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SUMMARY DOCUMENT: ASSESSMENT OF ANTICIPATED IMPACTS OF
CONSTRUCTION AND OPERATION OF SEABROOK STATION
ON THE ESTUARINE, COASTAL AND OFFSHORE WATERS,
HAMPTON-SEABROOK, NEW HAMPSHIRE

1.0 INTRODUCTION

The purpose of this document is to summarize all pertinent
work that has been accomplished to date with respect to assessment of
possible impacts on the marine ecosystem of the construction and operation
of Seabrook Nuclear Station. It includes the cummulative data and
results of baseline studies, continuous environmental monitoring programs,
and special studies conducted since the station's original conception in
1968 (studies began in 1969). A wide spectrum of subjects are covered,
with the emphasis on the general, but encompassing areas of biological,
hydrographic and hydrothermal studies necessary to describe, detail, and
analyze this highly variable and previously poorly or unstudied ecosystem.
This document specifically includes a lengthy analysis of the station's
potential for impacting selected representative important species, a
method which has been decreed by the relevant regulatory statutes to be

one means of determining overall environmen-al impact on a given ecosystem.

As with any reporting effort where studies are in some manner
still ongoing, some results in this document may become outdated; one
should keep this in mind when seeking information or endeavoring to
utilize data or results from this report. Subsequent reports to those
cited in this document, when they become available, will certainly be of

further value when making impact assessments.



2.0 DESCRIPTION OF EXISTING ENVIRONMENT

2.1 INTRODUCTION AND GENERAL OVERVIEW

Since June 19629 Normandeau Associates, Inc. (NAI) has been
conducting baseline biological, hydrographic and sedimentological
studies for the Public Service Company of New Hampshire's (PSNH) Sea-
brook Station Project. These studies of a portion of the western Gulf
of Maine, the coastal waters off Hampton Beach, New Hampshire, and
Hanpton Harbor estuary, have been designed primarily to determine
temporal a2ud spatial distribution of dominant fauna and flora; general
seasonal structure of plankton, benthic, and finfish communities; and
annual variability of ambient wa‘er currents, temperature, salinity,
density, dissolved oxygen, tides, net circulation patterns and winds.
These studies, which represent one of the most comprehensive preoper-
ational monitoring programs conducted for a proposed oceanside power
plant, have substantiated data previously collected by other workers, and

in addition, have added muct valuable new information.

2.1.1 Physical Setting

The site for the Seabrook Station along the southeastern
coast of New Hampshire is fronted by a portion of the western North
Atlantic Oc 'n known as the Gulf of Maine. This water body is pro-
posed to be both the primary source of cooling water for the power
plant as well as the receiving water mass for its heated effluent.

The Gulf of Maine (Figure 2.1-1) forms a roughly rectangular
embayment about 175 n mi across from west to east and 100 n mi from
south to north. It stretches from Cape Cod and Nantucket Island,
Massachusetts, northeastward along roughly 525 n mi of shoreline (ex-
cluding bays and inlets) to Cape Sakle, Nova Scotia. It is bordered to
the south by two shallow bznks areas, Georges Bank and Browns Bank,
which apparently restrict water circulation with the North Atlantic

2.0~1
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Figure 2.1-1.

Location map of the Gulf of Maine (from PSNH, 1973).



and essentially enclose the Gulf as a coastal sea. The Gulf of Maine
comprises an estimated surface area of about 4.9 x ;Oéﬁgf~and a volume

of app.oximately 1015 gallons (excluding the Bay of Fundy).

The Gulf of Maine has jenerally irregular bottom topography
with numerous banks and sinks. A narrow, gently cloping shelf up to 13
n mi wide rings much of its periphery; but the Gulf is dominated by
three deep basins: Wilkinson Basin, located in the western half of the
Gulf (maximum depth about 930 ft); Jordan Basin, in the northeastern
portion (about 810 ft deep); and Crowell Basin, in the southeastern
section (about 1,240 ft deep; Figure 2.1-1). The seaward edge of the
Gulf consists of a nearly continuous series of shallow sills extending
from Nantucket to Cape Sable: Georges Bank which is between 90 and 210
ft deep, but in places is almost out of water at low tide; and Browns
Bank which is between 100 and 300 ft deep. Th2re are three narrow
passages which breech this sill, connecting the deeper basins of the
Gulf to the open ocean: Great South Channel between Nant—cket and
Georges Bank (about 210 ft Jeep); the Eastern Channel between Georyes
Bank and Browns Bank (about 680 ft deep'; and the Northern Channel
separating Browns Bank and the mainland of Nova Scotia (about 420 ft

deep) .

The western Gulf of Maine adjacent to the coast of New Hamp-
shire, known as Bigelow Bight, is dominated by two deep basins: Jef-
freys Basin. which is about 600 ft deep; and Scantum Basin, which is
about 420 ft deep (Figure 2.1-2). A broad gently-sloping shelf area
with numerous local bottom irregularitics, especially in the vicinity of
the Isles of Shoals, lies between these basins and the coast. On the
seaward side, these basins are somewhat separated from the main Gulf by

a shallow rise known as Jeffreys Ledge.

The site for Seabrook Station is on the southern New Hamp-
shire coast adjacent to llampton Harbor (or Hampton-Seabrook) estuary
\Figure 2.1-3). This estuary and associated marsh, which has an area of

approximately 3,800 acres, is part of the general uplift pattern of a
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previously submerged coastal plain bordered on its outer perimeter by a
barrier beach.

The Hampton-Seabrook marsh/estuary is sectioned by several
tidal rivers. Althrough there is a discernible watershed, the attendant
runoff is not particularly significant. The several streams and their
branches serve primarily as tidal streams directing the inward and
outward flow of saline water twice daily.

The substrate of the adjacent offshore area where the cooling
system intake and discharge is proposed to be located is extremely
heterogeneous but composed of three basic types: rock-ledge, cobble
(rocks less than 6 inches in diameter), and sand (Figure 2.1-4).

S kil Hydrographic Setting

The general circulation pattern of the western portion of the
Atlantic, which includes the Gulf of Maine, has been documented by NAI
studies, as well as by other workers such as Bigelow, 1927; Da}, 1958;
Bumpus and Lauzier, 1965; Graham, 1970a; and Bumpus, 1973. The waters
on the Scotian Shelf, known as the Nova Scotia current (Bigelow, 1927)
are a mixture of Gulf of St. Lawrence water, residual Labrador current
water, and more saline waters from offshore called Slope Water (McLel-
lan, 1954). These waters (Figure 2.1-5) generally flow southwe .cerly,
parallel to the Atlantic coast of Nova Scotia, rcinding the tip of Nova
Scotia and entering the Gulf of Maine (Sutcliffe, Loucks and Drinkwater,
1975).

These circulation studies have shown that the flow of water in
“he Gulf is strongly influenced by the tides, and at mos* l--ations, the
tidal currents comprise the greater pa t of the total water movemen*.
However, this tidal movement is superimposed on a more general counter-
clockwise scheme of net, non-tidal circulation (Gulf of Maine gyre)

which underaces an annual cycle. This flow pattern is due to the inter-
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The study area off the New Hampshire coast represents a small
segment of the coastal shelf zone of the Gulf of Maine in the North
Atlantic Estuarine 2Zone (U.S. Fish and Wildlife Service, 1970). Graham
(1970a) has defined this coastal water as lying within 13 n mi of the
coast and at depths less than 328 ft extending from the mouth of the Bay
of Fundy to Cape Cod. These coastal waters represent an area of mixing
between water entering the Gulf of Maine via the Northern and Eastern
Channels (Figure 2.1-2) and freshwater discnarge, which varies season-
ally, but is about 24 n13 annually (Emery and Uchupi, 1972). In general
near-bottom waters from the Northeast Channel have a salinity of about
34.0 °/oo (Bigelow, 1927) and an annual temperature range of about 39.2
to 48.2 F (Colton and Stoddard, 1973).

The distribution of temperature and salinity of the waters in
the Gul?f of Maine has been studied by Bigelow (1927), Colton et al.
(1968), Colton and Stoddard (1972) and TRIGOM (1974). Graham (1970a,
1970b) has studied the coastal waters of the Gulf of Maine from Cape
Ann, Massachusetts, to Machias Bay, Maine. Surface-water temperature
and scliinity within a 16.2 n mi radius of the Merrimack River was stud-
ied by Ford (1947). Other hydrographic studies in these waters include:
Wiseman (LSU, 1969 unpublished personal communication), EG and G (1972),
Manohar-Maharaj and Beardsley (1973), NAI (1974a), Cox (1975) and NAI
(1976f) .

From 1969 through 1972 NAI conducted preliminary hydrographic
surveys emphasizing summertime conditions in the Hampton Harbor estuary
(NAI, 1971). Starting in Septembc:-1972 and continuing through to the
present, NAI's extensive studies (1975b, 1975f and 1977a) have included

the following:

- 2 Continuous Monitoring of Oceanographic and Meteorological
Parameters from Fixed Points:

A. Mooring Deployment: More than 30 different specially
designed mooring systems to serve as instrumentation
platforms have been deployed on a year-round basis.

2.0-11



II.

III.

B. Current Measurements: For nearly 4-1/2 years continuous

water current speed and direction measurements have been
obtained from the various offshore moorings (Figure 2.1-7
compiling a data base, exceeding 30 current-meter mooring
years (Figure 2.1-8).

Ca Temperature Measurements: For nearly 4-1/2 years contin-
uous water temperature measurements have been obtained
from the various offshore moorings as well as from around
the Inner and Outer Sunk Rocks and the Hampton Harbor
estuary, documenting nearly 25 temperature monitoring
years of data;

D. Tide Elevation Measurements: For nearly 4-l1/2 years tide
elevation has been monitored continuocusly in the Hamgton
Harbor estuary:;

E. Wind Measurements: For nearly 4-l/2 years wind speed and
direction have been monitored continuously in Hampton
Beach State Park.

Oceanographic Cruises:

A Plankton Cruises: Essentially monthly oceanographic
cruises to survey plankton distribution, hydrographic
parameters, and net circulation patterns (drifter re-
leases) in the western Gulf of Maine out to almost 25 n
mi offshore;

B. Slack Water Surveys: Monthly tc semi-monthly hydro-
graphic surveys to document low-water and high-water
"slack" distributions of ambient temperature, salinity,
density and dissolved oxygen at stations in Hampton
Harbor and offshore around the various proposed intake
and discharge sites;

cC. Special Temperature Studies: Over a l-year period inten-

sive temperature surveys (including in situ monitoring
and tide-pool measurements) were made around the Inner
and Outer Sunk Rocks off the mouth of Hampton Harbor;

Anchor Station Studies:

Periodic surveys over a tidal cycle at selected stations to
document ambient currents, temperature, salinity, density and
dissolved oxygen frequently included in situ streamer observa-
tions and drogue studies;
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1969.

III.

Iv.

Macroalgae: Lamb and Zimmerman (1964), Mann (1972),
Mathieson, Hehre and Reynoll’s (1977):

Plankton: Bigelow (1926), Gran and Braarud (1935), Fish
and Johnson (1937), Lillick (1940), Sherman (1965, 1966,
1968, 1970).

Intertidal: TRIGOM (1974), Menge (1976), Gosner (1971).

Biological studies for Seabrook Station began in the summer of

Initial studies (NAI, 1970, 1971, 1972a-h) focused on the biota

of Hampton-Seabrook estuary since it was originally proposed that the

cocling system intake be located in the estuary. When the concept of an

offshore site was adopted in 1972, studies of the nearshor~ biota were

initiated, and have continued through to the present (Figure 2.1-9).

These studies have included the following:

Soft-shell Clam, Mya arenaria

A.

Adult Surveys: Beginning in 1969, and continuing from

1971 to the present, J{ive major clam flats in Hampton
Seabrook Estuary have been sampled arnually in November,
to document variability in the standing stock of harvest-
able clams. In addition, one of the flats (designated as
No. 2) has been sampled quarterly;

Spat Surveys: ~“oncurrent with the adult surveys, samples

of newly settled young (1 to 25 mm long) have been
obtained. Beginning in early 1976, the spat program was
expanded to include five other nearby northern New
England estuaries.

Planktonic Larvae Tows: Beginning in 1969 and continuing

to the present, plankton pump samples have been analyzed
during the warmer months to determine spatial and temp-
oral abundance of the pelagic "arvae.

Larviculture: A specia! laboratory study was undertaken
in 1975 to confirm larval identifica ion. Mya arenaria
and a distantly related species, Hiatella sp. were
spawned and the eggs reared to the settling (pediveliger)
stage.

2.0-16
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iz. Finfish

A.

