impacts identified for the existing station
operations. Therefore, cunner mortality as a result of the thermal discharge remains zero.
Impingement Impact
Gunderbooms have proven to be effective in substantially reducing fish impingement Potential
impingement Impacts as a result of the gunderbooms will be reduced from the potential impacts
Identified for the existing stations operations. Therefore, cunner mortality as a result of Impingement is
not expected.
Entrainment ImPactGunderbooms have proven to be effective in substantially reducing larval entrainment. The use of
standard design material should eliminate entrainment. However, in order to obtain the desired flow
rate for the cooling tower, a coarser than standard mesh is required. The coarse mesh is
JAPubs~mn97\Pr~ecs
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conservatively assumed to reduce the conditional mortality by 50%. Therefore, the conditional
mortality of cunner as a result of entrainment is expected to decrease to 0.13%
62.5.7

Closed Cycle System - Mechanical Draft Cooling Tower

Thermal Impact
The use of a mechanical draft cooling tower would reduce the cooling water discharge to the bay from
321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the mechanical draft cooling tower,
corresponds to a 94% reduction in the thermal effects identified for the existing conditions. Therefore,
cunner mortality as a result of the thermal discharge remains zero.
Imninaement Impact

The use of the mechanical draft cooling tower would reduce the cooling water withdrawal from the bay
from 321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the mechanical draft cooling
tower, corresponds to a 94% reduction in the conditional mortality expected from impingement
Therefore, the conditional mortality of cunner as a result of impingement is expected to be reduced to

0.0012 -0.19%.
Entrainment Imnact
The use of the mechanical draft cooling tower would reduce the cooling water withdrawal from the bay
from 321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the mechanical draft cooling
tower, corresponds to a 94% reduction in the conditional mortality expected from entrainment
Therefore, the conditional mortality of cunner as a result of entrainment is expected to decrease to
0.0156%h.
6.2.5.8

Closed Cycle System - Natural Draft Cooling Tower

Thermal Imract
The use of a natural draft cooling tower would reduce the cooling water discharge to the bay from
321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the natural draft cooling tower,
corresponds to a 94% reduction in the thermal effects identified for existing conditions. Therefore,
cunner mortality as a result of the thermal discharge remains zero.
ImDinaement Impact

The use of the natural draft cooling tower would reduce the cooling water withdrawal from the bay from
321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the natural draft cooling tower,
JAPUMVMv9rPMIeCtS=70021WOMs&edacted.doe
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corresponds to a 94% reduction in the conditional mortality expected from impingement. Therefore,
the conditional mortality of cunner as a result of impingement is expected to be reduced to 0.0012 0.19%. -

Entrainment ImDact
The use of the natural draft cooling tower would reduce the cooling water withdrawal from the bay from
321,000 to 19,000 gpm. The 94% reduction In flow, as a result of the natural draft cooling tower,
corresponds to a 94% reduction in the conditional mortality expected from entrainment. Therefore, the
conditional mortality of cunner as a result of entrainment is expected to decrease to 0.0156%.
62.5.9

Closed Cycle System -Dry Cooling Tower

Thermal ImDact
The use of the dry cooling tower would eliminate the cooling water discharge to the bay. Therefore,
cunner mortality as a result of the thermal discharge remains zero.
Impinaement Impact

The use of the dry cooling tower would reduce the cooling water withdrawal from the bay from 321,000
to 10,000 gpm. The 970/% reduction in flow, as a result of the dry cooling tower, corresponds to a 97%
reduction in the conditional mortality expected from impingement. Therefore, the conditional mortality
of cunner as a result of Impingement is expected to be reduced to 0.0006 - 0.093%.
Entrainment Impact
The use of the dry cooling tower would reduce the cooling water withdrawal from the bay from 321,000
to 10,000 gpm. The 97% reduction in flow, as a result of the dry cooling tower, corresponds to a 97%/6
reduction in the conditional mortality expected from entrainment. Therefore, the conditional mortality of
cunner as a result of entrainment is expected to decrease to 0.0078%.
625.10

Variable Speed Pumps

Thermal Impact

Variable speed pumps will not have any effect on the thermal discharge characteristics. Potential
impacts as a result of the thermal plume will not change from the potential impacts identified for the
existing station operations. Therefore, cunner mortality as a result of the thermal discharge remains
zero.
6-3Mrc,-O
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lmpingement Imnact
Variable speed pumps would allow a reduction in cooling water flow during periods of peak
impingement The pumps would be adjusted to decrease the flow by 25% over a four-month period in
the spring. A corresponding 25% decrease in impingement is expected during those four months.
Since cunner have been found in impingement samples from March to December over a ten year
period (1989-1998), the 25% reduction in flow will only occur during 2/5 (4 out of 10 months) of the
period of impingement During the remaining 3/5 of the 'impingement period no reduction in
impingement Is expected. Therefore, the conditional mortality of cunner as a result of impingement is
expected to be reduced by 10%/a (215 of 25%) to atrange between 0.018 and 2.8%.
Entrainment Impact
Variable speed pumps would allow the reduction in cooling water 'flow during periods of peak
entrainment. The pumps would be adjusted to decrease the flow by 25% over a four-month period in
the spring. A corresponding 25% decrease in entrainment is expected during those four months.
However, cunner are generally found in entrainment samples from May through October, and the
reduction flow will only occur during 1/3 (2 out of 6 months) of their spawning season. During the
remaining 2/3 of their spawning season no reduction in entrainment is expected. Therefore, the
conditional mortality of cunner as a result of entrainment is expected to be reduced by 8%h (1/3 of 25%h)
to 0.24%.
62-5.11

Cooling Water Bypass

Thermal Imrnact
A cooling water bypass system will not have any effect on the thermal discharge characteristics.
Potential impacts as a result of the thermal plume will not change from the potential impacts identified
for the existing station operations. Therefore, cunner mortality as a result of the thermal discharge
remains zero.
Imringement Imnact
The cooling water bypass system will not have any effect on the impingement rate of cunner. Potential
impacts a result of impingement will not change form the potential impacts identified for the existing
station operations. Therefore, the conditional mortality of cunner as a result of impingement remains
between 0.02 and 3.1%.
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Entrainment Imnact
The cooling water bypass system would reduce the cooling water flow rate through station condensers
and add a corresponding amount of bypass flow into the discharge canal. The reduction in flow rate
through the condensers could result In reduced entrainment losses. This assumes that the highest
percentage of mortality due to entrainment occur during passage through the condensers. Diversion of
25% of the normal cooling water flow over a four month period is evaluated. Assuming a 75% survival
rate of cunner eggs and larvae In the bypass flow, a corresponding 20% (25% of 75) decrease in
entrainment would result. However, cunner are generally found in entrainment -samples from May
through October and the 20% reduction in entrainment will only occur during 1/3 of their spawning
season. During the remaining 2/3 of their spawning season no reduction in entrainment is expected.
Therefore, the conditional mortality of cunner as a result of entrainment is expected to be reduced by
70/o (1/3 of 20%) to 0.24%. This assessment conservatively assumes no mortality losses in the bypass
flow.
62.5.12

Mitigation Strategies

The existing cooling system has an insignificant impact on the cunner population as described in
Section 5.3.5.4. Therefore, no mitigation strategies for the cunner are planned. In addition, mitigation
strategies will not have any effect on the thermal discharge characteristics or alter the potential impacts
of entrainment or impingement from those described for the existing station operations. As a result,
conditional mortality remains less than 3.4% for the cumulative impacts assessed for the cunner as
described in Section 5.3.5.4 of this report. It should be noted, that the intake breakwaters and
discharge jetty that exist under the current cooling system at PNPS may serve as a mitigation strategy
for the cunner by providing additional habitat suitable for the cunner as described below in Section
625.14.
6.2.5.13

Evaluation of Other Criteria (Anthropogenic, Migratory, Other
Aquatic Effects)

The cunner requires refuge areas throughout its entire life. Shelter is imperative to its sleep phase,
and in general, provides protection from predators and often offers foraging opportunities. At PNPS,
the intake breakwaters and discharge jetties augment natural structure, providing a high-relief,
structurally complex habitat for the cunner. Given the favorable habitat, cunner may be drawn to the
structure of the breakwaters and jetties, thereby enhancing the local adult population while also
increasing the potential for impingement and entrainment.
62.5.14