Otter Trawls: Replicate 10-15 min tows have been con-
ducted monthly from 1974 to the present, and twice
monthly in 1973, along transects offshore from Hampton
Beach.

Gill Nets: Offshore from Hampton Beach, 48 or 72 hour
sets have been carried out approximately monthly, from
1974 to the present, and twice monthly in 1973.

Beach Seines: Collections have been made from April
through November using saine casts in the shallower
reaches of Hampton-Seabrook estuary, twice monthly in
1973 and monthly from 1974 to the present.

Ichthyoplankton Collections: Oblique tows using one
meter diameter 505 um and, occasionally, 333 um mesh nets
have been conducted approximately twice monthly in 1973,
and monthly from 1974 to the present.

1311. Phytoplankton and Invertebrate Zooplankton

A.

Pumps: Submersible electric pumps have been used since
1972 to study spatial and temporal variability of phyto-
plankton and microzooplankton on a monthly basis (twice
monthly during the warmer mcnths of 1973). The pumps
were also used to obtain water samples for plant nutri-
ent, chlorophyll a, and carbonl® uptake analysis.

Net tows: Oblique tows using 333 um and, occasionally,
505 um mesh nets, 60 cm in diameter, mounted in a twin
"bongo" frame, have been employed on approximately a
monthly besis since 1973, to investigate temporal and
horizontal variability of macrozooplankton. In 1973,
sampling was twice monthly and ranged over a particularly
wide area of Bigelow Bight, out to almost 25 n mi from
the Seabrook Station site.

IV. Benthos

A.

Subtidal Fauna: For the past two years, surveys have
been conducted gQuarterly at 15 subtidal stations in the
vicinity of the proposed intake and discharge rcite, and
at four stations in Hampton-Seabrook Estuary, to deter-
mine community structure. Surveys of offshore subtidal
benthos were also conducted in the summers of 1969, 1972
and 1974.

2.0-18



B. Intertidal Fauna: Destructive (dredge) and non-des-
tructive samples have been taken since the spring of 1'75
on a quarterly basis from th-ee intertidal elevations on
rock ledge habitat off Hampton Beach. Concurrently,
destructive sampling has also been carried out at four
intertidal stations in Hampton-Seabrook Estuary.

= Meiofauna: Since the summer of 1975, replicate cores to
sample meiofauna (tiny interstitial organisms) have been
collected quarterly at five subtidal stations off Hampton
Beach and four intertidal stations in Hampton-Seabrook
Estuary, in order to describe temporal and spatial dis-
tribution of dominant organisms.

D. Macroalgae: Growth rate, vertical distribution of bio-
mass, anc reproductive cycles of two dominant macroalgae
species: irish moss, Chondrus crispus; and kelp, Lami-
naria saccharina, have been monitored monthly since the
summer of 1975.

V. Lobster, Homarus americanus

A. Trapping Studies: Since 1972, a string of 15 to 30
lobster pots in the vicinity of the proposed discharge
site has been tended by an experienced lobsterman approx-
imately once every three days, from June through Novem-
ber. Records are kept for computing catch per effort.

B. Planktonic Larvae: During the summer of 1973, replicate
15 minute tows were conducted monthly along five tran-
sects offshore from Hampton Beach, using a one-meter
diameter 505 um mesh net equipped to tow breaking the
water surface.

VI. Biofouling:

Short-term settlement of biofouling organisms and long-term
community structure has been monitored for two years in the
estuary, and offshore, with the use of submerged artificial
substrates.

The most recent of these stulies have been incorporated into

the preoperational monitoring program; further description of
this program and location of sample sites is given in Section
6.0.




2.2 HYDROGRAPHIC ENVIRONMENT
2.2.1 Currents

Currents are large-scale water movements which occur every-
where in the ocean. The forces causing major ocean currents come pri-
marily from winds and from unequal heating and cooling of ocean waters.
Both are the result of unequal heating of the earth's surface. Ocean
currents contribute to the heat transport from tropics to poles, thereby
partially equalizing earth-surface temperatures (Gross, 1972). Because
the Gulf of Maine is a coastal ocean lying over the continental shelf,
it is especially susceptible to wind influence. Winds blowing over the
surface of the water set surface waters in motion, which may in turn
cause storm surges, coastal currents, or upwelling. Secondly, winds
generate waves which affect the coastal ocean through their actions on
shorelines and mixing of surface waters. A consistent feature of
coastal processes is their compressed time scale as compared with the
same processes in the open ocean. The shallowness of coastal waters,
such as off Hampton Beach, allows rapid heating, cooling, evaporation,
dilution, or movement as an overall pattern of periodic abrupt change in

contrast to the more uniform conditions of the deep ocean (Gross, 1972).

2.2.1.1 Observations and Measurements from Fixed Points (Eulerian

Method)

I. PRINCIPAL FLOW PATTERNS

Tr» __astal waters off Hampton Beach are very dynamic and some
current flow is always present because of the combined effects of tide,
wind stress, net drift and other hydrographic and meteorological dynamics.
In terms of the resultant flow patterns, six principal variants may be
described (Figure 2.2-1). These are basically derived from the super-
imposition of persistant, steady-state, flow on the ebb and flood of
tidal circulation. We.uk Tidal Flow is quite variable but has a tendency
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Figure 2.2-1. Examples of main types of current flows cbserved in coastal waters

off Hampton Beach, New Hampshire.



toward periodic reversals in direction. Strong expression of Reversing

Flood and Ebb Tidal Currents on a regular 6 to 7 hr basis occurs wnen

there is very little effec%tive steady-state motion. Moderate or Strong

North/svuth Flow occurs when steady-state flow completely overwhelms

tidal reversal.

Classified as described above, coastal current-meter flow data
from moorings seaward of the Outer Sunk Rocks exhibit the frequencies
given in Figure 2.2-2 and Table 2.2-1. The most common type of flow in
these waters was rransient or tidal flows, which comprised almost one-
half (41%) of the 4-yr (1437 day) study period from January 24, 1973 to
December 31, 1976 (Table 2.2-1). The most frequent flows of this type
were reversing flood- and ebb-tidal currents, comprising 20.7% overall.
Weak tidal flows made up the remaining 19.7% overall.

The steady-state flows toward the south and the north were
about equally distributed (28.6% overall for the former and 31.1% over-
all for the latter). The southerly flows along the coast, which occurred
roughly one fourth of the year, were generally the result of northeasterly
storms and occasional pericds of northwesterly winds. Such flows essentially
masked ocut the tidal currents and frequently persisted unabated for days
at a time. Moderate southward flows of about 0.2 to 0.3 kn comprised
19.7% overall. Strong flows, which occasionally reached 1.0 kn comprised
8.8% overall. Correspondingly, the northward flows generally occurred
during the remaining fourth of the year in conjunction with strong
south-to-southwest winds or as possible seiching in the western Gulf of
Maine following storm surges. Moderate northward flows comprised 26.0%

overall, whereas strong flows were 5.1% overall (Table 2.2-1).

The coastal waters frequently demonstrate a two-layer flow
system reinforced by ambient stratification of temperature, and salinity
(see Section 2.2.6). During the spring, summer and early fall, the
upper portion of the water column is warmer and less saline than waters

at depth because of radiational heating and runoff. 1In the late fall
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the wacters are more homoyeneous from surface to bottom, whereas, in the
winzer the upper part of the water column is actually slightly colder
than at depth because of radiational cooling. This stratification
creates a shear-plan2 at depth within the water column and enablss the
winds to drive the near-surface aters downwind whenever the winds have
been strong and persistent enough. This is the basic phenomenon which
accounts for the steady-state flows either southward or northward. The
flow at depth frequently is reversed from that of the near-surface layer
in apparent compensation.

Spectral analysis of representative current-meter data over a
range of frecuency periods from about 120 hrs to less than 6 hrs indi-
cates that three main frequency components are present in flow patterns
off Hampton Beach, New Hampshire: (l) a very low frequency storm com=-
ponent and possible lunar-cycle effect with a periodicity of 80 to 1l2u
hrs, (2) a strong tidal component at about 12 hrs, and (3) a weak second-
ary component at 6 to 7 hrs which may be related to irregular tidal
flows (NAI, 1975f).

In the summertime the shallow current meters show both a well-
developed storm component and a tidal component, indicating that the
upper part cof the water column is alternately affected by wind-driven
near-surface flows and the tides. At mid-depth current meters, the
storm component is less evident, the tidal component is dominant, and
the secondary component is more pronounced. Near bottom the flows are
almost completely tidal with some secondary comporent, indicating
that near-bottom waters are below the depth to which storm effects gen-

erally extend in the summer.

During the winter, only storms and l2-hr tidal components are
generally observed. The shallower current meters are generally domi-
nated by storm flows with very weak tidal components. Near-bottom
waters show a stronger tidal component with a weak secondary 7 to 8-~hr
component, but still tend to be dominated by the storm conditions.

During winter, the tidal effects are almost completely masked out by

2.0-25




storms and possibly lunar-cycle effects. Cross-covariance analysis of
current and wird data has shown that near-surface currents lag several
hours behind wind shifts.

II. SEASONAL FLOW

Currents observed during the fall months are generally toward
the north and northeast at mean speeds of 0.17 to 0.44 kn; apparently,
these are largely caused by southwest winds and breakdown in the flow of
the Gulf of Maine gyre. Flows in other directions are generally about
0.10 to 0.19 kn with some higher mean speeds toward the southwest (up to
0.22 kn). Distinct shearing along the thermocline between the upper and
lower portions of the water column has been observed at both the dis-
charge site and the nearshore intake site. Near-bottom mean speeds are
higher in the fall than are typically observed during the summer. Thus,
near-surface currents tend to follow the wind; whereas, flows at depth
tend to parallel the coast under more tidal influenc> or move shoreward

as a possible compensatory flow.

In general during the winter months, winds and storms play a
dominant role in coastal circulat’ >n of the waters off Hampton Beach,
New Hampshire and in the western Gulf of Maine. A prevalent flow toward
the north or northeast at mean speeds of 0.13 to 0.20 kn prevails at the
shallower depths. These flows are nearly balanced by south-to-south-
westerly currents averaging 0.19 to 0.23 kn. At the nearshore intake
site weaker currents and more evenly distributed flows, with a slight
prevalence for southwesterly directions, are indicated by the data.
Tidal effects are also usually more apparent at this location than at
other moorings, possibly because of channeling effects between Outer
Sunk Rocks and Hampton Beach. Currents at depth are generally progres-
sively weaker than near-surface flows. Near-bottom flows at the dif-
fuser site are apparently affected by the bottom topography and a north-
westerly compensatory flow toward shore (NAI, 1975f). Offshore at
Mooring T-4 the southerly flows are usually more dominant than at near-

shore moorings, but mean current speeds are about the same.
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During the spring months, storms generally continue to play an
important role in coastal circulation with the tides keginning to show
more of -an influence, especially during periods of calm weather. The
predominant flows in the spring are generally toward the south and
southwest quadrants, at about the same mean speeds {about 0.15 to 0.29
kn) as equivalent flows during the preceding win*er months. Northward
currents are nearly as common as in the winter, but their mean speeds
are faster (0.10 to 0.28 kn). This bimodal pattern is primarily the
result of combined effects of northeasterly and southwesterly storm
winds, which drive nearshore waters either southward or northward along
the coast respcctively. At the nearshore intake sites, flows are gen-
erally strongly bimodal to the north and southwest, reflecting the
topographic effect of the Outer Sunk Rocks on local flow patterns.

The influence of tides during the calmer atmospheric periods
between storms is evidenced by nearly-equal flow distributions in vari-
ous directions. Flows at the proposed discharge site often show pro-
nounced shearing. Highest current speeds are usually observed near the
surface; mean speeds of 0.29 kn southward and 0.28 kn northward have
been recorded. At depth, the diffuser site has shown weaker mean speeds
(about 0.23 kn southward and 0.16 kn northward). An anomalous north-
westward component has been noted at depth in apparent compensation for
the prevailing offshore winds and local effects of adiacent bedrock
topography on the sea floor. Offshore at Mooring T-4, the southerly
flows were more dominant and even stronger than nearshore (mean speeds

of 0.25 to 0.30 k).

During the summer months storms are less frequent and less
intense, enabling tidal effects to become more apparent. During the
summer months flows are generally weak and variable in all directions
(about 0.10 to 0.15 kn) because of increased dominance of tidal effects.
Occasional northeast storms during the summer accounted for the strong
southwestward component at many of the moorings (mean speeds of 0.17 to
0.29 kn). During the summer observed current speeds weaker than 0.05 kn

occurred more frequently than at any other time of the year.
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During periods when tides predominated, flows alternated
between northward flood and southward ebb, but there is generally a net
residual drift of several nautical miles per day southward along the
coast as part of the counterclockwise Gulf of Maine gyre. At the pro-
posed discharge site, flows have shown considerable variation fi.. one
depth to another. Near surface northeasterly an! southwesterly flows
have been nearly balanced; only during 10% of the summer were speeds
below 0.05 ka. At mid-depth, flow was more southerly with 15% of the
speeds below 0.05 kn. Near bottom 63% of the flows were less than 0.05
kn with currents predominantly toward the northwest and southeast,
similar to trends observed during the spring. Offshore at Mooring T-4
the strrng south-to-southwesterly currents, cbserved during the spring

persist throughout the summer season.

2.2.1.2 Observation and Measurement of Current Trajectories (Lagrangian

Method)

+. DATLY NET DRIFT

Calculiations of daily net drift or water-mass displacement
along the coast (24-hr vector average based on actual 20-min observa-
tions of current speed and direction) further demonstrate the dynamic
nature of the waters off Hampton Beach. Regardless of actual flow type
(i.e., weak tidal flow, reversing flood and ebb-tidal currents, moderate
or strong southward flows, and moderate or strong northward flows), the
coastal currents are such that for any given day there is always some
net residual non-tidal drift. Thus, nearshore flows may generally be
conceptualized as somewhat discrete entities, often moving alternatively
northward and southward independently from water masses further off

shore thich have greater freedom of motion in the east/west plane.

Daily net-drift data (longshore or north-south components
averaged over 2-day periods for ease in presentation) collected from

mid-depth current meters off Hampton Beach during 1973 through 1976 are
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summarized in Figure 2.2-3. Data from the summer season, when tidal
flows are most prevalent (Figure 2.2-2) and entrainment impacts of power
plant operation poteatially the greatest, show typical net drift rates
of at least 1 to 2 n mi per day with numercus periods of much greater
net drifts. Periods of large net drift are in apparent response tc
storm effects. Although conditions from year to year have varied
slightly, a general summertime pattern has been observed in all 4 years.
During both June and July of all 4 years, predominant net drift was
southward except for about 4 to 5 days of northward drift. In August
1973 there was very little northward drift, in August 1974 about 5 to 6
days, and in August 1975 and 1976 about 10 to 12 days. During September
1973 and 1976 there was about 6 to 8 days of northward net drift, in
1974 about 21 days, and in 1975 about 27 days, showing conditions have

varied somewhat from one summer to another.

These data document short periods of relatively small net
drift over several days at times which occur periodically during the
summer season. As these data show, such quiescent periods are inter-
rupted by periods of strong flow, lasting for days at a time anc re-

sulting in large-scale net displacement of nearshore waters.

II. DRIFTER RELEASES

For more than 4 years NAI has studied residual net non-tidal
drift and circulation patterns in the western Gulf of Maine by means of
year-round drifter releases. Since September 1972 drift bottles have
been used to document near-surface flows out to 23 n mi offshore, whereas
near-bottom flows have been studied by means of sea-bed drifters.

Through September 1976 NAI released nearly 12,000 drift bottles and
approximately 15,000 drogue and seabed drifters, with an overall recovery

of about 25 to 40% depending upon the drifter type.

The results of the NAI studies (1975b and 1975f) show that

most of the recoveries have been between Cape Ann and southern Maine,
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with the remainder in Maine, in Massachusetts Bay, and on Cape Cod.
Furthest recoveries to the north and east have been along the coast of
Nova Scotia (two recent returns have been from the Azores Islands and
the shetland Islands). Westernmost recoveries have been from Fire
Island on Long Island, New York, and Watch Hill, Rhode Island. Numerous
recoveries have be2n made on Martha's Vineyard and Nantucket with a few
returns from Block Island, the Cuttyhunk Islands, and Buzzards Bay.

Typical seasonal drift patterns are documented as follows
(Figure 2.2-4): "summer" season (June 1973), "fall" season (September
1972), and "winter" season {(January 1973)‘. Monthly recovery percentages
for the NAI studies have run from about 10 toc 50 percent, depending upon
the actual relezse (NAI, 1975f).

The drift bottles were typically carried southward and off-
shore, out past Cape Ann, by the flow of the Gulf of Maine gyre. Bot-
tles released from the more-seaward stations had the lowest recovery
percentages and frequently traveled the longest distances, but typically
had higher non-tidal net drift rat:s than the more-landward stat‘ons.
Near-surface flows of the drift bottles were generally 1 to 3 n mi per
day or at least ten times faster than the near-bottom flows of the sea-
bed drifters (usually 0.1 n mi per day or less).

In contrast, sea-bed drifters released out to about 5 to 6 n
wi offshore almost always had a southwestward component toward shore.
This flow pattern was probably because of compensatory flow of saline
waters intruding landward at depth below less-dense, seaward-moving
surface layers. These flows may also be related to the effects of

*
Recoveries outside of the study area are coded as follows:

"MB" for Massachusetts Bay and Cape Cod Bay

"CcC" for the outer or Atlantic coast of Cape Cod including Nan-
tucket Sound and Buzzards Bay

"RI" for Rhode Island

"NY" for Mew York
"NS" for Nova Scotia and the other Maritime Provinces of Canada
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northeast storms. Further seaward of this distance out beyond about 6
to 8 n mi, the near-bottom waters tended to move up-slope out of Scantum
Basin and southward past Cape Ann into Massachusetts Bay. Some drifters
were carried up onto Jeffreys Ledge, while others appear to have been
carried through the deep channel cff Cape Ann. Some of the variation in
bottom drift is due to irregularities in bottom topcgraphy. Although
sea-bed drifters are widely used to examine nearbottom flows (Bumpus,
1965), it should be nuted that they are subiect to entanglement in
seaweed, rocks or bottom debris as they drift along and thus probably

underestimate the true drift rate.

The general drift patterns of nearshore drifter releases show
close corroboration with mean-flow data from the NAI current-meter
moorings. During the summertime there is a tendency for waters at depth
(deeper than about 10 to 20 ft) to have a southwesterly net-drift com-
ponent of flow onshore, as apparent compensation for the prevailing
south-to-southeasterliy offshore netdrift of near-surface flows. These
near-surface flows appear to parallel the coast or to be more south-
easterly offshore, except under conditions of short-term opposing wind
stress when the flows may be northward or northeastward. In general,

the further offshore ore goes, the faster the non-tidal net-drift rate

becomes.

Thus the NAI drifter and current-meter data corroborate the
findings of previous workers and documeat that, during much of the year,
the Gulf of Maine gyre and associated hydrographic phenomena result in
net southerly flows along the New Hampshire coast and in the western
Gulf of Maine. These flows become part of the huge counterclockwise
circulation pattern which encompasses the entire Gulf. Occasional
periods of northerly flow were observed, generally following periods of
southwesterly winds or representing possible seiching in the western
Gulf after the passage of intense northeast storms and low-pressure
systems. The instances of northerly flow during the winter season also
point to pessible breakdown of the Gulf of Maine gyre into several
localized eddies at that time of year (Csanady, 1974). Surface flow was

generally at least 10 times faster than near-bottom flow. The surface
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flow was usually southvard and offshore, cut past Cape Ann, whereas the
sea-bed drifters showed bottom flow almost always with a southwestern
component toward shore. This is probably due to the dominance of north-
east storms, which appear to drive much of the bottom flow, and also to
the compensation flow of saline waters intruding landward at depth below
seaward moving surface layers. Drifters released out to about 5 to 6 n
mi offshore generally strand between York, Maine and Cape Ann; but
seaward of this area, the higher number of distant returns and signif-
icantly lcwer recovery percentages document the dominance of the Gulf of
Maine gyre flowing southward toward Cape Zod.

- 5 Atmospheric Influences

- 5N Prevailing Winds

Winds play an important role in near-surface water-mass trans-
port, especially close to shore. Local wind data, which have been
collected continuously by NAI from January 1973 to date at Hampton Beach
State Park (location map, Figure 2.1-3), and wind data collected at the
Seabrook plant site (PSNH, 1973) have documented that prevailing winds
are from the west and northwest; but that highest speeds have generally
been from the northeast. Rose diagrams from the fall and winter season:
when offrfhore waters are typically unstratified, show a prevalence of
winds f.-om the northwest with secondary peaks from the southwest and
northeast. Rose diagrams from the spring and summer season,when off-
shore waters are typically stratified,show that winds common at this
time of year are generally light and variable with less tendency for any
preferential directions. As during the winter, strongest winds are from

the northeast in conjunction with "northeaster" storms.

When prevailing winds move near-surface waters away from the
coast, subsurface waters move upward to replace them in a process called
"upwelling”. This phenomenon has been documented in the western Gulf of
Maine by NAI (1975f), Hartwell (1975), Kangas and Hufford (1974), Graham
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{1970a), aund Longard and Banks (1952). This appears to be an important
process for bringing nutrients into the more-productive nearshore areas.
Likewise when winds are onshore, the opposite process of "downwelling"
or plunging of coastal waters seaward along the bottom can occur (NAI,
1975f). Strongest wind effects always accompany northeast storms.
During these storms near-surface waters are often carried southward at

speeds of up to 1.0 kn or greater.

2.2.2.2 Storms

Based on all of the NAI current-meter data which have been col-
lected from off Hampton Beach, it appears that storms and associated
winds play a key role in the large-scale water-mass displacement of the
western Gulf of Maine and appear to help drive the general counterclock-
wise circulation of the Gulf of Maine gyre. In general, low-pressure
systems moving across the region cause the stormiest conditions and the
most-significant wind-stress effects in nearshore waters (Beardsley and

Butman, 1974). Two basic patterns have been observed over the years.

The first pattern is when a low-pressure system moves slowly
northeastward up the Atlantic coast, some 50 to 100 n mi offshore, over
Georges Bank and past the Maritime provinces out to sea (Figure 2.2-5).
The counterclockwise wind circulation of such storms means that winds
from the north or northeast blow from across the Gulf of Maine, "lash-
ing" the coast as a typical "nor'easter" or northeast storm. Such
storms have long been recognized as the most influential to this coast,
especially from the viewpoint of beach erosion (Hayes and Boothroyd,
1969), and seem to consistently result in strong southward flows along

the coast (Hartwell, 1976).

The second pattern is when a low-pressure system moves slowly
northeastward over the Great Lakes, up the St. Lawrence River valley,
and over eastern Canada out to sea (Figure 2.2-5). In this instance the

winds in the Gulf of Maine are from the southwest or south on the oppo-
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Figure 2.2-5. Diagrammatic representation of low-pressure systems and accom-
panying wind patterns from storms moving up off the coast and
up the St. Lawrence River valley illustrating effects on
coastal flows in the western Gulf of Maine.
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Oceanic and Atmospheric Administration-National Ocean Survey (NOAA-NOS)
tide-table predictions (NOAA-NOS, 1976). 1In general, the mean tide
range is about 8.3 ft. Spring tides have ranged as high as 12.5 ft;
whereas, neap tides have ranged as low at 6.0 ft. Under storm condi-
tions abnormally high tides are often observed. 1In general, these tides
are of the mixed, semidiurnal type with a small (1 to 2 ft) diurnal
inequality which is most pronounced during spring tides (Figure 2.2-6‘.
The change in tide height (high or low water) and tidal-current direc-
tion generally occurs 15 to 30 min earlier offshore than inside Hampton
Harbor. Measurements of tide height and times of high and low water at
the mouth of the estuary in August 1974 showed that recorded heights at
the Hampton Beach Marina were as much as 6 in. higher and occured 3 to
10 min later than on the coast (NAI, 1975a).

2.2.4 Water Temperature

2.2.4.1 Ambient Variability

Large temperature changes occur in shallow, partially isolated
waters of coastal oceans such as the Gulf of Maine. These variations
are well beyond anything founc in the open ocean. Winds, for instance,
affect water temperatures to a marked degree. On the Atlantic coast,
winds coming from the continent are much warmer than the ocean in
summer, and much colder in winter, therefore exerting substantial
influence on coastal-water temperatures. Furthermore, such winds are
dry, having lost much of their moisture through precipitation. Thus
these winds usually cause extensive evaporatior when they blow across
coastal waters (Gross, 1972). Off Hampton Beach the highest surface
water temperatures are generally in the mid 60's °F but temperatures as
high as 76 F have been measured. Lowest surface-water temperatures are
contolled by the point of initial freezing of seawater, which generally
is about 28.4 F depending on the surface-water salinity. In winter, sea
ice frequently forms, especially in Hampton Harbor and other small
estuaries where cooling is rapid due to the large surface area and small

volume of water present.
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The coastal waters off Hampton Beach and in the western Gulf
of Maine out to at least 9 mi or more offshore undergo an annual cycle
vhich is representative of the natural variabilitv of coastal waters,
caused by factors such as: tides, winds, solar radiation, waves,
storms, upwelling or downwelling, rainfall, evaporation and estuarine

thermal plumes.