Cunner Altemative Technology Assessment

A comparison of the altemative technologies on the conditional mortality of cunner as the result of the
thermal discharge, impingement and entrainment is presented in Table 62-5. Implementation of the
MahOO
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majority of alternative technologies is not expected to have an effect on the thermal discharge
characterization. Therefore, the conditional mortality remains zero.
The alternative technologies presented above typically impact the impingement and entrainment of
cunner. The impact is commonly expressed as a decrease or increase in the conditional mortality.
Conditional mortality as a result of impingement decreases or remains the same as existing conditions
(3.1%) with the implementation of alternative technologies. With the implementation of alternative
technologies, conditional mortality as a result of impingement ranges from 0 (wedgewire screens and
gunderbooms) to 3.1% (behavior barrier, fine mesh screen, cooling water bypass).
Cunner entrainment either remains the same as existing conditions (0260%) or is reduced as a result of
implementation of the above mentioned alternative technologies. Conditional mortality as a result of
entrainment ranges from 0.008% (dry cooling tower) to 026°%(behavior barrier, louvers).
Overall, despite the impact of impingement and entrainment on the local cunner population, the local
cunner population is likely similar or larger than other regions along the coast due to the favorable
habitat provided by the intake breakwaters and discharge jetties of PNPS.
62-6

Alewife (Alosa pseudoharengus)
62.6.1

Behavioral Barriers

Thermal Imoact
Behavioral barriers will not have any effect on the thermal discharge characteristics. Potental impacts
as a result of the thermal plume will not differ from the potential impacts identified for the existing
station operations. Therefore, alewife mortality as a result of the thermal discharge remains zero.
ImDingement Impact

Although some studies indicate that adult alewives are repelled by behavioral barriers such as the
strobe light system, additional literature indicates that juvenile alewives are attracted to such a system.
Therefore, it is assumed that potential impingement impacts from behavioral barriers will not differ from
the potential impacts identified for the existing station operations. As a result, the conditional mortality
for alewife, due to impingement, remains at less than 0.02%.
Entrainment Impact
Potential entrainment impacts from behavioral barriers will not differ from the potential impacts
identified for the existing station operations. Therefore, the conditional mortality of alewives due to
entrainment remains insignificant at less than 0.00005%.
JVWWWV4MMOC&07=V..doc
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Diversion Devices - Louvers

Thermal Impact
Diversion devices will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts identified for the existing
station operations. Therefore, alewife mortality, as a result of the thermal discharge, is not expected.
Impingement Imoact

The effects of diversion devices on the impingement of alewives are uncertain. Diversion devices
could cause an increase in mortality due to the increased concentration of fish at the entrance to the
intake embayment. However, a 25% reduction in the conditional mortality of alewives is conservatively
assumed. Therefore, the conditional mortality of alewives, as a result of impingement, is expected to
be reduced to less than 0.01 5%
Entrainment Imoact
Potential entrainment impacts from diversion devices will not differ from the potential impacts identified
for the existing station operations. Therefore, the conditional mortality of alewives due to entrainment
remains insignificant at less than 0.00005%.
62.6.3

Alternative Intake System - Offshore Intake

Thermal Impact
Offshore Intakes will not have any effect on the thermal discharge characteristics. Potential impacts as

a result of the thermal plume will not change from the potential impacts identified for the existing station
operations. Therefore, -alewife mortality as a result of the thermal discharge remains zero.
Impingement Impact
Since alewives are near shore/pelagic species, the development of an offshore intake system may
lessen the effect on the local alewife population. The effect of an offshore intake system on the
impingement of alewives is assumed to reduce the conditional mortality by 5i0%. Therefore, the
conditional mortality of alewives, as a result of impingement, is expected to decrease to 0.01%.
Entrainment Impact
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Although alewife eggs are demersal, alewives spawn in freshwater. The effects of an offshore intake
system is assumed to conservatively reduce the condifional mortality by 25%. Therefore, the
conditional mortality of alewives due to entrainment is expected to decrease to less than 0.00004%.
626A

Alternative Intake System - Wedgewire Screens

Thermal Imoact
Wedgewire screens will not have any effect on the thermal discharge characteristics. Potential
impacts as a result of the thermal plume will not change from the potential impacts Identified for the
existing station operations. Therefore, alewife mortality as a result of the thermal discharge remains
zero.
Imoinoement Impact
Wedgewire screens have been demonstrated to essentially eliminate impingement. Potential
impingement impacts as a result of the wedgewire screens will be reduced from the potential impacts
identified for the existing stations operations. Therefore, alewife mortality as a result of impingement is
not expected.
Entrainment Impact
The placement of the wedgewire screens offshore, outside the embayment, is expected to decrease
the entrainment of alewife eggs and larvae. Given the anadromous lifestyle of the alewife, the eggs
are released in rivers and streams and do not leave the nursery ground until they become juveniles.
In addition, the small slot size is expected to reduce the entrainment of larvae greater than 8mm.
Since the size of alewife larvae ranges from 2.5 mm (at hatching) to 20 mm. The effect of wedgewire
screens on the entrainment of alewives is assumed to reduce the conditional mortality by 50%.
Therefore, the conditional mortality of alewives as a result of entrainment is expected to decrease to
0.000025%.
62.6.5

Alternative Intake Screening System - Fine Mesh Screens

Thermal Impact
Fine mesh screens will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts identified for the existing
station operations. Therefore, alewife mortality as a result of the thermal discharge remains zero.
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Impingement Impact
Potential impingement impacts from fine mesh screens will not differ from the potential impacts
identified for the existing station operations. Therefore, the conditional mortality for alewife as a result
of impingement remains at less than 0.02%.
Entrainment Imnact
Although the fine mesh (< 1 mm) will prevent entrainment of fish eggs and larvae, survivability is a
major concern. The effect of fine mesh screens on the entrainment of alewives is conservatively
assumed to reduce the conditional mortality by 10%. Therefore the conditional mortality of alewives as
a result of entrainment is expected to decrease to 0.000045%.
62.6.6

Altemative Intake Screening System - Gunderboom

Thermal Imoact
Gunderbooms will not have any effect on the thermal discharge characteristics. Potential impacts as a
result of the thermal plume will not change from the potential impacts Identified for the existing station
operations. Therefore, alewife mortality as a result of the thermal discharge remains zero.
Impingement Impact
Gunderbooms have proven to be effective in substantially reducing fish impingement. Potential
impingement impacts as a result of the gunderbooms will be reduced from the potential impacts
identified for the existing stations operations. Therefore, alewife mortality as a result of impingement is
not expected.
Entrainment ImDact
Gunderbooms have proven to be effective In substantially reducing larval entrainment The use of a
standard design material should eliminate entrainment However, in order to obtain the desired flow
rate for the cooling system, a coarser than standard mesh is required. The coarse mesh is
conservatively assumed to reduce the conditional mortality by 50%. Therefore, the conditional
mortality of alewives as a result of entrainment is expected to decrease to 0.000025%
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62.6.7

Closed Cycle System - Mechanical Draft Cooling Tower

Thermal ImDact

The use of a mechanical draft cooling tower would reduce the cooling water discharge to the bay from
321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the mechanical draft cooling tower,
corresponds to a 94% reduction in the thermal effects identified for existing conditions. Therefore,
alewife mortality as a result of the thermal discharge remains zero.
Impingement Impact
The use of a mechanical draft cooling tower would reduce the cooling water withdrawal from the bay
from 321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the mechanical draft cooling
tower, corresponds to a 94% reduction in the conditional mortality expected from impingement
Therefore, the conditional mortality of alewives as a result of impingement is expected to decrease to
0.0012%.
Entrainment Imoact
The use of a mechanical draft cooling tower would reduce the cooling water withdrawal from the bay
from 321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the mechanical draft cooling
tower, corresponds to a 94% reduction in the conditional mortality expected from entrainment.
Therefore, the conditional mortality of alewives as a result of entrainment is expected to decrease to
0.000003%.
626.8

Closed Cycle System - Natural Draft Cooling Tower

Thermal Imoact
The use of a natural draft cooling tower would reduce the cooling water discharge to the bay from
321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the natural draft cooling tower,
corresponds to a 94% reduction in the thermal effects identified for existing conditions. Therefore,
alewife mortality as a result of the thermal discharge remains zero.
ImDinoement ImDact

The use of a natural draft cooling tower would reduce the cooling water withdrawal from the bay from
321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the natural draft cooling tower,
corresponds to a 94% reduction in the conditional mortality expected from impingement Therefore,
the conditional mortality of alewives as a result of impingement is expected to decrease to 0.0012%.
Ma2OOO
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Entrainment ImDact
The use of a natural draft cooling tower would reduce the cooling water withdrawal from the bay from
321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the natural draft cooling tower,
corresponds to a 94% reduction in the conditional mortality expected from entrainment. Therefore, the
conditional mortality of alewives as a result of entrainment is expected to decrease to 0.000003%.
62.6.9

Closed Cycle System -Dry Cooling Tower

Thermal ImDact
The use of a dry cooling tower would eliminate the thermal discharge to the bay. Alewife mortality as a
result of the thermal discharge would remain zero.
Imoinuement lmDact

The use of a dry cooling tower would reduce the cooling water withdrawal from the bay from 321,000
to 10,000 gpm. The 97%/O reduction Inflow, as a result of the dry cooling tower, corresponds to a 97/%
reduction in the conditional mortality expected from impingement Therefore, the conditional mortality
of alewives as a result of impingement Is expected to decrease to 0.0006h.
Entrainment Imoact
The use of a dry cooling tower would reduce the cooling water withdrawal from the bay from 321,000
to 10,000 gpm. The 97% reduction in flow, as a result of the dry cooling tower, corresponds to a 97%
reduction in the conditional mortality expected from entrainment. Therefore, the conditional mortality of
alewives as a result of entrainment is expected to decrease to 0.0000015%.
6.26.10