Temperature measurements from the monthly plankton cruises
have documented far-field conditions to the north and south of Hampton
Beach. Near-surface measurements have showed a tendency for the temp-
eratures further offshore to be slightly warmer than those along the
coast during most of the year. However, in the summer, the estuarine
stations and statioas close to shore were generally warmer. These
patterns are primarily the result of radiational warming in the estuary
and shallow coastal waters during the summer and radiation.l coolina

during the winter.

Measurements made at the discharge site (Mooring 12) during a
typical year for near surface-and near bottom at high water and at low
water (Figure 2.2-7) illustrate the tendency for near-surface tempera-
tures to be colder at low water during the winter months, because of

cooled ebb-tidal waters flushing from Hamptor Harbor and adjacent

estuaries. Correspondingly, near-surface temperatures are warmer at low

water during the summer months, because offshore waters are cooler than
the warmed ebb-tidal plumes from Hampton Harbor and adjacent estuaries.

Thus on the flooding tide during the winter, near-surface waters tend to

become warmer, and during the summer they tend to become colder, as water

from further offshore displaces water closer Lo shore; the converse is

true on the ebking tide. Near-bottom waters show less variability; but,

there is a tendency for low-water conditions to be slightly warmer than
high-water conditions. Highest mean near-bottom temperatures were
observed during September, lagging behiné highest surface temperatures

because of the presence of the thermocline.
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Warming of surface waters during the day readily occurs,
especially in areas such as Hampton Harbor, which are protected from
winds and waves. This variation occurs despite the large heat capacity
of water and the ability of the Gulf of Maine to mix the additional heat
to considerable depths beneath the ocean surface. In the absence of
other influences, surface water temperatures ace generally highest in
mid-afternoon and lowest at dawn. At midnight the water column is
nearly isothermal. Cooling continues throughout the night so that by
dawr, the surface water is cocler than the waters at depth. After the
sun rises, the surface layer is warmed; by noon the surface lavar is
distinctly warmer than waters immediately below the surface. Warming
continues until late afternoon, when the surface temperature is highest.
Later, the surface layer begins to cool and is slightly cooler at dusk.
During the night, the surface waters cool until the water column is

again isothermal around midnight (Gross, 1972).

Tides cause temperature changes in cocastal waters by moving
water masses of different temperatures and by causing vertical movements
of waters. 7idally induced temperature changes are especially notice-
able in shallow areas such as the Hampton Harbor estuary. In such salt
marshes, water temperatures are highest on a summer day after the water
has flooded the marsh. The water is warwed by contact with the warm
marsh sediments and directly by absorption of sclar radiation. Thus
water coming out of the estuary on a summner day is often in excess of 12
F degrees warmer than offshore waters. Likewise when the tide rises,
bringing coastal waters intc the estuary, it is much colder than the

water that flowed out several hours earlier (Gross, 1972).

Variations in hourly average temperatures further illustrate
the dynamic nature of these waters. Examples of typical mid-summer data
(August 17 to 31, 1976) from offshore moorings, moorings in the Rocks
area, and Hampton Harbor estuary show changes of at least 2 to 6 F
within 1 hr, 5 to 12 F within a tidal cycle (12.8 hrs) and 5 to 13 F
over a day (Figure 2.2-8). Even during the winter, such as January 17

to 31, 1976, rapid fluctuations over short periods of time have been
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Figure 2.2-8. Representative summertime hourly average temperature

data from the discharge site, the offshore intake
site and the Hampton Harbor estuary from August 17
to 31, 1976.
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observed at all of the NAI moorings (Figure 2.2-9). Data from the rest
of the year show comparable variability (NAI, 1977).

To further document the ambient variability of the waters
around the Inner and Outer Sunk Rocks, where concern has been raised
that backflushed thermal plumes could have an impact, late-summer
measurements of water temperatures in tide pools have showed ambient
At's of at least 2 to 7 F in September. Simiiarly, data taken from
continuous monitcrs closest to the Rocks area at the time of highest
annual tempevatures have showed ambient temperature differences (ambient
bottom versus Rocks area) of 2 to 18 F from either the nearshcre or
offshore intake sites (Table 2.2-2). In general, highest daily tamper-
atures occur during the ebbing tide and around low water in response to
flushi..g of the wsrm ebb-tidal plume out of Hamptnn Harbor estuary (see
example from June 19, 1975 in Figure 2.2-10). Ambient variability
around the Rocks is much greater than anticipated temperature rises from
plant operation, or even from the several hours of a typical backflush-
ing operation. Furthermore;at the times of maximum temperature rises at
the Rocks, flows most often are seaward which would tend to carry any
hackflushed waters away from the Rocks and minimize additional temper-
ature effects. Such variability is due to the continuous complex inter-
action of factors such as: discharge of local esu.aries, runoff, pre-
cipitation, winds, tides, storms, currents, upwelling, downwelling,

turbulence, and the estuarine thermal plume.

The projected temperature rises from operation of the Seabrook
Station circulating water system of 4 to 5 F or less within the mixing
zone are expected to be the same order o magnitude as or less than
presently existing ambient variability. Once in operation it appears
likely that, as the plant's thermal plume dissipates its heat tc the
atmosphere and is mixed by ambient currents, its far-fie'd latent
temperature will be almost impossible tc separate from ambient varia-
bility. Indeed the temperature data which hrve been collected over the
mere than *4 years of intensive studies show that the BTU output of

naturally heated waters from Hampton Haibor estuvary on a typical summer
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TABLE 2.2-2.

AMBIENT TEMPERATURE DIFFERENCES (F) BETWEEN ROCKS AREA

AND INTAKE SITES DURING PERIOD OF HIGHEST OBSERVED ANNUAL
TEMPERATURES IN 1973, 1974, 1975 AND 1976.
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Surface water temperatures (F) in Hampton Harbor estuary and
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day can be at least two to three times the equivalent amount of waste
which Seabrook Station would discharge in the same time period.

2.2.4.2 Mean Vertical Profiles

Mean temperature profiles from offshore slackwater survey
stations during 1975 are illustrated in Figure 2.2-11. Starting in
November and December with essentially homogeneous thermal conditions
from near surface to near bottom averaging around 46.4 to 48.2 F ,temp-
eratures dropped sharply in the early winter. Coldest temperatures
occurred during February, lagging about 30 days behind the minimum
atmospheric temperature observed during the year. At this time there
was also some thermal inversion of coastal waters, wherein the near-
surface temperatures were several degrees F colder than those at depth

because of radiational cooling.

From the isothermal conditions in March, the water column
showed a gradual warming trend as the spring season progressed (Figure
2.2-11). By May and June the development of the seasonal thermocline
was:well along. By mid-summer the coastal watzars showed a strong ther-
mal stratification with a variati~n of 13.3 to 14.0 F betwean near-
surface and near-bottom depths. Maximum r..ar-surface temperatures
occurred during August, lagging about 30 dzys behind the maximum atmos-
pheric temperatures ohserved during the year. During September and
early Octoler, the stratification broke down rapidly and temperatures

became more homogeneous from near surface to near bottom.

B Salinity

Salinity extremes occur in coastal waters where excess fresh
water discharged from the continents is mixed back into the ocean.

Typically ischalines tend to parallel the ocean boundaries, reflecting

dilution along the coast and greater net evaporation further ocut to sea
(Gross, 19,
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In general, water enterin; the Gulf of Maine is either:

1. Runoff from the continents,

s Rainfall, or

s Northwest Atlantic water (salinity about 34 °/oo;
Bigelow, 1927).

The fresh water is mixed with salt water in estuaries before it reaches
the Gulf of Maine proper or falls as rain across the Gulf. The salinity
of this estuarine water varies considerably, depending primarily upon
the size of the drainage basin. The largest source of freshwater run-
off in this portion of the western Gulf of Maine is the Merrimack River
(Manohar-Maharaj and Beardsley, 1973). Next largest is the Great Bay
System (including the Piscatagua River) followed by the Hampton Harbor
estuary; other nearby sources include the Parker River estuary, and
Essex River estuary (Figure 2.1-2). These estuaries typically release
waters as fresh as 20 °/oo, causing a well-defined coastal halocline
during much of the year. Offshore these waters pecome diluted with the
34 o/oo waters from the Northwest Atlantic.

2.2.5.1 Ambient Variability

Near-surface measurements from slack-water surveys have showed
offshore salinities to be generally quite uniform; however, in Hampton
Harbor estuary, values down as low as 20.9 °/oo have been observed (for
example September 29, 1975; Figure 2.2-12). These surveys have docu-
mented salinity variations of as much as 10 °/oo within the estuary over
a single tidal cycle; more typical variations were 2 to 6 o/oo between
tidal cycles (NAI, 1977).

Salinity measurements from the monthly plankton cruises have
documented far-field conditions to the north and south of Hampton Beach.
As with the slack-water survey data, near-surface measurements have

showed lowest salinities generaily in Hampton Harbor or off the mouth of
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the Merrimack River estuary (for example December 16, 1975 in Figure
2.2-13). Salinities at [ ‘2tions off Hampton Beach were generally

homogeneous.

Typical measurements made at the discharge site (Mooring 12)
during 1975 for near surface and near bottom at high water and low water
show that mean values for near surface were around 31 to 32 °/oo with
lowest values during the fall (28.5 °/oo in late September and 29.7 °/oo
in mid November). Near-bottom salinities were slightly higher and much
less variable, ranging from 31.0 to 32.8 °/oo. In general lowest salin-
ities were observed at low water, reflecting the influence of the ebb-
tidal flows from Hampton Harbor znd adjacent estuaries (NAI, 1975f).

2.2.5.2 Mean Vertical Profiles

Mean salinity profiles from offshore slack-water survey sta-
tions during 1975 further illustrate this annual cycle (Figure 2.2-14).
In December the water was essentially isohaline from near surface to
near bottom, averaging around 31.6 to 32.0 °/oo. Salinities increased
during the winter with near-surface values always being less than those
at depth. During March, Anril, and May, near-surface salinities dropped
sharply to 30.0 o/oo and lower, forming a distinct halocline. This
reflected the typical spring runoff of fresh water into the western Gulf
of Maine. During the summer months, salinities increased again but the
halocline was less evident. In September, October and November, in-
creased runoff reestablished the halocline again, showing surface-to-
bottom variations of up to 2.0 /oo (Figure 2.2-14). 1In the late fall
the onset of more-intense winter storms, in the absence of the seasonal
thermocline and decreased runoff, brought increased vertical mixing and
return to the isohaline conditicns of December.
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Figure 2.2-13. Surface salinities (o/oo) in Hampton Harbor estuary and adjacent
coastal waters on December 16, 1975, from plankton cruise measure-
ments.
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2.2.6 Seasonal Water Mass Classification

During the spring, summer and early fall, the upper portion of
the water column is warmer and less saline than waters at depth because
»f radiational heating and runoff. In the late fall the waters are more
homoger.eous from surface to bottom, whereas, in the winter the upper
part of the water column is actually slightly colder than at depth

because of radiational conling.

This annual progression or cycle is primarily manifested in
the ambient variations in temperature and salinity which help to define
six distinct water masses over the course of the year as follows (Fig-
ures 2.2-15 to 17 and Table 2.2-3):

I. DECEMBER WATER MASS

Beginning in December, waters in the study area typically show
a vertical homogeneity from near surface to near bottom. Temperatures
range from 40.6 to 44.5 F (4.8 to 7.0 C) and salinities average from
31.1 to 33.2 °/oo. This vertical uniformity probably results from
atmospheric cooling and vertical mixing of the water column associated
with breakdown of the seasonal thermocline, shallowing of the halocline

and increased intensity of major storms as the winter season begins.

II. WINTER WATER MASS

From January through March both near-surface and near-bottom
waters undergo pronounced cooling down to 41.0 to 35.6 F. Through much
of the winter, near-surface temperatures are slightly cooler than those
of near-bottom waters. resulting in a weak reversed or negative thermal
stratification. Coldest temperatures generally occur during January and
February, lagging about 30 days behind the minimum atmospheric tempera-

tures observed during the year. Salinities remain about the same as in
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TABLE 2.2-3.

WATER MASS
December Water

Winter Water
(January to March)

Spring Transitional Water
(March to June)

Summer Surface Water
(June to September)

Bottom Water
(April and May)
(June to Septemb=r)
(October to November)

Fall Transitional Water
(September to November)
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the Decemher Water Mass (31.1 to 33.5 o/oo). Thus at this time of the
year, coastal waters are well-mixed both horizontally and vertically.

III. SPRING TRANSITIONAL WATER MASS

Freshwater runcff, coupled with atmospheric heating and
decrease in storm frequency, causes major changes in the temperature and
salinity characteristics of the near-surface waters whereas only minor
effects are observed in the deeper waters. In March, the development of
the surface layer is typically initiated by an increase in freshwater
runoff which lowers salinity in the surface waters and promotes stabili-
zation of the water column. The characteristics of the Winter Water
Mass are maintained in the deep water as the Transitional Water Mass
develops. In early April, ztmospheric warming promotes development of
the annual thermocline. Initially, the depth of the thermocline coin-
cides with éhe depth of the halocline, suggesting that the warming of
the surface waters occurs after the surface layer has been established
by river runoff. The gradually rising temperatures average 39.2 to 50.5
F with highest values in June. Salinities show a marked decrease from
those of the Winter Water Mass, down to 27.7 to 31.0 °/oo. This results
from spring ruroff and leads to the development of a sharp halocline
which typically is most pronounced during May. During periods of high
estuarine discharge, salinities also tend to show a gradient perpendic-
ular to the shoreline; i.e., salinities increase with increasing dis-

tance offshore.

IV. SUMMER SURFACE WATER MASS

During late car-surface salinities begin to increase
again after the peak 3 runoff has passed. By June the thermo-
cline and halocline coincide again and the Cummer Surface Water Mass
becomes established. Temperatures show a sharp increase over those of

the Spring Transitional Water Mass (53.2 to 68.5 F). Maximum tempera-
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tures generally occur during August, lagging about 30 days behind the
maximum atmospheric temperatures observed during the year. Salinities
show an average rise of about 1 o/oo over those of the Spring Transi-
tional Water Mass (up to 28.0 to 32.0 °/0o). This salinity increase is
primarily due to decreased freshwater discharge to the Gulf of Maine and
increased evaporation. By late summer the thermocline continues to

deepen; whereas, the halocline gets shallower again.

V. BOTTOM WATER MASS

The Bottom Water Mass is observed from April through N>vember
but typically can be divided into three phases which correspond closely
to the various Surface Water Masses. April and May typically show a
warming trend (38.5 to 43.2 F) and moderate salinities (29.9 to 32.2
o/oo). From June to September temperatures increase to 44.2 to sa.z2r
but salinities remain about the same (30.9 to 32.4 °/oo). During Octo-
ber and November temperatures decrease again (51.4 to 45.3 F); whereas,

salinities increase to 32.2 to 32.9 °/oo.

VI. FALL TRANSITIONAL WATER MASS

Development of this water mass generally occurs when the
halocline is reestablished by a secondary pulse of freshwater discharge
into the Gulf of Maine. By this time of the year, the progressive break-
down of the thermocline is brought on by increased major storm activity
and vertical mixing. Temperatures decrease from 55.4 to 44.2 ¥ and
salinities decrease to 30.8 to 32.0 o/oo (Table 2.2-3). By November
there is no thermal stratification and the halocline becomes shallower
again. By December maximum homogeneity is evident throughout the water
column with no distinguishable surface layer. Thus, the development and
maintenance of the surface layer is a result of low salinity wate: being
discharged from the estuaries, rather than the presence of a thermoc-
cline. The freshened surface layer persists in the fall, even though

there was a lack of thermal stratification.
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2.2.7 Dissolved Oxygen

The monthly slack-water surveys and plankton cruises have
documented the dissolved oxygen conditions in coastal waters. For
example, measurements made at the discharge site (Mooring 12) during
1975 for near surface and near bottom at high water and low water are
presented in Figure 2.2-18. Highest values were obscrved during the
late winter, spring and early summer (about 9.0 to 11.6 mg/l); whereas
lowest values occurred during the fall (down to 7.0 mg/l in November).
No consistent pattern was observed between tidal stage or water depth,
suggesting that dissolved oxygen follows a seascnal cycle related to
planktonic photosynthesis, temperature and salinity; but at any given
time of year, it is essentially homogeneously distributed.

The percentage saturation of dissolved oxygen for Mooring 12
over the same time period is also summarized in Figure 2.2-18. During
the winter and spring, concentrations gradually rose frox about 90% to
around 105%. Over the summer, near-surface waters were highly super-
saturated (up to 120%); whereas, near-bottom waters were generally
undersaturated (down to 90%). Lowest concentrations were in November
(near bottom down to 75%;. Again no consistent difference between tidal

stage or water depth values was observed.

2.2.8 Sedimentoiogical Conditions

2.2.8.1 Sea-Floor Stability

Measurements of the exposed heights of paired sediment stakes
at eight locations off Hampton Beach have provided data on relative
bottom stability and possible sediment transport over more than three
years of monthly observations (NAI, 1975f and 1977a). All of the sedi-
rent stakes have documented numerous erosional and depositional cycles
of up to 9 in.or 22.9 cm but these have generally resulted in little net

change at most locations. The most pronounced changes have been asso-
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ciated with northeast storms when strong near-bottom currents and large
waves affect the sea floor; however, the storm effects are compensated
by transport processes which tend to accumulate sediment under non-storm
conditions. Thus the sea floor off Hampton Beach appears to be in a
state of dynamic equilibrium.

2.2.8.2 Suspended Sediments

The suspended load of particulate matter in offshore waters is
largely the result of: discharge of suspended sediments from freshwater
runoff; resuspension of tidal-flat sediments by wind, wave activity,
and subsequent seaward transport out of estuaries; and biological
growth. Total particulate concentrations off the New Hampshire coast
from the mouth of the Piscataqua River to the 500-ft coatour in Jeffi.ys
Basin, as measured during 1971 anu 1972, showed large fluctuations; but
in general, the winter months had the highest concentrations and the
summer months the lowest (Ward, 1972). Highest organic concentrations
were often seen during increases in total particulate concentrations,
excluding the phytoplankton blooms, indicating that the increase in
particulate concentrations can be largely attributed wo inorganic
sources. Generally about 35% of the total particulate matter was of an

organic source.

According to Shevenell (1974), turbidity in the coastal shelf
waters is characterized by a near-surface zone and a near-bottom zone of
increased turbidity during times of density stratification in the water
column. When this density stratification broke down, an offshore gradi-
ent in turbidity was observed. The dispersion of sediment-rich estua-
rine waters into the coastal shelf waters was controlled by the density
gradient between the two water masses. Data on light transmission
showed near-surface and near-bottom turbid zcies during most of the year
with a middle zone which had much less suspended material. From these
data, it appears that the surrace turbid layer is primarily due to

phytoplankton and tc a lesser extent to particulate matter from estua-
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rine discharge. This latter component was not readily noticeable during
the summer months. The bottom turbid zone is primarily due to re-
suspension of bottom sediments by scouring associated with water cur-

rents and long-period wave action.

2.2.9 Hampton Harbor Estuary

2.2.9.1 Sedimentological Conditions at the Inlet

The Hampton Harbor estuary inlet was subject to northward and
southward migration in response to coastal storms; but in the early
1930's, it was stabilized at its present location with breakwaters
constructed by the U.S. Army Corps of Engineers. Depths in the main
channel are somewhat variable due to shifting sands, storm effects, and
periodic maintenance dredging. In general it is about 20 to 30<ft deep
(at MLW) at the Route 1A Highway Bridge and shcals considerably a short
distance to the east to about 6-ft deep (at MLW) in the main navigation
channel. The shallow 3 to 4-ft deep (at MLW) sand bar or "sill" stretch-
ing from the northern breakwater to the Inner Sunk Rocks is formed by
sand eroded from Hampton Beach and transported southward by the littoral
longshore drift, especially during storms. This channel requires rou-
tine dredging every year to keep it open.

2.2.9.2 Turbidity

During the fall of 1975 NAI conducted a special study to
determine ambient turbidity levels in Hampton Harbor estuary under
varying oceanographic and meteorologic conditions (NAI, 1976e). The
mean turbidity reading in the main harbor near the proposed barge land-
ing site on September 17, 1975 under normal or relatively "calm" coudi-
tions was 1.43 FTU's (Formazin Turbidity Units). After the northeast
storm of October 18 t- 21, 1975, the mean turbidity was 3.92 FTU's, an

increase of 2.73 times. Likewise, the control station in the Blackwater
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River showed post-storm turbidity 1.86 times that of calm conditions.
However, near the proposed plant site south of the Browns River, tur-
bidities (as high as 36.0 FTU, measured with the Hach turbidimeter)

showed no relationship at all to storm events.

Results of this study showed that there was generally a two-
to three-fold increase over "calm"-condition turbidity levels in Hampton
Harbor estuary following a coastal storm lasting several days. In
general, turbidity appears to be inversely related to the stage of tide.
During high tide, turbidity levels are lower, possibly due to the
influence of less-turbid offshore water; whereas, at low tide turbidity
levels tend to jncrease. This relaticonship was most apparent at the
Browns River site. Ambient turbidity levels as high as 36 FTU's and 72
mg/l total non-filterable residue were measured within the upper reaches
of the astuary. During stormy periods especially in the winter, ele-
vated turbidity levels such as these have been seen to persist for weeks
at a time both in Hampton Harbor and offshore.

2.2.9.3 Tidal Hydraulics

Under natural conditions, current speeds at the estuary irlet
range from about zero to as much as 2 to 3 kn on spring tides; maximum
flow through the inlet may reach nearly 18.0 x 106 gal/min (gpm) or more
than 40,100 ft3/sec (cfs). The average flow on a typical flooding tide
is about 9.8 x 106 gpm or 21,835 cfs. Over a period of 12 hrs and 30
min, under typical conditions, about 3.7 x 109 gal of water first enters
and then leaves the estuary on one flood and ebb tide cycle. At low-
water slack tide, a mean of approximately 500 x lO6 gal of water is
estimated to remain in the estuary. Thus, the total average flood tide
volume of the estuary is approrimately 4.2 x 109 gal. Expressed on a
percentage basis, about 88% of the estuary volume leaves and returns on
each ebb and flood tide cycle. At low-water slack tide, the estuarine
residual is approximately 12% that of the total volume of the basin.
Only about 6% of the ebb tidal plume returns to the estuary on the next
tidal cycle (EBASCO, 1969).
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2.2.9.4 Patterns of Tidal Flow

As has been previously described, there is a pronounced sea-
sonal variability retween the waters of the Hampton Harbor estuary and
the adjacent ocean waters of the western Gulf of Maine. In the summer,
the estuarine waters are generally warmer and fresher than the ambient
ocean waters offshore because of solar radiation and land runoff. 1In
the winter, the estuarine waters are generally colder than offshore
waters due to solar insolation, but are still fresher because of land
runoff. The general, circulation and flow pattern of these waters can be

summarized as follows (Figure 2.2-19):

I. EBB TIDE

Curing ebb tide, in the absence of storms and wind-stress
effects, coastal waters off Hampton Beach seaward of the Outer Sunk
Rocks generally flow southward or southwestward parallel to the coast at
about 0.2 to 0.3 kn. Storms and periods of high winds may cause strong
wind-driven flows that can mask these weak southerly ebb-tidal currents,
resulting in sustained northerly or southerly flows that can persist for
days.

Ebb-tidal currents from the estuary flow through the inlet
(slightly southeastward), reaching speeds in excess of 2 to 3 kns due to
the constriction caused by the breakwaters. The sill to the north of
the inlet causes most of the water flushing out of the estuary to flow
through the dredged navigation channel and southeastward, where it
generally forms a distinct near-surface plume in the offshore ambient
ocean waters. As noted previously, this plume is comprised of less-
dense warm and fresh water during the summer and less-dense fresh and
cold water during the winter. Some of the estuarine water flows north-
ward across the sill toward the Outer Sunk Rocks, but it is a small
portion of the total ebb-tidal prism. Current flows at the proposed
nearshore intake site are generally weak (0.l to 0.15 kn) and toward

the northeast during this phase of the tide.
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from the residual ebb-tidal plume have been carried back into the estu-
ary, most of the water has actually been drawn from depth at .the harbor

mov~h.

IV. HIGH WATER

As during low water, the period of high water and any attend-
ant “"slack" current condition generally occurs about 15 to 30 min
earlier offshore than in the estuary. Near-surface waters from the
estuary begin to ebb seaward, while flood-tidal currents at depth
continue to intrude landward.