Variable Speed Pumps

Thermal Impact

Variable speed pumps will not have any effect on the thermal discharge characteristics. Potential
impacts as a result of the thermal plume will not change from the potential impacts Identified for the
existing station operations. Therefore, alewife mortality as a result of the thermal discharge remains
zero.
Impinoement Impact
Variable speed pumps, would allow a reduction in cooling water flow during periods of peak
impingement. The pumps would be adjusted to decrease the flow by 25% over a four-month period in
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the spring. A corresponding 25% decrease in impingement is expected during those four months.
Since alewives have been found in impingement samples in ApriiMay and November/December over
a ten year period (1989-1998), the25/%reduction in flow will only occur during 1/2 of the period of
impingement, During the remaining half of the impingement period no reduction is expected.
Therefore, the conditional mortality of alewives as a result of impingement is expected to be reduced
by 12% (1/2 of 25%) to 0.01 8%.
Entrainment Imnact
Variable speed pumps would allow the reduction in cooling water flow during periods of peak
entrainment The pumps would be adjusted to decrease the flow by 25% over a four-month period in
the spring. A corresponding 25% decrease in entrainment is expected during those four months.
Since alewives are generally found in entrainment samples from May through July, the 25% reduction
in flow will only occur during 2/3 of their spawning season. During the remaining 1/3 of their spawning
season no reduction is expected. Therefore, the conditional mortality of alewives as a result of
entrainment is expected to be reduced by 16% (2/3 of 25%) to 0.000042%.
62.6.11

Cooling Water Bypass

(

Thermal Impact
A cooling water bypass system will not have any effect on the thermal discharge characteristics.
Potential impacts as a result of the thermal plume will not change from the potential impacts identified
for the existing station operations. Therefore, alewife mortality as a result of the thermal'discharge
remains zero.
Imninoement Imoact
The cooling water bypass system will not have any effect on the impingement rate of alewives.
Potential Impacts a result of impingement will not change from the potential impacts identified for the
existing station operations. Therefore, the conditional mortality of alewives as a result of impingement

remains at less than 0.02%.
Entrainment Impact
The cooling water bypass system would reduce the cooling water flow rate through station condensers
and add a corresponding amount of bypass flow into the discharge canal. The reduction in flow rate
through the condensers could result in reduced entrainment losses. This assumes that the highest
percentage of mortality due to entrainment occur during passage through the condensers. Diversion of
25% of the normal cooling water flow over a four month period is evaluated. Assuming a 75% survival
rate of the alewife early life stages in the bypass flow, a corresponding 20% (25% of 75) decrease in
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entrainment would result However, alewives are generally found in entrainment samples from May
through July, and the 20% reduction in entrainment will only occur during 2/3 of their spawning season.
During the remaining 1/3 of their spawning season no reduction in entrainment is expected. Therefore,
the conditional mortality of alewives as a result of entrainment is expected to be reduced by 13% (213
of 20%) to 0.00004%. This assessment conservatively assumes no mortality losses in the bypass
flow.

62.6.12

Mitigation

The existing cooling system has an insignificant impact on the alewife population as described in
Section 5.3.6.4. Therefore, no mitigation strategies for the alewife are planned. In addition, mitigation
strategies will not alter the thermal discharge characteristics or the potential Impacts of entrainment or
impingement from those described for the existing station operations. As a result, conditional mortality
remains at approximately 0.02% for the cumulative impacts assessed for the alewife as described in
Section 5.3.6.4 of this report.
62.6.13

Evaluation of Other Criteria (Anthropogenic, Migratory, Other
Aquatic Effects)

The alewife is an anadromous species common in the area of PNPS. They migrate to spawn in rivers
and streams in the area. Fertilized eggs adhere to the stream bottoms until they harden and become
pelagic. Young-of-the-year alewives reach a size of 2 to 4 inches by the fall, when they move from the
breeding grounds to the open ocean (Belding, 1921). Although alewives are one of the most commonly
impinged species at Pilgrim Station, entrainment is rare due to the migratory nature of the alewife.
Due to the mitigation technologies implemented for the rainbow smelt, the alewife will benefit from the
efforts made to enhance the water quality of the rivers used by such anadromous fish as the alewife
and rainbow smelt. Back in the late 1980's and early 1990's, structural alterations and storm water
run-off appeared to be common threats to anadromous fish runs throughout the northeast. To reverse
this trend. and to offset the large impingement incidents at PNPS, a habitat enhancement and
restoration project was initiated for the rainbow smelt, which can be indirectly associated with the
alewife.
In addition to the stocking of rainbow smelt eggs in the Jones River, the habitat has been enhanced
and restored. Habitat mitigation measures Included clearing the migratory pathway of the anadromous
fish (i.e., rainbow smelt and alewife) via removal of downed trees and other obstructions leading up to
the spawning grounds (Lawton eta). 1999; DMF, 1999).
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62.6.14

Alewife Alternative Technology Assessment

A comparison of the alternative technologies on the conditional mortality of alewives as the result of the
thermal discharge, impingement and entrainment is presented in Table 62-6. Implementation of the
majority of alternative technologies Is not expected to have an effect on the thermal discharge
characteristics. In many cases, potential impacts as a result of the thermal plume will not change from
the potential impacts identified for the existing station operations. Therefore, alewife mortality as a
result of the thermal effects remains zero.
The alternative technologies presented above typically impact the impingement and entrainment of
alewives. The impact is commonly expressed as a decrease in the conditional mortality. Conditional
mortality as a result of impingement decreases or remains the same as existing conditions (0.02%h)
with the implementation of all technologies. With the implementation of alternative technologies,
conditional mortality as a result of impingement ranges from 0 (wedgewire screens and gunderbooms)
to 0.02% (behavior barriers, fine mesh screens, cooling water bypass).
Alewife entrainment either remains the same as existing conditions (0.00005%/B) or is reduced as a
result of implementation of the above mentioned alternative technologies. Conditional mortality as a
result of entrainment ranges from 0.0000015% (dry cooling tower) to 0.00005% (behavior barrier,
louvers).
627

Atlantic silverside (Menidia menidia)
62.7.1

Behavioral Barriers

Thermal Impact
Behavioral barriers will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts identified for the existing
station operations. Therefore, alewife mortality as a result of the thermal discharge remains zero.
ImDinaement Impact
Potential impingement impacts will not change from the potential impacts identified for the existing
station operations. Therefore, the conditional mortality of silversides, due to impingement, remains
insignificant at less than 0.005%.
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Entrainment Imoact
Potential entrainment impacts from behavioral barriers will not differ from the potential impacts
identified for the existing station operations. Therefore, the conditional mortality of silversides, due to
entrainment, remains at less than 0.01%.
Diversion Devices - Louvers
Thermal Imoact
Diversion devices will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts identified for the existing
station operations. Therefore, silverside mortality, as a result of the thermal discharge remains zero.

Impingement Impact
The effects of diversion devices on the impingement of silversides are uncertain. Diversion devices
could cause an increase in mortality due to the increased concentration of fish at the entrance to the
intake embayment. However, a 25% reduction in the conditional mortality of silversides is
conservatively assumed. Therefore, the conditional mortality of silversides, as a result of diversion
devices, is expected to be reduced to less than 0.004%
Entrainment Impact
Potential entrainment impacts from diversion devices will not differ from the potential impacts identified
for the existing station operations. Therefore, the conditional mortality of silversides, due to
entrainment remains at less than 0.01%.
62.72

Alternative Intake System - Offshore Intake

Thermal 1mpact
Offshore Intakes will not have any effect on the thermal discharge characteristics. Potential impacts as
a result of the thermal plume will not change from the potential impacts identified for the existing station
operations. Therefore, silverside mortality-as a result of the thermal discharge remains zero.
Impingement Impact
Since silversides are near shore/pelagic species, the development of an offshore intake system may
lessen the effect on the local silverside population. The effect of an offshore intake system on the
impingement of silverside is assumed to reduce the conditional mortality by SO%. Therefore, the
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conditional mortality of silversides, as a result of an offshore intake structure, Is expected to decrease
to 0.0025%.