V.  ENTRAINMENT EFFECTS

A relatively small portion of the <%b~tidal plume flushed out
of the estuary would move northward where it would be subjected to
entrainment by the proposed nearshore intake for the Seabrook 3tation.
During the flood-tide, proportionately more water entering the estuary
would be subjected to entrainment; but it is still only a small portion
of the total flood-tidal prism of the estuary. No entrainment of water
destined to enter the estuary would occur at the offshore intake site
because of the site's distance offshore and depth.

2.2.9.5 Probability of Estuarine Entry of Coastwise Drifting
Organisms

During the summer of 1975 NAI conducted several special
studies to provide additional information on the potential entrainment
impact of either of the proposed Seabrook Station int.kes on the plank-
tonic organisms found in the coastal waters off Hampton Beach (NAI,
'975b). The larvae of the soft-shelled clam, Mya arenaria, which are

available in the near-shore waters for recruitment to the various estu-
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The results of these special studies demonstrate that no
unique current streamlire persists between any of the transect release
points and any estuary. Although projzcted entrainment of M. arenaria
larvae which might have othecwise entered Hampton Harbor would be low
anywhere along the Intake Transe>t; from the drifter releases, the off-
shore intake site appears to be one where such entrainment losses would
be minimized relative to sites either further offshcre or closer to
shore. For a continuation of discussion of entrainment impacts see bio-

logical section 5.3.

2.3 MARINE COMMUNITIES

2% Introduction

In general, marine plants and animals are highly evolved but
comparatively simple organized forms, reflecting an evolutional history
of more than 600 million years. The distribution and habits of marine
biota are distinctly different from =iose of terrestrial biota, primar-
ily due to: 1) the buoyancy of water, and 2) the lack of deep penetra-
tion of light (to 15 m or less in coastal areas, depending on the amount
of suspended matter). The predominant plant life are algae, taking the
form of either tiny cells or massive fronds of simply organized tissues
(the "seaweeds"). The richness of animal life in the sea is well known.
Of the nineteen or so widely recognized animal phyla, all except one or
two are found in the sea; five of the phyla (Brachiopoda, Chaetognatha,
Phoronida, Pogonophora, Echinodermata) are exclusively marine. The
three most highly evolved groups (Mollusca, Arthropoda, Chordata) are

well represented.

Although the greatest density and variety of sea life is to be
found nearest the continents, even these coastal areas are not evenly
populated. Pelagic organiems (those which drift or swim freely in the
ocean) are directly, or indirectly through food requirements, required

to follow the movements of water masses. Benthic (bottom-dwelling)
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organisms are typically strongly associated with a particular substrate

type, such as rcck or sand.

Sea organisms are often considered to be delicate and fragile,
however, in their home environment, they are, to the contrary, rugged
and resilient. Most have prodigious powers of repopulation so that the
loss of even a great many individuals may be of little consequence to
the population at large. Of the many marine species which have survived
epochal change (ice ages, continental drift, magnetic field reversals,
etc.), there are few which lack considerable defenses against fluctu-

ating environmental conditions.

In the following sections, those marine organism assemblages,
represented in the general vicinity of sites to be used for Seabrook
Station cooling water intake and discharge siructures, are described.
The categories in which they are treated reillect their distribution and
habits (i.e. plankton, benthos, and nekton).

- W Plankton

2.3.2.1 Phytoplankton

Phytoplankton are the microscopic primary producers cf the
sea. They exist either as single cells or as groups of cells. As
primary producers, they fix solar enz2rgy into chemical energy and, thus
constitute the base of the marine food web. Phytoplankton serve direct-
ly as food for herring-like fishes, including alewife and menhaden. The
movement and distributicn of plankton are primarily dependent upon ocean
currents. They are not capable of making sustained swimming movemeunts

against a current.
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I. NET PHYTOPLANKTON

The phytoplankton are best known from net collections. Net
phytoplankton typically undergo periods of peak abundance in late spring
and, agaia, in fall. These "blooms" are closely tied to availability of
light and rlant nutrients (e.g., phosphorus and nitrogen compounds) ,
which are, in turn, generally associated with seasonal patterns of
thermal stratification and destratification (mixing) of the water

column.

The net phytoplankton in the study area are overwhelmingly
dominated by diatom species; for example, of approximately 115 species
or genera identified from net phytoplankton collections in 1975-76, 96
were diatoms. Large, armored dinoflagellates make up the next most
important group; there were nine dinoflagellate species in 1975-76
collections. These two groups predominate in net collections not nec-
essarily because they are more numerous or represent the greater portion
of the biomass, but because they are large and have spiny structures, or
form chains, so tha* they are easily caught. Diatoms and armored dino-
flagellates are also relatively easy to preserve and their distinctive

structures (which retard sinking) make good recognition characters.

Table 2.3-1 ranks the more abundant net phytoplanktor in the
vicinity of the proposed intake and discharge site. It is readily
apparent that the genus Chaetoceros (all the members of which are chain~-
formers and have long spines) predominates. Thalassiosira, and some-
times Detonula confervacea, have also been numerically important, par-
ticularly during the early spring. The two Ceratium species are mid-
summer to fall dominants, while Rhizoselenia alata is strictly a fall
dominant. The temporal abundance and distribution of Skeletonema cos-

tatum is discussed in Section 5.1.2.
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TABLE 2.3-1, RELATIVE REPRESENTATION OF NET PHYTOPLANKTON IN THE
VICINITY OF HAMPTON BEACH, NEW HAMPSHIRC.

SPECIES ABUNDANCE RANK
1975-76 1974-75 1972-73

Chaetoceros debilis (B) 1 1 1
Chaetoceros furcellatus (B! 2 ND* ND*
Chastocerous cumpressus (B) 3 ND* ND*
Thalassiosira nordenskioldi (B) - 5 4
Chaetocercs lacinosus (B) S ND* ND*
Chaetocercs affinis (B’ 6 2 ND*
Chaetocerous brevis (B) 7 ND* ND*
Chaetocerous spp. (B) 3 ND* "
Chaetocerous diadema (B) 9 ND* ND*
Rhizosvlenia alata (B) 10 10 ND
Nitzchia seriata (B) 11 ND ND
Chaetoceros decipiens .B) 12 8 ND*
Skeletonema costatum (B! 13 <4 3
Ceratium tripos (D) 16 ND 23
De“onula confervacea (B) 18 6 ND
Ceratium longipes (D) 21 7 p & 3

3 = Diatom

D = Dinoflagellate

ND = No Data

*

= systematic separation of Chaetocervs spp
varied from year to year
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IT. NANOPLANKTON

The term nanoplankton is used to describe that fraction of the
plankton which passes through a fine mesh net (mesh size: 50 to 65 um).
The size range has never been precisaly defined, and depends largely on
the author. Organisms which comprise this category represent a wide
variety of taxa, some of which are difficult to distinguish because of
their small size and general lack of recognition characters. Nevertheless
the nanoplankton ¢ften represent a considerable portion of the biomass
(especially in summer) and contribute significantly to measurss of

primary production (e.g., Carbon 14 uptake).

Certain nanoplankters, such as the flagellates Isochrysis
galrana and Monochrysis lutheri are staples in the diet of cultured
bivalve molluscs; others such ws Gonyaulax tamarensis are toxic. 1In
addition, certain "net" phytoplankters will escape to the nanoplankton
when cell size has substantially diminished. These cell diminutions are
the result of segquential divisions and will »c-ur until the organism
produces an auxospore, which then forms into a full- <.zed cell, allowing

the process to begin all over again.

2.3.2.2 Invertebrate Zooplankton

I. Holoplankton

Holoplankters are animal organisms which spend their entire
life cycle drifting in the water column. From the standpoint of numer-
ical abundance, usually the same 8 to 12 species of copepod crustaceans
characteristically comprise 60 to 20% of all planktonic animals in the
New Hampshire coastal area. Most of these ubiquitous copepod species
belong to the calanoid (i.e., Calanus-like) group. Of the 13 most abun-
dant holoplankters in the vicinity of the proposed cooling-water intake
and discharge site, nine ar® calanoids. The thirteenth species on the
list, Tortanus discavdatus, is a carnivorous coperod; all other spacies

listed in Table 2. :~) are herbivores or omnivores.



TABLE 2.3-2. RELATIVE REPRESENTATIOM OF HOLOPLANKTERS

IN THE VICINITY OF HAMPTON BEACH, WEW HAMPSHIRE

SPECIES

Oithona similis (Cy)
Pseudocalants minutus (Ca)
Microsetella ncrvegica (H)
Centropages typicus (Ca)
Temora longicornis (Ca)
Calanus finmarchicus (Ca)
Eurytemora herdmani (Ca)
Evadne spp. (Cl)

Acartia longiremis (Ca)
Podor: spp. C1l)

Acartia tonsa (Ca)
Metricdia lucens (Ca)
Tortanus discaudatus (Ca)

Cladoceran
No Dats

CRETIRS

Calarnoid copepod
Cyclopoid copepod
Harpacti.oid copepod

1975-76

WO 2OV E wWwN -

ABUNDANCE RANK

1974-75

-

oguogm4hmuguv—'

1973-74

=

1972-73

zzgzznuoamomw
oo O o
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Among the various other holoplanktonic groups only the herbi-

vorous cladocerans ("water fleas", rank with the copepods in numerical
importance. Other, less numerous, members of the holopiankton include:
1) predators, such as, Sagitta spp. ("arrow worms"), Aurelia aurita

(the "moon jelly") and ctenophores ("comb jellies"), and 2) the largest-
bodied animal group associated with the zooplankton, the euphausiids
("krill") which are a key component in the diet of marine birds and

mammals, as well as many economically important finfish.

II1.  MEROPLANKTON

This category refers to animal organisms which are planktonic
only during the early life stages. Included are embryos and larval
stages of most benthic animals (see Section 2.3.3). The eggs and
larvae cf finfish are also included in this category of plankton.
However, they are collectively termed ichthyoplankton (see Section
2.3.2.3). Table 2.3-3 presents the more abundant groupings in order of
numerical importance. Particular significance is attached to the larvae
of economically important bivalve molluscs, such as: the soft-shelled
clam, Mya arenaria; mussel, Mytilus edulis and the sea scallop, Placo-
pecten magellanicus. Larvae of M. edulis numerically dominate the
bivalve group. Brachyuran (crab) larvae are occasionally numerically
important. Crab zoea of the common rock crab, Cancer irroratus fre-

gquently occur in large numbers in early summer plankton collections.

IIT.  TYCHOPLANKTON

The tychoplankton consists of organisms which temporarily
inhabit the water column when they are swept from the sea bottom by
storm surges or actively migrate up into the water column to feed
(usually at night). Mysids (e.g., Neomysis americana), cumaceans (e.g.
Diastylis polita), isopods, amphipods, and certain decapods, such as the

sand shrimp, Crangon septemspinosa comprise tils often overlooked plank-
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TABLE 2.3-3. RELATIVE REPRESENTATION OF MERCPLANKTERS N THE
VICINITY OF HAMPTON BEACH, NEW HAMPSHIRE.

TAXONOMIC GRCUPINGS ABUNDANCE RANK
1975-76 1972-73
Bivalve veligers 1 1
Gastropod veligers 2 2
Polychaete larvae 3 -
Cirriped (barnacle) nauplii 4 3
Echinoderm larvae 5 7
Cirriped (barnacle) cyprids 6 5
Gastropod eggs 7 ND
Polychaete trochophores 8 6
Bryozoan cyphonautes larvae 9 ND
Epicardean larvae 10 ND

ND = Nc Data




ton category. 3ecause of their relatively large body size, the tycho-
plankton may add substantially to the biomass and numbers of other
plankton groups on an intermittent basis.

2.3.2.3 Ichthyoplankton

Fish eggs geners.!y demonstrate a definite seasonal pattern in
New Hampshire coastal waters, with high densities during spring and
early summe - and low densities during winter. While fish eggs repre-
senting approximately 14 species have been collected in the nearshore
zone since 1972, five species generally account for over 90% of the
total (Table 2.3-4). Cunner eggs, by far the must abundant type, are
dominant during June and July. Other summer dominants include eggs of
American plaice, hake, fourbeard rockling and mackerel. During fall and
winter the most abundant eggs are those of the cod/haddock complex, and
those of pollock. Spring dominants include American plaice, cunner,
cod/haddock and rockling eggs.

Fish larvae are present in approximately equal numbers through-
out the year except for low densities in early fall. Although 33 larval
species have been collected, seven of these generally account for over
90% of the total number of larvae. Sand lance larvae, which are abun~-
dant during winter and early spring, are usually the most abundant type
(Table 2.3-4). Other spring dominants include seasnail, American plaice,
radiated shanny, and winter flounder larvae. Summer dominants are
larvae of cunner, witch flounder, and fourbeard rockling. Larvae col-
lected in late fall and early winter are almost exclusively those of

herring and pollock.