Entrainment Impact
Silversides are near shore/pelagic species that spawn in shallow water. The development of an
offshore intake system is conservatively assumed to reduce the conditional mortality of silversides by
25%. Therefore, the conditional mortality of silversides due to entrainment is reduced to 0.0075%.
62±7.3

Alternative Intake System - Wedgewire Screens

Thermal Impact
Wedgewire screens will not have any. effect on the thermal discharge characteristics. Potential
impacts as a result of the thermal plume will not change from the potential impacts identified for the
existing station operations. Therefore, silverside mortality as a result of the thermal discharge remains
zero.
Impingement ImDact
Wedgewire screens have been demonstrated to essentially eliminate impingement Potential
impingement impacts as a result of the wedgewire screens will be reduced from the potential Impacts
identified for the existing stations operations. Therefore, silverside mortality as a result of impingement
is not expected.
Entrainment Impact
Wedgewire screens are expected to have no effect on the entrainment of eggs but could potentially
decrease the entrainment of larvae. The small slot size is expected to reduce entrainment of larger
larvae (greater than 8 mm). The size of silverside larvae ranges from 3.8 mm (at hatching) to 15 mm.
The effect of wedgewire screens on the entrainment of silversides is assumed to reduce the
conditional mortality by 50%. Therefore, the conditional mortality of- silversides as a result of
entrainment is expected to decrease to 0.005%.
--62.7A

Alternative Intake Screening System - Fine Mesh Screens

Thermal Impact
Fine mesh screens will not have any effect on the thermal discharge characteristics. Potential impacts
as a result of the thermal plume will not change from the potential impacts identified for the existing
station operations. Therefore, silverside mortality as a result of the thermal discharge remains zero.
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Imringement Imoact
Potential impingement impacts from fine mesh screens will not differ from the potential impacts
identified for the existing station operations. Therefore, the conditional mortality of silversides, due to
impingement, remains insignificant at less than 0.005%.
Entrainment Imoact
Although the fine mesh (< 1 mm) will prevent entrainment of fish eggs and larvae, survivability is a
major concern. The effect of fine mesh screens on the entrainment of silversides is conservatively
assumed to reduce the conditional mortality by 10%. Therefore the conditional mortality of silversides
as a result of entrainment is expected to decrease to 0.009%.
62.7.5

Alternative Intake Screening System - Gunderboom

Thermal Imoact
Gunderbooms will not have any effect on the thermal discharge characteristics. Potential impacts as a
result of the thermal plume will not change from the potential impacts identified for the existing station
operations. Therefore, silverside mortality as a result of the thermal discharge remains zero.
Impingement Impact
Gunderbooms have proven to be effective in substantially reducing fish impingement Potential
impingement impacts as a result of the gunderbooms will be reduced from the potential impacts
identified for the existing stations operations. Therefore, silverside mortality as a result of impingement
is not expected.
Entrainment Imoact
Gunderbooms have proven to be effective in substantially reducing larval entrainment The use of a
standard design material should eliminate entrainment. However, in order to obtain the desired flow
rate for the cooling system, a coarser than standard mesh is required. The coarse mesh is
conservatively assumed to reduce the conditional mortality by 50%. Therefore, the conditional
mortality of silversides as a result of entrainment is expected to decrease to 0.005%.
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6.27.6

Closed Cycle-System - Mechanical Draft Cooling Tower.

Thermal lmpact.
The use of a mechanical draft cooling tower would reduce the cooling water discharge to the bay from
321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the mechanical draft cooling tower,
corresponds to a 94% reduction in the thermal effects identified for existing conditions. Therefore,
silverside mortality as a result of the thermal discharge remains zero.
Imningement Impact
The use of the mechanical draft cooling tower would reduce the cooling water withdrawal from the bay
from 321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the mechanical draft cooling
tower, corresponds to a 94% reduction in the conditional mortality expected from impingement.
Therefore, the conditional mortality of silversides as a result of impingement is expected to decrease to
0.0003%.
Entrainment Imract
The use of the mechanical draft cooling tower would reduce the cooling water withdrawal from the bay
from 321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the mechanical draft cooling
tower, corresponds to a 94% reduction in the conditional mortality expected from entrainment
Therefore, the conditional mortality of silversides as a result of entrainment is expected to decrease to
0.0006%.
62.7.7

Closed Cycle System - Natural Draft Cooling Tower

Thermal Impact
The use of a natural draft cooling tower would reduce the cooling water discharge to the bay from
321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the natural draft cooling tower,
corresponds to a 94% reduction in the thermal effects identified for existing conditions. Therefore,
silverside mortality as a result of the thermal discharge remains zero.
Imoingement Impact
The use of a natural draft cooling tower would reduce the cooling water withdrawal from the bay from
321,000 to 19,000 gpm. The 94% reduction in flow, as a result of the natural draft cooling tower,
corresponds to a 94% reduction in the conditional mortality expected from impingement. Therefore,
the conditional mortality of silversides as a result of impingement is expected to decrease to 0.0003%.
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Entrainment Imnact
The use of a natural draft cooling tower would reduce the cooling water withdrawal from the bay from
321,000 to 19,000 gpm. The 94% reduction in flowi as a result of the natural draft cooling tower,
corresponds to a 94% reduction Inthe conditional mortality expected from entrainment. Therefore, the
conditional mortality of silversides as a result of entrainment isexpected to decrease to 0.0006%.
62.7.8

Closed Cycle System -Dry Cooling Tower

Thermal ImDact
The use of a dry cooling tower would eliminate the thermal discharge to the bay. Silverside mortality as
a result of the thermal discharge would remain zero.
Imningement Impact
The use of the dry cooling tower would reduce the cooling water withdrawal from the bay from 321,000
to 10,000 gpm. The 97% reduction in flow, as a result of the dry cooling tower, corresponds to a 97%/6
reduction Inthe conditional mortality expected from impingement. Therefore, the conditional mortality
of silversides as a result of impingement is expected to decrease to 0.00015%.
Entrainment Impact
The use of the dry cooling tower would reduce the cooling water withdrawal from the bay from 321,000
to 10,000 gpm. The 97% reduction in flow, as a result of the dry cooling tower, corresponds to a 97%/O
reduction in the conditional mortality expected from entrainment. Therefore, the conditional mortality of
silversides as a result of entrainment is expected to decrease to 0.0003%.
6.2.7.9

Variable Speed Pumps

Thermal Impact
Variable speed pumps will not have any effect on the thermal discharge characteristics. Potential
impacts as a result of the thermal plume will not change from the potential impacts identified for the
existing station operations. Therefore, silverside mortality as a result of the thermal discharge remains
zero.
Imninpement Impact
Variable speed pumps would allow the reduction in cooling water flow during periods of peak
impingement. The pumps would be adjusted to decrease the flow by 25% over a four-month period in
JAPU bsVnW97%Pr=
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the spring. A corresponding 25% decrease in impingement is expected during those four months.
Since silversides have been found in impingement samples in Marchl/April and November/December
over a ten year period (1989-1998), the 25% reduction in flow will only occur during 1/2 of the period of
impingement During the remaining half of the impingement period no reduction is expected.
Therefore, the conditional mortality of silversides as a result of Impingement Is expected to be reduced
by 12% (1/2 of 25%) to 0.004%.
Entrainment Imoact
Variable speed pumps would allow the reduction in cooling water flow during periods of peak
entrainment The pumps would be adjusted to decrease the flow by 25% over a four-month period in
the spring. A corresponding 25% decrease in entrainment is expected during those four months.
Since silversides are generally found in entrainment samples from May through September, the 25%
reduction in flow will only occur during 2/5 of their spawning season. During the remaining 3/5 of their
spawning season no reduction is expected. Therefore, the conditional mortality of silversides as a
result of entrainment is expected to be reduced by 10% (2/5 of 25%) to 0.009%/6.
62.7.10

Cooling Water Bypass

Thermal ImPact
A cooling water bypass system will not have any effect on the thermal discharge characteristics.
Potential impacts as a result of the thermal plume will not change from the potential impacts identified
for the existing station operations. Therefore, silverside mortality as a result of the thermal discharge
remains zero.
Imoinciement Impact
The cooling water bypass system will not have'any effect on the impingement rate of silversides.
Potential impacts a result of impingement will not change from the potential impacts identified for the
existing station operations. Therefore, the conditional mortality of silversides as a result of
impingement remains at 0.005%.
Entrainment Impact
The cooling water bypass system would reduce the cooling water flow rate through station condensers
and add a corresponding amount of bypass flow into the discharge canal. The reduction in flow rate
through the condensers could result in reduced entrainment tosses. This assumes that the highest
percentage of mortality due to entrainment occur during passage through the condensers. Diversion of
25% of the normal cooling water flow over a four month period is evaluated. Assuming a 75% survival
rate of silverside eggs and larvae, a corresponding 20% (25% of 75) decrease in entrainment would
JAPub*nwg-APmjects=70021%,,.doe
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result. However, silversides are generally found in entrainment samples from May through September,
and the 20% reduction in entrainment will only occur during 2/5 of their spawning season. During the
remaining 36' of their spawning season no reduction in entrainment is expected. Therefore, the
conditional mortality of silversides as a result of entrainment is expected to be reduced by 8% (2/5 of
20%) to 0.009%/a. This assessment conservatively assumes no mortality losses in the bypass flow.
62.7.11