Periods of egg or larvae maximum density for each sg2cies are
relatively short-lived and timing of these periods varies slightly from
year to year. Thus sampling events may coincide with peak density of a
particular species one year, but not other years. This accounts for the

variability in rank among years shown in Table 2.3-4, and, although this
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TABLE 2.3-4. SPECIES RANK FOR ICHTHYOPLANKTON BASED ON CATCH IN MIDWATER PLANKTON TOWS.

SPECIES

EGGS

Labridae/Limanda
Hippoglossoides platessoides
Gadus/Melanogrammus
Urophycis spp.

Enchelyopus cimbrius
Scophthalmus aquosus

Scomber scombrus

LARVAE

Ammodytes americanus

Clupea harengus
Tautogolabrus adspersus
Liparis

Hippoglossoides platessoides
Enchelyopus cimbrius
Glyptocephalus cysoglossus
Pollachius virens

COMMON NAMES

Cunner /yellowtail flounder
American plaice
Cod/haddock

Hake

Fourbeard rockling
Windowpane

Mackerel

Sand lance
Atlantic Herring
Cunner

Seasnaiil

American plaice
Fourbeard rockling
Witch floundex
Poll._ck

ND = No Data

1975-1976
% OF
RANK TOTAL
1 59
2 13
3 10
4 6
5 5
6 2
7 1
% OF
RANK TOTAL
1 37
2 16
3 H
1 8
5 8
6 5
| a
8 2

1974-1975
RANK

RANK

—
VO d N WN O -~

NSNS WU -

1973-1974
RANK

WLOON L Q-

RANK

18-0°2
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rank may vary from year to year, the species discussed above are the
dominant ichthyoplankton species in New Hampshire coastal waters.

L33 Benthos

2:3:3.1 Benthic Faunal Communities

I.  SUBTIDAL COMMUNITY

The area of the proposed Seabrook Nuclear Station discharge
and intake structures is composed of three basic substrate types: rock-
ledge, cobble (rocks less than 6" in diameter) and sand (see Figure 2.1-4).
The distribution and composition of the benthic faunal communities is
determined primarily by substrate type and secondarily by depth. This
substrate heterogeneity is a major component of the natural variability
found within the shallow subtidal benthic communities along the New
Hampshire coast.

The rock ledge and cobble substrate areas are a mosaic of
rocks, ledge, gravel and sand, each with an associated faunal assemblage.
Those species considered hard substrate (rock-ledge, cobble) dominant
fauna, form a ubiquitous group of epifaunal species associated with hard
substrate to at least 80 f~ . below mean low water (Tables 2.3-5 and
2.3-6). In addition to the large ubiquitous group of dominant fauna
there arz smaller hard substrate species groups distributed within

narrower depth ranges.

The faunal composition on subtidal sand substrate areas is
determined primarily by the grain size of the sediments. Generally the
sand substrate areas are composed of fine sand, moderately to well
sorted. However, there are small patches of gravel with a 2 to 4 inch
overlayer of sand located in the area of the proposed intake. Each of

these substrates has an associated faunal group (Table 2.3-7).



TABLE 2.3-5. SUBTIDAL HARD SUBSTRATE SPECIES IN THE VICINITY OF THE

PROPOSED INTAKE AMD DISCHARGE SITES, NUMBERED ACCORDING

TO RANK ORDER OF ABUNDANCE.

Spirorbis spirillum
Mytilidae spat

Lacuna vincta
Pontogeneia inermis
Jassa falcata
Ischurocerus anguipes
Balanus balanus
Hiatella spp.
Spirorbis borealis -
Caprella septentrionalis
Idotea phosphorea
Molgula sp.
Pleusumetes glaber
Asterias spp.

1975-1976

WO SO WUdwWwN e

NC = None Collected

APRIL
1975

AUGUST
1974

,e el
VNSO WO NS

-

wh o

SUMMER
1972

NEREBELOwB o

w
O N B

2.0-83



TABLE 2.3-6. SUBTIDAL COBBLE SUBSTRATE DOMINANT SPECIES IN THE

VICINITY OF THE PROPOSED INTAKE AND DISCHARGE SITES.

NUMBERED ACCORDING TO RANK ORDER OF ABUNDANCE.

Unciola irrorata
Hiatella spp. .
Cerastoderma pinnulatum
Leptocheirus pinguis
Spirorbis spirillum
Euchone rubrocincta
Corophium crassicorne
Pontogeneia inermis
Euclymene collaris
Spirorbis borealis -
Asterias spp.

Balanus balanus -
Tonicella ruker
Strongylocentrotus droebachiensis
Tharyx spp.

NC = Not Collected

75-76

WO, EwWwN -~

AUGUST
74

4
NC
21
20

9
NC
NC
15
NC
NC
22
25

3

8
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TABLE 2.3-7. SUBTIDAL SAND SUBSTRATE SPECIES IN THE VICINITY OF THE
PROPOSED INTAKE AND DISCHARGE SITES, NUMBERED ACCORDING

T RANK ORDER OF ABUNDANCE.

Acanthohaustorius millsi
Tellina agilis
Protohaustorius deichmannae
Psammonyx nobilis
Echinarachnius parma
Spirorbis spirillum
Leptocuma minor
Clymenella torquata
Spisula solidissima
Stenelais limicola
Unciola irrorata
Arctica islandica
Diastylis polita
Mytilidae

Aricidea spp.
Edwardia elegans
Spiophanes bombyx
Pontogeneia inermis
Tharyx sp.

Eucylmene collaris
Jassa falcata
Myriochele heeri
Ischyrocerus anguipes
Scoloplos fragilis
Siligqua costata

Ensis directus

1975-1976

WO W»EWwN -~

NC = Not Collected

SUMMER
1975

EoBBovBuf

-
—

eoBBEERERAEL-B88 5

APRIL
1975

%ﬁmﬁw%&ﬁmqu%ouﬁgggﬁg4%555
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The variability in the density of individual species and the
number of species is due to breeding cycles and recruitment periods and
the emmigration and immigration of major fish and crustacean predators
into and out of the area. Spawning and recruitment occur during all
seasons of the year, primarily during the spring with a moderate decrease
in numbers per species during the summer and fall. The major predators
(lobsters, crabs, cunner, pollock, cod, winter flounder) are generally
present in high abundances during the spring and summer months. During
the winter, fewer species spawn and recruit and most of the major pre-
dators leave the area. 1In general, the bioclogical activity within the
benthic community is correlated to water temperature trends, activity
decreases as the water temperature decreases during November and increases

as che water temperature increases duringy March-April.

IT. [INTERTIDAL

The distribution and composition of the intertidal benthic
faunal communities is determined primarily by substrate type and second-
arily by adaptation to those physical parameters associated with tidal
height, i.e. length of immersion, fluctuations of water temperature and
salinity and wave action. In general, densities and numbers of species
decrease on both hard and sand substrates with increasing distance above
mean low water (Tables 2.3-4 and 2.3-10). Seasonal fluctuations in the
number of species and density of individual species is determined by the
breeding and recruitment cycles of the dominant species and by physical

removal due to wave and storm activity.

[1I. MEIOFAUNA

Meiofauna are benthic animals which pass through a 1 mm mesh
screen but are retained at 63 um. Studies of these key organisms in the
energy cycle, in the vicinity of the proposed cooling-water intake and

discharge site, began in 1975. So far, a total of 29 taxonomic group-
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TABLE 2.3-8. INTERTIDAL HARD SUBSTRATE DOMINANT SPECIES AT HIGH
(+8.5 FT), MID (+#4.2 FT) AND LOW (O FT) TIDAL LEVELS
IN THE VICINITY OF THE PROPOSED INTAKE AND DISCHARGE

SITES.
JUNE MARCH DECEMBER SEPTEMBER

HIGH 1976 1976 1975 1975
Littorina littorea 1 < 1
Littorina obtusata 2 1
Mytilidae spat 3
Balanus balanoides 2
Mytilus edulis 4
Gammarellus angulosus -
Carcinus maenas 3

JUNE MARCH DECEMBER SEPTEMBER

MID 1976 1976 1975 1975
Balanus balanoides 1 1 1 1
Hyale nilssoni - 6 6 2
Mytilidae spat 2 3 2 3
Littorina obtusata 3 2 3 4
Oligochaete 5 7 L 5
Littorina littorea 6 - - 6
Probursa veneris 7
Jaera marina 7 8
Nucella lapillus 8 9
Gammarus oceanicus 10
Hiatella spp. 7
Littorina saxatilis 8
Fabricia sabella 5

Mysella planulata 9




TABLE 2.3-9.  INTERTIDAL SAND SUBSTRATE DCMINANT SPECIES AT HIGH
(+8.3 FT), MID (+4.2 FT) AND LOW (O FT) TIDAL LEVELS
IN THE VICINITY OF THE PROPOSED INTAKE AND DISCHARGE

SITES.

MID

Scolelepis sgquamatus

Nereis diversicolor-virens

Mytilidae spat

LOW

Oligochaeta

Scolelepis sgquamatus
Amphiporeia virginiana
Lacuna vincta

Caprella septentrionalis
Jassa falcata

Idotea phosphorea
Ischyrochrus anguipes
Jaera marina

Caprella andreae

JUNE
1976

JUNE
1976

MARCH
1976

~

MARCH
1976

DECEMBER
1975

DECEMBER
1975

NOoOVesE WwN-

SEPTEMBER
1975

SEPTEMBER
1975

1
2
3
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ings have been identified, the major categoriss of which are shown in
Table 2.3-10. The Corallina officianalis to which the table refers is a
very common crustose aigae whose holdfasts offer a great variety of
microhahitats to these tiny animals. Among the major organism cate-
gories, the harpacticoid copepods (Table 2.3-11) are particularly note-
worthy as they are a major component in the diet of many ground feeding

fish.

2.3.3.2 Benthic Macroaigal Community

The benthic macroalgal community oa rocky substrates in the
offshore coastal Hampton-Seabrook study area (Table 2.3-12) consists
of several dominant perennial species with the intermittent occurrence
of certain annuals. The major associations are distributed vertically
in overlapping bands, their distribution depending primarily on their
particular light requirements and secondarily on their temperature and
submersion requirements. Standing crop and numbers of taxa also show a
vertical orientation with maximum values distributed around MLW.
Because of their perennial nature, the major algal associations along
with their standing crop and numbers of taxa remain generally constant
over time; fluctuations are due to the occurrence of annual species and

periods of maximum growth and recruitment of all species.

2.3.4 Nekton

Nekton are large bodied organisms capable of directing their
own body movements over long distances; this contrasts with the plankton
which have a limited capability of directing their movements indepen-

dently from drifting water masses.
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TABLE 2.3-10. COMMON MEIOFAUNA INVERTEBRATE TAXA FOUND IN
OCEANIC AND ESTUARINE SOFT SUBSTRATE SAMPLES

AND/OR IN CORALLINA OFFICIANALIS HOLDFASTS.

Nematoda
Harpacticoida
Bivalvia
Polychaeta
Ostracoda
Gastrotricha
Halacaridae
Turbellaria
Tardigrada
Archiannelida

TABLE 2.3-11. COMMON HARPACTICOID COPEPCD SPECIES FOUND IN
OCEANIC SOFT SUBSTRATE SAMPLES AND/OR IN
CORALLINA OFFICIANALIS HOLDFASTS.

Thompsonula hyaenae
Halectinosoma neofactum
Halectinosoma sp. 1
Pseudobradya sp. 1
Dactylopodia vu jaris
Paralaophonce macera
Parastenhelia spinosa
Tachidius discipes
Rhizothrix minuta
Amphiascus minutus
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2.3.4.1 Invertebrates

Two diverse invertebrate groups are important representatives
in the nekton: the caridean crustaceans (i.e. shrimp or prawns) and the
cephalopod molluscs (i.e. squid). The prawn group is represented in the
vicinity of the intake and discharge site by such commercially important
species as Panda.ius borealis and Dichelopandalus sp. while important
species of local squid are predominantly of the genus Loligo. All of

these species are carnivores.

2.3.4.2 Finfish Community

Approximately 70 species of finfish have been identified in
New Hampshire coastal waters since monitoring studies began in 1972
(NAI, 1974c, 1975b, 1977a). The firfish community can generally be
categorized into bottcm fish, near-bottom browsers, and pelagic Lish,
although, as is shown in Table 2.23-13, these categories may overlap for

certain species.