Mitigation

The existing cooling system has an insignificant impact on the Atlantic silverside population as
described in Section 5.3.7A. Therefore, no mitigation strategies for the ailversides are planned. In
addition, mitigation strategies will not alter the thermal discharge characteristics or the potential
impacts of entrainment or impingement from those described for the existing station operations. As a
result, conditional mortality remains less than 0.015% for the cumulative impacts assessed for the
silversides as described in Section 5.3.7A of this report.
62.7.12

Evaluation of Other Criteria (Anthropogenic, Migratory, Other
Aquatic Effects)

No anthropogenic, migratory or other aquatic effects are identified for the silverside.
62.7.13

Atlantic Silverside Altemative Technology Assessment

A comparison of the alternative technologies on the conditional mortality of silversides as the result of
the thermal discharge, impingement and entrainment is presented in Table 62-7. Implementation of
the majority of alternative technologies is not expected to have an effect on the thermal discharge
characteristics. In many cases, potential impacts as a result of the thermal plume will not change from
the potential impacts identified for the existing station operations. Therefore, silverside mortality as a
result of the thermal effects of implementation of alternative technologies remains zero, the same as
for existing conditions.
The alternative technologies presented in Section 62.7 typically impact the Impingement and
entrainment of silversides. The impact is commonly expressed as a decrease in the conditional
mortality. Conditional mortality as a result of impingement decreases or remains the same (0.005%)
with the implementation of all technologies. With the implementation of alternative technologies,
-conditional mortality as a result of impingement ranges from 0 (wedgewire screens and gunderbooms)
to 0.005% (behavior barriers, fine mesh screens).
Silverside entrainment either remains the same as existing conditions (0.01%) or is reduced as a result
of implementation of the above mentioned alternative technologies. Conditional mortality as a result
of entrainment ranges from 0.0003% (dry cooling tower) to 0.01% (behavior barrier, louvers).
Maz 2000
JAPU)sUnw974k*==70021%2.doc

-81
168

Mash, 2000

ENR
Table 6.1-1 Summary of the Technology Evaluation (Engineerlng Factors)
Technical Feasibility/Rellabllty
Control Alternative

Potential for
Other Adverse
Effects

Safety Concems

Max. Intake Max.
Operating
Capital
Cost' ($) and Malnten- Velocity(ft/ Intake
Flow
sec)
ance Cost2
Rate

(MGD)

Fraction
of Bay
Flushing
Rate

Max Thermal Max.
Delta
Discharge
Rate (BTU/hr) Temp. 20'
from

Outfalle

Passed

Thruo
Plant

4

1 fps

448

0.05

4.6XW

30

997,000

1 fps

448

0.05

4.Fx'10

30

14.1M

541,000

1 fps

448

0.05

4.6x10"

30

236M

1.52M

0.5

448

0.05

4.6xt0

30

1 4M

1.46M

0.5

448

0.05

4.6xtOw

30

142M

700,000

0.5

448

0.05

4.6x10i

30

Existing Conditions

No Issues

No Issues

None

Behavioral Barriers
Strobe Lights

No issues.

No Issues.

None.

1.e5M

Diversion Devices
Louver
(located at embayment
entrance)
Alternative Intake structure
Offshore Submerged Intake
with Velocity Cap

Potential clogging of
Louver spacing.

Navigation
problems.

Offshore rocky
outcrops could
complicate
pipeline
construction.

Navigation
problems.
Disruption of
the benthlc
environment

Potential
clogging
would limit
Intake flow
Potential
clogging
would limit
Intake flow

Potential
dogging
would limit
Intake flow,
Existing system

Difficulty cleaning tunnel,
requires divers and heavy
._
Wedgewire Screens, 1 mm slot
size, array design, with plenum,
located outside Intake
embayment, and backup
existing Intake structure

equlrment

Limited number
of applications
to large scale
once-through
power stations,

Navigation
problems.
Disruption of
the benthlc
environment

Difficulty cleaning screens,
requires divers, sedimentation

acts

As backup
system

and debris may cover

WIth backup existing system, no None likely.
Fine Mesh Screens
known technical or reliability
(new addition at front of
constraints
structure with more screens,
bar screens, debris handling,
Includes existing system as
backup In case of clogging) _-
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Potential
clogging
would limit
Intake flow
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C
Technical Feasiblilty/Rellability
Control Alternative

Gunderboorn
1500 ft wide barrier within
intake embayrnent with
backup fixed screen and wave
barrier

Mechanical draft cooling tower

Natural draft cooling tower

.
Dry cooing tower (Air cooled
condenser)
.

Variable speed purp
(25% flow reduction)

Potential for
Other Adverse
Effects

Numerous technical and
Navigation,
Engineering problems, such as problems.
obtaining
adequate surface area for
cooling water flow rate, and
anchoring of
system to wifstand stonn
conditions.
No water
Potential for
Source exists
fogging, Icing,
for a freshwater
noise, and sait
tower.
dri-t prob es.
No water
Potential for
source exists
fogging, Icing,
for a freshwater
noise, salt drliA
tower.
and aesthetic
.
E
.
.irnpact.
.
No expected
Potential for
technical
adverse noise
feasibility or
impact
reliablity
constrainls.

Requires
potentially
complex
Implementation
strategy.

Safety Concerns

C,

ENM

Capital
Operating
Max Intake Max
Cost (S) and Mainten- Veloclty?(ft/ Intake
ance Cost 2
sec)
Flow
Rate
(MOD)

Fracion
of Bay
Flushing
Rate
Passed

Max Thermal Max
Discharge
Delta
Rate (BTUIhr) Temp. 20Y
from
Outfall

Potential for
anchoring
system failure
during storms
and dogging of
cooling water
system.

28.8M

2.21 M

0.5

448

0.05

4.6x10"

30

None likely.

279M

143M

0.25

19.8

0.002

4.6>10"

N/A

None likely.

384M

131M

0.25

19.8

0.002

4.6x10

N/A

None likely.

371M

170M

Zero

Zero

Zero

Zero

Zero

None likely.

16.iM

72M

0.7

336

0.0375

Thru
Plant4

F

,..

_

None likely.

.6x-

40

-
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Control Alternative

Technical FeasibIlIty/Rellabiflty

Potential for

Other Adverse

Safety Concerns Capital

Cost'($

Effects

Cooling Water Flow Bypass
Bypass 25% flow for 4 months

Requires

None likely.

27.9M

Requires

changes to

changes to

safety-related
system (Intake
structure). NRC
approval
necessary.

safety-related
system (intake
structure). NRC
approval
necessary.

Max Thermal

Max

Operating

Max Intake Max

Fraction

ance Cost

sec)

Flow
iRate

(MGD)

Flushing
Rate
Passed

448

0.05

4.6xto9

30

1

Zero
(during
outage)
448

Zero
(during
outage)
0.05

Zero
(during
outagie)
4.6x10

Zero
(during
outage
30

1

448

0.05

VebocWty(fV
and Mainten2

77.OM

1

Intake

of Bay

Discharge

Delta

Rate (BTU/hr) Temp. 20'
from

Outfall5
F

Thru
Plant 4

Requires
potentially
complex
implementation
strategy.
Voluntary Mitigation Measures

PNPS Scheduled Refueling

No issues.

None

None

No Issues.
:
Pilot program to be tested.

None

None

None

None

-

Outage
Stock Smelt and Restore
Habitat
Winter Flounder Stocking

1000
4.h'

30

Notes:
1. The estimated financed capital cost to purchase and Install new equipment or retrofit existing equipment (in current dollars) based on a 30 year period at a discount rate of 9%
Includes lost generation during construction activity.
2. The present value of the additional annual operating and maintenance costs, Incremental to the existing cooling water system, based on a 30 year period at a discount rate of 9%.
Include lost generation due to decreased thermal efficiency.
3. Intake velocity Is the flow rate divided by the Intake screen surface area.
4. The percentage of cooling water flow rate compared to the flushing rate of Cape Cod Bay.
5. The difference between the Intake temperature and the dishge plume temperature at a distance of 20 feet from the outfall pipm
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Table 6.2-1 Evaluation of Alternative Technologies In Irish Moss (Chondrus crispus)
Irish Moss

Control Alternative .

.

Thermal

impingement

.m
Conditi
Conal :
Conditional
Mraty.2 Morttatyiory
tMrtainalto
Mootlit 2
2 (%'

|_

__

__

_

_ _

_

CcrISPUS)

Total

Other aquatic

Ilshf.
Moss (Crodusyrsus
Conditional

moPlanyduat

_ __ra _

Migratory
Non-pant
Related
conditional
Mortality (e~g., fishingj) 2A %)(Ut Effects

effects (positive
and negative)

(%Mortality)

|

Existing Conditions

2%

0

0

2Y%

Significantly reduced*

0

0

StrobehLigho

2%

0

0.

2%

SIgnificantly reduced*

0

0

2%

0

0

2%o

Significantly reduced'

0

may
provide
additional

Significantly reduced*

0

O

Significantly reduced*

0

Bari
s

Diversion'Devices?
Louver
.__

,_

Alternative Intake Structure
Offshore Submerged Intake with

Velocity Cap

1.8%

0

2%

0

0

1.8%

;_-__

Wedgewire Screens
t mm slot size._
Fine Mesh Screens

Variable Speed Pump

flow reduction

0
_

1500 ft widebbarer
Mechanical Dtaft Coolini Tower
Natural Oraft Cooling Tower
_
Dry Cooling Tower
,Air cooled condenser
85%

_,_,substrate

:,_,.,2%

2%
0
;underboor% 0
_

_

__

0.2%/6
02%Y

0
0

0

0

2

_

_

2%
_

_

-

0

_

_

0
0

2%

0
0

0.2%

Significantly reduced*
SIgnificantlyfeduced'

2Y

____

0.2%

_

_

0
0
_

Significantly reduced,
Slgnificantly reduced'
Significantly reduced*

_

_

_

_

_

0
0
__

_

_

__

_

__

_

_

0O

0

0
0
O

%Sg~iatyrdcd
_0

0

._0

2X

.

Slgnlflcantlyreduced*^_

O

0
0
0
2%
Significantly reduced'
2Y
0
Cooling Water Flow Bypass
,Bypass 25%ffow or 4 months
2
0
0
2
I
0
0
.
2%
SIgnificantly reduced'
,2%
Mitigation StratqgeP.
'Since the 1990's fishing effort an Chondnis has been virtually non-existent In the Pilgrim area.
1. Estimate not only chronic and acute effects but also population declines due to avoidance and habitat loss.
2. Conditional mortality is the estimated mortalities due to a particular condition as a percentage of absolute abundance, converted to equivalent adults. For conditional
mortalities, a range that estimate approxitnately the p=.01 level of confidence may be presented along with best value estimates.
3. Includes but not limted to the sum of other conditlonal moodalities, salinity effects and synergistic effects.
4. This need not be estimated for species If the afithropogenic non-plant related Impacts are Insignificant or If the comparison of this Impact to plant-related conditional
mortalities Is irrelevant to assessing Impacts on a species population.
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Table 6.2-2 Evaluation of Alternative Technologies on American Lobsters (Homarus amerloanus)
__
__

___

AfeaieThermal
Control AltConionl

Co1,2oa

MorNality

0

Existing Conditions
Behavioral Barriers
Strobe Lights

(%

__ ___

__

EntraInment
Condtonal

(%)

0.201%
0.201%

0.2%
0.2%

0.001%
0.001%

___

___

arus anro n s

Anthropogenicerauai
Total Conditional Non-plant Related
Migratory Effects
tial
ondi
Motal d
(Ust)
deeo
Mortality, ond 2 .,na
fishing) (%)
(%)

Impingement
Conditional
Mortality 2in
(%)

|

l

Cordtaioty

American L btr(Hom

__

__

___

__0

__

__201

Otheaqti
effects (positive

and negative)
(% Mortality)

844.998 bs'_
844.998 ibs

0
0

0
0

_

Diversion Devices
Louver

0

0.001%

0.15%

0.151%

844,998 lbs

0

0

Alternative Intake Structure
Offshore Submerged Intake with

0

0.001%

0.25%

0.251%

844,998 ibs

0

0

Wedgewire Screens

0

0.00005%

0

0.00005%6

844,998 bse

0

0

Fine Mesh Screens
G3underboom
10tde barrier

0
0

0.00009%
0.00005%

0.2%
0

0.20009%
.00005%

844,998 lbs
844,998 ibs

0

0

0

0

Mechanical Draft Cooling Tower
Natural Draft Cooling Tower
Dry Cooling Tower
Air cooled condenser
Variable Sedump

0
0
0
0
0

0.00006%
0.00006%
0-000003%

0.01%
0.01%
0.005%

0.01008%
0.01006%
0.005003%

844,998 Ibs
844.998 ibs
844,998 the

0
0
0

0
0

0.180092%

844,998 Ibs

0

0

0

0

Velocity Cap

1mm slot size

25% flow reduction__

_

CoigWtrFoByas0

Bypass 25% flow for 4 months

0.000092%

I

_

_

_

0.0001%

.0001%
0,20%8499_____

0.18%
_

__

0.

_

_

_

0.2%,

_

_

__

2

%

.2001%

_

_

_

_

844,998 Ibs'

|

_

0
0
844,9981 bse
02001%
0.2%
0.0001%
0
Mitigation Strategies
*1997 commercial lobster landings for Plymouth, Massachusetts collected within territorial waters (excluding seasonal license holders)
1. Estimate not only chronic and acute effects but also population declines due to avoidance and habitat loss.
2. Conditional mortality Is the estimated mortalities due to a particular condition as a percentage of absolute abundance, converted to equivalent adults. For conditional
mortalities, a range that estimate approximately the p=.01 level of confidence may be presented along with best value estimates.
3. Includes but not limited to the sum of other conditional mortalities, salinity effects and synergistic effects.
4. This need not be estimated for species If the anthropogenic non-plant related impacts are Insignificant or if the comparison of this Impact to plant-related conditional
mortalities Is Irrelevant to assessing Impacts on a species population.
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Table 6.2-3 Evaluatlon of Alternative Technologies on Wlnter Flounder (Pseudopleuronectesamericanus)
Winter Flounder P"seudopleurmnectes americanus)
Therml Entainmet
lI1lerfeflt
otal onditonal
AnthropogenicOhr
Entralnment
Total
Conditional
Related
Migratory
Conditional
Mooaltddu
to Non-plant
coonioallffct

___________

Control Alternative

Thermal
Conditional
2
(%)

-hMortality

Existing Conditions
Behavioral Barriers

Strobe UcL

(%)

Mortalt

0
0°

MortalIty2

Plan23 (%)

Mon)2A(%3

(Ust)

(% Mortality)

0.2%
0.2%

<52%
<5.2%

overlished
overfished

0
0

0
0

<5.14%

overfished

0

0

<525%

overfished

0

0

<3.75%

overtished

':5%
5%

____0_2_

_

Diversion Devices
Louver

0r

<5%

0.14%

Alternative Intake Structure
Offshore Submerged Intake with

0

<'5%

0.25%

VeloQlty

Cap-

_

Wedgewire Screens
l nMM slot size',_
Fine Mesh Screens
Gunderboorn
150 0ft wide barrier

0

Mechanical Draft Cooling Tower
Natural Draft Cooling Tower
Air coolet condenser
VairacbledSp ne
Pu_
ner
Variable Speed Pump

0
0
0
0

Cooling Water Flow Bypass,
Byas
5 flow for 4 Months

Mitigation Strategies

d.7S%

0
0

_

:4.5%
<2.5%

____

__

c
_

__

_

___

__

__5__

___o__

<0.3%
0.3%
<0.2%
<4%

__p__

__

_

__

_

_

___

__

_

__

__

__

_

_

0
_

<2.5%

overfished
overshed

0
0

<.31%
<.31%
<.205%
<4.18%

overflshed
oveffished
overtished
overfished

0.
0
0
0

_

_

0
0

_

___

c3.95%
__

_

__h___

0.2Y
_

__

<4.7%

___

0,0I%
0.01%
0.005%
0.18%

0

__

0.2%
0

3.75%
__

_-_--

0
_

__

qai

Other (aquatic
eadfegatsive)

_

overfished
_95%_

0
__

___

0
0
0
0
0
_

__

_

_

_

0

02%
5.2%
o5%
overlished
0
ensantocekt
1. Estimate not only chronic and acute effects but also population declines due to avoidance and habitat loss.
2. Conditional mortality isthe estimated mortalities due to aparticular condition as apercentage of absolute abundance, cofverted to equivalent adults. For conditional
mortalIties, a range that estimate approximately the p=.01 level of confidence may be presented along with best value estimates.

3. Includes but not limited to the sum of other conditional mortalities, salinity effects ahd synergistic effects.
4. This need not be estimated for specIes it the anthropo"
non-plant related Impacts are Insignificant or If the comparison of this Impact to plant-related conditional

mortalities Is Irrelevant to assessing Impacts on a speess po fW-ft_

March. 2000
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Table 6.2-4 Evaluation of Altemative Technologies on Rainbow Smelt (Osmerus mordax)
.-

.

Control Anteraatnt
CnrlAtnaieConditlonal
Mortality (%)
Existing CondItions
Behav

_

__

_

___o_

Stbe Lhts0

0.001 3%

__

__

_

_

BnlrsJones
Behvira

Diversion Devices
Louver

0

Alternative Intake Structure
Offshore Submerged Intake

wIth

Cond

Conditional
Mortality' (%)

0
__

_

Smelt(

Ral

Impingement

0

m(%

0.501 - 5.X

2.5%

0.5

Jones RIer partially
_

__

_

__Borders_

__

mord_

Ttl~to
nhooei
fet
EtRelated
Reonal
Mlgratoytheraquatic
effecis
MirtyEfes
psieanngtv)
Mortal due to
conditional
Pla (O)
Mo tty s.g.,
(Ust)'
(%Mortalty)
_

__

0.00001 -3%

0.5-2.5%

0.65001 - 5.5%

0

0.00001 -3%

0.38- 1.9%

0.38001 -4.9%

0

0.00W01 -3%

0.38-1.9%

Velocity cap

0.38001

-

°

4.9%

__

_obstructed

of pawninghabitat.
River partially pollution and degradation
obs
of spawning habtat

Jones Riv partially
Obstructed

Jo

pollution and degradation

Pollution and degradation
of spawning habitat

bs
R tepadally

pobuton and degradbaton
ofspaw__nghab__a

__________

0.000008- 2.25%

Wedgewire Screens
0

Fine Mesh Screens
._
underboom.

-O.00

0.000008

2.25%

- 2.7%

0.5-2.5%

__ .___

0Jones

0
00000-5%00.000005

Is0oft wlde barrier

Mechanical Draft Cooling Tower

0.500009-5.2%

-1.5%

poution and degradatin

Jones River p

-

obstructed

of spawning habitat

0-

Jones River partially

pollution and degradation

0

obstruced
. River--partially
obstructed

_ spawning
habitat
pollution
and degradation
of spawnina habitat

0

0.0000008-1.8%

0.02- .1%

0.0- 1.9%

0

Jones River partially

pollution and degradation

0

0.000000o-1.8%

0.02-0.1%

0.02-1.9%

0

Jones River partially

pollution and degradation

-M 300
0.0000003 - 0.9%

0.015 - 0.075%

01503
0.0150003 -

0

Jones River partially
btutdof

pollution and degradation

0
0.000008-2.325%
fowreucio

0.475-2.375%

0.475008-4.7%

0

Jones River partially

0.5-2.%

0500008 -

ofspawring habitat

_obstructed.

Natural Draft Cooling Tower

Dry' Cooling Tower
Air ooled condenser

Variable peed Pump0.165%

25Vaflow reductmpn

25

______________________of

Cooling
Flow
Bypass Water
25%rflw
forBypass
4 months

0

Mitigatiou Strategies

0

.__

FISg~l
fl

w~IlIvIII
JJIV7vn

.

WIU

.

W.VUIT7 CIIU'.jlO UUI b1Iau
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7.0 SUMMARY AND CONCLUSION
This update of the 316 Demonstration for Pilgrim Nuclear Power Station Includes: (i) a characterization
of Cape Cod Bay, the source and receiving water body pertaining to PNPS' thermal discharges and
the CWIS (Section 4); (ii) an Impact assessment for the existing thermal discharges and CWIS,
Incorporating and analyzing several decades of monitoring data {Section 5); and (iii) an evaluation of
alternative CWIS technologies and voluntary mitigation measures (Section 6).
Evaluation of Impacts of Existing PNPS Cooling System
The Impact assessment was developed using data collected from several decades of monitoring
studies. Based on this data, Representative Important Species (RIS) were selected from the RIS list
from the previous 316 Demonstration. The Impact assessment consists of an evaluation of the overall
thermal impacts and intake effects due to Impingement and entrainment on RIS. An evaluation of the
Intake Impacts on Essential Fish Habitat (EFH) species was also performed. RIS are assumed to be
representative of EFH species in the detailed assessment Therefore, the assessment of Impacts to
the RIS represents PNPS' Impacts to the overall aquatic ecosystem of Cape Cod Bay. This
Demonstration evaluates three types of potential Impacts:
*

Thermal Effects: During low tide conditions, the thermal plume Is well-mixed from surface to
bottom and covers a limited area (approximately one acre). During high tide conditions, the
thermal plume is larger but is primarily confined to the surface layer, leaving a significant
portion of the water column unaffected. Although a potential exists for fish displacement
from a relatively small area, there has been no observed mortality of fish within the past 20
years and no evidence of adverse effects on fish populations from the thermal plume.
Further, the discharge plume region does not provide any unique habitat, and adequate
habitat area exdsts for fish displaced by the plume.

*

Impingement Effects: Impingement at PNPS has been monitored since the beginning of
Station operations. Historical data indicate that Atiantic silversides, rainbow smelt, and
alewife are the species most likely to be affected by impingement These species are
Included on the RIS list and are quantitatively evaluated Inthe impact assessment.

*

Entrainment Effects: Entrainment at PNPS has been monitored since the beginning of
Station operation. Historical data Indicate that winter flounder and cunner are the species
most likely to be affected by entrainment These species are included on the RIS list and
are quantitatively evaluated in the Impact assessment.

The cumulative Impacts on RIS of thermal discharges,' impingement and entrainment were evaluated
by estimating conditional mortality rates (CMR). Because of the difficulty in obtaining population data,
and the assumptions inherent in the Impact assessment methods (e.g., compensation mechanisms
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remain unaccounted for), the cumulative impacts are estimated conservatively. The conclusions from
this assessment for each RIS are as follows:
*

Irish moss (Chondrus crispus). Minimal mortality of Irish moss biomass has been 6bserved
or is expected as a result of impingement or entrainment Thermal discharges affect a
small, localized area (approximately one acre), representing approximately 2 percent, an
insignificant portion, of the local Irish' moss habitat area.

*

American Lobster (Hon7arus amercanus). No adverse'impact on the integrity of the lobster
population of Cape Cod Bay is expected as a result of PNPS operations or the CWIS.
Specifically, zero conditional mortality is expected from the thermal discharge, as lobster will
avoid the thermal plume during peak temperature periods. Impingement and entrainment
conditional mortality combined is much less than one percent

*

Winter Flounder (Pseudopleuronectes armericanus). Since winter flounder avoid the
thermal plume during peak temperature conditions, no conditional mortality of winter
flounder has been observed or is expected to occur due to the thermal discharge.
Impinged juveniles.and adult winter flounder represent approximately 02 percept of the
local population. Entrainment is'estimated to result in a conditional mortality of less than 5
percent. Based on this assessment, it- is concluded that there have been no adverse
impacts to the integrity of the winter flounder population due to the PNPS thermal discharge
or CWIS.

*

Rainbow smelt (Osmerus mordax). Rainbow smelt avoid the thermal plume during peak
temperature conditions; no conditional mortality of rainbow smelt has been observed or is
expected to occur due to the thermal discharge. It is conservatively estimated that
impingement losses to rainbow smelt constitute 0.5 percent to 2.5 percent of the local
population. Similarly, it is conservatively estimated that entrainment losses result in a
conditional mortality of 0.00001 percent to 3 percent Based on this assessment, it is
concluded that there have been no adverse impacts to the integrity of the rainbow smelt
population due to the PNPS thermal discharge or CWIS.

*

Cunner (Tautogolabrus adspersus). No conditional mortality has been observed or is
expected to occur to cunner from the thermal discharge, although cunner avoidance of the
plume during peak temperature conditions results in a displacement of the local cunner
population along the discharge breakwater. The conditional mortality to the regional cunner
population from impingement is estimated to be 0.02 percent to 3.1 percent. Conditional
mortality to the local cunner population from entrainment is estimated to be 0.26 percent.
Furthermore, impacts to the local cunner population are compensated by the ideal habitat
provided by the breakwater, which results in an artificially high local cunner population. It is
also likely that this artificially high local population results in artificially high egg and larvae
entrainment. Therefore, overall impact to the regional cunner population is likely much less
than 1 percent conditional mortality. Based on this assessment, it is concluded that there
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have been no adverse impacts to the Integrity of the cunner population due to the PNPS
thermal discharge or CWIS.
Alewife (Alosa pseudoharengus). Zero Conditional mortality has been observed within the
past 20 years and no mortality is expected to occur from the thermal discharge, since
alewife avoid the thermal plume during peak temperature periods. Moreover, conditional
mortality to alewife from impingement and entrainment Is estimated at less than 0.02
percent and 0.00005 percent, respectively. Based on this assessment, It is concluded that
there have been no adverse Impacts to the integrity of the alewife population due to the
PNPS thermal discharge 6r CWIS.
*

Atlantic silverside (Menidia menidia). Atlantic silversides have a thermal tolerance level
above the expected peak thermal plume temperatures, and therefore, no mortality to
silversides has been reported or Is expected from thermal discharges. Conditional mortality
to the population from impingement was estimated at less than 0.005 percent Conditional
mortality to the population from entrainment losses was estimated at 0.01 percent. Based
on this assessment, It Is concluded that there have been no adverse Impacts to the integrity
of the silverside population due to the PNPS thermal discharge or OWIS.

Evaluation of Alternative Technologies
As discussed above, PNPS operations and the CWIS have not resulted in adverse Impacts to the
Integrity of the aquatic ecosystem of Cape Cod Bay. Altemative Intake technologies with the potential
to further reduce impacts were evaluated in terms of technical feasibility and reliability, safety
concerns, cost and effectiveness at reducing biological and other environmental Impacts. The
evaluation of engineering-related criteria are presented on Table 6.1-1. Tables 62-1 through 62-7
provide a summary of the biological assessment for each of the RIS, evaluating the thermal,
impingement, and entrainment conditional mortality, as well as other biological parameters, for the
existing cooling system compared to the aftemative technologies. The alternatives assessment Is
summarized as follows:
*

Behavioral Barmers - Strobe light system. Strobe lights will not alter Impacts associated with
thermal discharges or icthyoplankton entrainment. Relative to impingement, studies
Indicate that adult alewifes and young of the year smelt are repelled by strobe lights,
whereas Juvenile alewifes and smelt and adult smelt are attracted by the lights. Available
literature does not allow any conclusions relative to whether strobe lights are effective on
the other RIS. Because of the low potential effectiveness and high maintenance costs of
this alternative, ENSR does not recommend the use of strobe lights.

*

Diversion Devices - Louvers. Louvers will not alter impacts associated with thermal
discharges or entrainment Impingement of fish species could potentially decrease.
However, louvers have been shown to be effective primarily in river systems with a strong
current along the louver system - conditions which do not exist at the PNPS site. Also,
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there Is the potential that the louver could attract pelagic fish at the entrance to the intake
embayment, and could pose an obstacle to navigation.
Nevertheless, the impact
assessment conservatively assumed some reduction in impingement conditional mortality
for fish. This potential impingement reduction does not offset the cost for the alternative, or
the uncertainty that it would be effective; therefore, ENSR does not recommend this
alternative.
Alternative intake system - offshore intake. Offshore intakes would not alter impacts
associated with the thermal discharge. While impingement may decrease for select species
(ie., silversides, alewifes, smelt), i could increase mortality for offshore, bottom dwelling
and structure-oriented species (eg., lobster, cunner, and flounder). Similarly, while
entrainment could decrease for species spawning near shore (e.g., cunner), entrainment of
the remaining RIS would remain the same or could increase. In particular, winter flounder
larvae tend to have higher densities near the bottom in offshore areas. Because the
potential benefits of offshore intakes-do not outweigh the potential increased impacts,
navigational concerns, and cost, ENSR does not recommend this alternative.
Alternative intake screen system - wedgewire screens. Wedgewire screens would not alter
the impacts associated with the thermal discharge. Impingement would be essentially
eliminated. Entrainment of eggs would not be affected by the screens, and may increase
for some species. Although larval entrainment could decrease, the screens would be
submerged offshore where higher larvae densities are possible. Also, biofouling of the
intake screens likely would occur (with associated nuclear safety risks), requiring extensive
routine maintenance. Further, the cost, navigational concerns, extensive maintenance
requirements, nuclear safety concerns, and potential for increased entrainment impacts for
some species outweigh the potential benefits of using wedgewire screens. Because the
potential benefits of wedgewire screens do not outweigh the potential problems and costs,
ENSR does not recommend this alternative.
Altemative intake screening system - fine mesh screens. Fine mesh screens would not
alter impacts associated with the thermal discharge and impingement, and would reduce
entrainment mortality only slightly (10 percent or less). Further, smaller mesh size
increases the potential for screen clogging (with associated nuclear safety concerns) and
extensive maintenance requirements. The cost and extensive maintenance requirements
associated with mesh screens outweigh the small estimated decrease in entrainment
mortality. Because the potential benefits of fine mesh screens do not outweigh the potential
problems and cost, ENSR does not recommend this alternative.
*

Alternative intake screening system - Gunderboom. Use of the gunderboom does not alter
the impacts associated with thermal discharges. The use of a gunderboom should
essentially eliminate impingement mortality. The gunderboom also can reduce entrainment,
with effectiveness dependent on the coarseness of the mesh material. Use of a
gunderboom at an open ocean nuclear power plant, however, presents numerous technical
and engineering problems, navigational concerns, as well as nuclear safety issues,
Mac 20
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including the potential for clogging of the mesh, difficulties with adequate cleaning,
difficulties in constructing and anchoring the system to withstand storm conditions, and the
potential for obstruction of the intake structure and a corresponding reduction in cooling
water flow, if failure of the system occurs during storm conditions. Because the engineering
problems, nuclear safety concerns and cost, outweigh the potential decrease in Impacts,
ENSR does not recommend the use of the gunderboom at PNPS.
*

Closed cycle system - mechanical draft cooling tower. Use of a mechanical draft cooling
tower potentially would reduce flow rates by up to 93 percent and thereby reduce thermal,
impingement, and entrainment effects for all RIS species. However, new and additional
environmental and aesthetic drawbacks associated with construction and installation of
cooling tower systems are substantial,' and include fogging, icing, increased regional noise
and salt drift Based on the above considerations and cost, ENSR does not recommend
construction of a mechanical draft cooling tower.

*

Closed cycle system - natural draft cooling tower. Use of a natural draft cooling tower
potentially would reduce flow rates by up to 93 percent and thereby reduce thermal,
impingement, and entrainment effects for all RIS species.- However, new and additional
environmental and aesthetic drawbacks associated with construction and installation of
cooling tower systems are substantial, and include fogging, icing, salt drift, and visual
impacts. Based on the above considerations and cost, ENSR does not recommend
construction of a natural draft cooling tower.

-

*

Closed cycle system - dry cooling tower. Use of dry cooling systems would eliminate the
thermal discharge-and result in an approximately 97 percent reduction in water intake flow,
thereby reducing impingement and entrainment effects for all RIS species. However, there
is a potential for unacceptable noise impacts. Based on these considerations and cost,
ENSR does not recommend dry cooling.

*

Variable speed -umos. Variable speed pumps could result in reduced impingement and
entrainment impacts by reducing cooling water flow at appropriate times. Reduced flows

would be limited to the spring, when thermal impacts associated with a higher discharge
temperature are minimized. A 25 percent reduction in the cooling water flow rate results ina
modest, but not substantial, decrease In impingement and entrainment effects. Because
the existing condensers may already be at their operating capacity, the use of variable
speed pumps could require new condensers. Based on the above considerations and cost,
ENSR does not recommend this alternative.
*

Cooling water bypass. A cooling water bypass system would not alter the thermal or
impingement impacts. Entrainment impacts could be reduced by bypassing cooling water
flow around the condensers at appropriate times. A 25 percent reduction in the cooling
water flow rate through the condenser results in a modest, but not substantial, decrease in
entrainment effects. Because the existing condensers may already be at their operating
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capacity, the use of this alternative could require new condensers. Based on the above
considerations and cost, ENSR does not recommend this alternative.

.0

In short, none of the above technologies are recommended for PNPS. Nonetheless, mitigation
strategies are proposed as a voluntary measure by PNPS. Historical data Indicate that habitat
enhancement for rainbow smelt in the Jones River have been successful. A pilot winter flounder
stocking program that could enhance winter flounder populations is underway, and will be continued, if
successful and appropriate. A third mitigation measure is voluntary flow reduction during scheduled
refueling outages, as appropriate. These mitigation measures are recommended because they have
the potential to offset impingement and entrainment losses in a cost-effective manner, without the
drawbacks represented by the alternatives discussed above.
Conclusion Summary
Pilgrim Nuclear Power Station has been providing essential electric-service for New England
consumers for nearly thirty years. During that time, PNPS has commissioned exhaustive studies of the
Station's potential impact on the aquatic ecosystem of Cape Cod Bay, to ensure that its thermal
discharge and CVWIS comply with Section 316 of the CWA. Three decades of marine studies and
monitoring data, evaluated in this Section 316 Demonstration, confirm that PNPS's existing thermal
discharges and CWIS have not jeopardized or endangered the aquatic ecosystem of Cape Cod Bay.
Specifically, this Demonstration concludes:
*

Existing thermal discharges, essentially unchanged since operation of the.Station, affect
only a small area in the immediate vicinity of PNPS, and have resulted in no adverse
impacts to the RIS populations or to the integrity of the aquatic ecosystem of Cape Cod
Bay. Therefore, the thermal discharge does not adversely affect the propagation or
protection of a balanced, indigenous population of fish, shellfish, and wildlife in Cape Cod
Bay.:

*

The conditional mortalities confirm that impingement and entrainment have caused no
adverse impacts to any RIS population, or to the integrity of the aquatic ecosystem of Cape
Cod Bay.

USEPA guidance interprets Section 316(b) to require PNPS' existing cooling water intake structures to
represent 'the best technology available (BTA) for minimizing adverse impacts on the aquatic
ecosystem. ENSR has concluded that the existing CWIS does not adversely Impact the aquatic
ecosystem and therefore represents BTA. Nevertheless, this Demonstration has evaluated a number
of alternative CWIS technologies. No evaluated technology is deemed appropriate for PNPS.
However, certain voluntary mitigation measures (habitat enhancement, stocking and scheduled
refueling outages) can further reduce and/or offset PNPS's impacts on marine resources.
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