Based on results of three years of trawl data (Tabie 2.3-14),
the most abundant fish in the trawl catches were yellowtail flounder
{(Limanda ferruginea), smelt (Osmerus mordax), cod (Gadus morhua), winter
flounder (Pseudopleuronectes americanus), longhorn sculpin (Myoxoceph-
alus octodecemspinosus), skates (Raja spp.) and oceanpout (Macrozoares
americanus). Observations by SCUBA divers on rocky substrate areas,
inaccessible by trawl, indicate that cunner (Tautogolabrus adspersus),
pollock (Pollachius virens) and radiated shanny (Ulvaria subbifurcata)
are also common members of the bottom or near-bottom community. 1In
fact, density estimates of cunner by divers indicate that it is probably
the most abundant fish species in the near-shore area. Of these spe-
cies, yellowtail, cod, winter flounder, windowpane, longhorn sculpins,
skates, and radiated shanny are permanent residents of the nearshore
area. Although cunner are also permanent residents of the area, they

are only active from April through December. Individuals overwinter
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TABLE 2.3-13. SEABROOK FINFISH ECOLOGICAL CATEGORIZATION.
NEAR BOTTOM & PELAGIC PLANKTIVORES &
BOTTOM FISH BROWSERS PREDATORS
Winter flounder Cunner Atlantic mackerel
Yellowtail Tautog Bluefish
Smooth flounder Scup Blueback herring
Atlantic halibut Banded rudderfish Alewife
American plaine -§——— Striped bass
Windowpane Pollock =
Fourspot flounder «@§—+—— Rainbow smelt

Summer flounder

Red hake

White hake

Spotted hake

Radiated shanny

Skates (Small, Big,
Winter)

Rock gunnel

Grubby

Longhorn sculpin

Shorthorn sculpin

«@§—+— Silver hake —————
—— Smcoth dogfish
—— Spiny dogfish

-

-
Atlantic sturgecn

Atlantic wolffish
American sand lance
Cusk

Lumpfish

Fourbeard rockling
Witch flounder

Sea snail

Goosefish
Snakeblenny

Ocean pout

«@§—+— Haddock

Sea raven
Striped sea robin

Black sea bass
Atlantic cod
Tomcod

Sand shark

Atlantic menhaden
Atlartic herring

—— Atlantic silversides
-
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TABLE 2.3-14. SPECIES RANK OF BOTTOM FISHES BASED ON OTTER TRAWL CATCH.

SPECIES

Limaada ferruginea

Osmerus mordax

Urophycis spp.

Gadus morhua

Merluccius bilinearis
Myoxocephalus octodecemspinosus
Pseudopleuronectes americanus
Macrozoarces americanus

Raja erinacea

Scophthalmus aquosus

COMMON NAME

Yellowtail flounder
Rainbow smelt

Hake

Cod

Silver hake
Longhorn sculpin
Winter flounder
Oceanpout

Little skate

Wi ndowpane

1975-1976 1974-1975

1973-1974

1
2
8
3
8
€
4
4
7
5

RANK TOTAL

_—

DN WO=O0bd =N
—

CVOWXTNOOULE WNM
NN WSO,

—

¥6-0°27



deer in rock crevices in a torpid non-feeding state. Smelt are also

common near bottom during the winter months.

Based on gill net ca%ch, the most abundant pelagic fish spe-
cies are Atlantic herring (Clupea harengus), pollock (Pollachius virens),
blueback herring (Alosa aestivalis), mackerel (Scomber scombrus), men-
haden (Brevoortia tyrannus), alewife (2losa pseudoharengus), and at
least during 1976, silver hake (Merluccius bilinearis) (Table 2.3-15).
All are migratory species which utilize New Hampshire coastal waters
only on a seasonal basis. Herring are abundant from late fall through
early summer, but are absent in summer; pcllock are abundant from early
spring through fall, but are absent in winter. Blueback herring, ale-
wife, and mackerel generally occur only during late spring and early
fall, but mackerel may alsc occur during mid-summer. Silver hake occur
from spring through late fall, but are absent during August when temp-
erature is highest.

Surveys of sportfishermen conducted {rom 1973 through 1976
indicate similar species composition and seasonality with winter floun-

der, the species most often caught.
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TABLE 2.3-15.

SPECIES

Clupea hars=ngus
Merluccius bilinearis
Alosa aestivalis
Pollachius virens
Alosa pseudoharengus
Scomber scombrus
Osmerus mordax
Brevoortia tyrannus
Gadus morhuya
Urophycis spp.

ND = No Data

SPECIES RANK OF PELAGIC FISHES BASED ON GILL NET CATCH.

COMMON NAME

Atlantic herring
Silver hake
Blueback herring
Pollock

Alewife

Mackerel

Rainbow smelt
Menhaden

Cod

Hake

*
Both Alosa spp. included in A. pseudoharengus category.

1975-1976

% OF
RANK TOTAL

1 54

2 12

3 9

1 7

5 5

6 4

7 2

8 2

9 2

10 1

1974-1975
RANK

19
ND
ND

1
15

9
ND
10

2
12

1973-1274
RANK

5 —
NSO WO =00

96-0°2
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nominal circulating cooling-water requirement of 1822 fta/sec (cfs). A
meaningful comparison to put this flow rate into perspective can be made
with the flow rate of the Merrimack River, which at Lowell, Massachusetts
has annrual discharge/or flow rate of 7164 cfs. On the other hand, the
tidal prism (the amount of water which enters and leaves on a 12.8 hr
tidal cycle) for Hampton Harbor is on the average 470 x 106 ft3 or 3.5 %
109 gal, which represents an average flow rate of approximately 20,400

cfs.

Cooling water for the Seabrook Station is drawn from and
discharged back into the Gulf of Maine east of Hampton Harbor at loca-
tions shown on Figure 3.1-1l.

The hydrological and biological description of this body of
water including its natural temperature patterns is presented in

Section 2.

This heat dissipation system has been selected for the Seabrook
Station on the basis of environmenatal and engineering considerations.
It is designed to provide the necessary cooling and heat dissipation
function, as well as to prctect the balanced indigenous marine ecosystem
and to represent the best technology available for offshore intake and
discharge structures. Specific objectives in the selection of this heat
rejection system were the protection of the estuarine ecosystem and
especially the existing clam flats; protection of indigenous and migratory
marine life; and finally, ensuring that the selected system of heat
dissipation would not provide hazards or impediments to highway, railroad,

ship or air traffic in the region.

3.2 GENERAL SPECIFICATIONS

The quantity of heat dissipated by each unit is approximately
8 x 109 BTU/hr for condenser cocling during full-load normal operation.
For this purpose, the quantity of ocean water provided is 390,000 gallons

per minute (gpm) per unit for condenser cooling, plus 2n additional flov
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of 22,000 gpm per unit for the service water heat exchanger. (onseguently,
the nominal total flow is 412,000 gpm per unit or 824,000 gpm for both
units. Because there is nc consumptive use of cooling water, the amount
returned to the ocean at the point of discharge is 412,000 gpm per unit
or 824,000 gpm for both units. This flow amount is maintained during
normal operation throughout the year. All cooling water is drawn frcin
the ocean at a location about 7,000 ft offshore of Hampton Beach, as
shown on Figures 3.1-1 and 3.2-1. This water flows through a 19-ft
inside diameter (I.D.) tunnel about 17,160 ft (3.25 mi) long and into the
pumphouse located at the plant site. The time of travel through the
intake tunnel at the nominal rated flow capacity of 824,000 gpm is about
44 min at a velocity of approximately 7.2 ft/sec (fps). Upon entering
the pumphouse, the velocity decreases to allow for debris screening
before entering the pumps.

One main condenser is provided for each unit. The circulating
water temperature is raised 39 F as it passes through the condenser.
Time of travel through the condenser is about 16 se: at the specified
flow of 390,000 gpm per unit. Having passed through the condensers, the
cooling water flows approximately 16,500 £t (3.12 mi) through another
19-ft I.D. tunnel to the submerged olfshore diffuser. Travel time
through the discharge lines for 824,000 gpm flow is 37 min at approximately
7.2 fps.

A cross-secticnal profile of both the intake and discharge
systems is shown in Figure 3.2-1. Each tunnel is constructed with a 0.5
percent slope toward the land to allow for gravity flow of water seepage
toward the plant during construction and, if necessary, during dewatering
of the tunnel. The intake and discharge tunnels have centerline elevations
of ~175 and -163 ft below mean sea level (MSL) respectively at the ocean
end. Centerline elevations at the plant for the intake and discharge tunnels
are -248 and =250 ft (MSL) respectively Each tunnel is connected to

the surface at the plant by vertical riser shafts.
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3.3 INTAKE SYSTEM

The intake system consists of three offshore inlets submerged
about 110 ft apart on the sea floor, three 10-ft I.D. riser shafts,
the 19-ft I.D. intake tunnel, and a pumphouse located at the plant.

The inlet structures are located approximately 7,000 ft east
of Hampton Beach where the water depth is about 58 ft (MSL). Cooling
water enters each inlet structure through a "velocity cap" which is below
mid-depth in the water column and which has an opening between 10 and 17
ft off the bottom. Figure 3.3-1 shows the plan and elevation details of
the inlet structures. The inlet structures are concrete and the tunnel
system is concrete lined. All exterior surfaces of the intake structures
structures will be coated with an anti-biofouling material to preven:
attachment and growth of organisms which would encourage grazing by fish.

Experience with offshore inlet structures along the coast of
California indicates that a horizontal inflow current has much less
potential for fish entrapment than a vertical current (Weight, 1958;
Downs und Meddock, 1974; Schuler and Larson, 1974; 1975). A horizontal
inflow direction is maintained about an inlet structure by means of the
previously mentioned "velocity cap" (Figure 3.3-1). This is a combina-
tion of a flat plate positioned just above the opening to the vertical
inlet shaft and a flange at the top of the vertical inlet shaft of the
same diameter as the "cap". The "velocity cap"” allows inflowing water
to enter the gap Letween the cap and the flange from only a horizontal
direction. The nominal inflow velocity at the outer edge of the Seabrook

Station "velocity cap”" is 1.0 fps.

The top of the 19-foot I.D. intake tunnel is at a depth of
about -165 £t (MSL) and is connected tc ‘ach intake structure by a 10-ft
I.D. "riser shaft". The route of the intake tunnel is shown in Figure
3.1-1. The pumphouse located at the site contains six circulating water
pumps. Each pump is rated for 130,000 gpm flow a° an A0-ft pumping
head. Also contained in the pumphouse structure are v-ctical traveling
screens, a large forebay a..d appropriate hydraulic equipment such as

valves and stoplogs.
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3.4 DISCHARGE SYSTEM

This discharge system consists of a 19-ft I.D. discharge
tunnel and 1l vertical riser shafts, each 4.5 ft in diameter, which
terminate in two 2.65~ft I.D. nozzles on each riser shaft. The riser
shafts and nozzles constitute the 22-port submerged multiport diffuser
which is located in approximately 50 to 60 ft of water. Each nozzle is
approximately 7 to 10 ft above the sea floor. Both the discharge tunnel
and riser shafts are concrete lined. The propused diffuser design is
shown in Figure 3.<-1.

Cooling water is discharged in a generally eastward direction
through the multiport diffuser, beginning at a location approximately
5500 ft due east of the "ampton Harbor inlet. The 1l riser shafts which
form the multiport diffuser are aligned in the northwest-southeast
direction. The spacing between the riser shafts is about 100 ft and the
multiport diffuser is about 1000-ft long. The normal travel time from
the plant to the first point of discharge is approximately 37 min.

Discharge velocity during normal operation is 15 fps.

During the backflushing operation (see Section 3.5) the
discharge tunnel and multiport diffuser act as the intake system, since
the flow direction is reversed. The backflush flow rate drops to
approximately half the normal operational rate as noted above, and
therefore, the velocity entering the diffuser nozzles is also cut in
half to about 7.5 fps.

3.4.1 Thermal Discharge Performance Under Normal Operations

Extensive hydrothermal model testing was performed at Alden
Research Laboratories (ARL) of Worcester Polytechnic Institute to
determine a suitable design for the submerged multiport diffuser (ARL,
1974). Tr “ts were conducted to evaluate the behavior of the discharge

during a serir. of representative current conditions (eight were selected)
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in a 1 to 115 uniform Froude scale model. The thermal discharge criteria
established by the Environmental Protection Agency (EPA) specifies a
surface maxim m temperature increase no higher than 5 F. By virtue of
the 15 fps discharge velocity from the multiport diffuser located in
water depths of more than 50 ft and diffuser nozzle orientation and
design, the maximum surface temperature increase above ambient tempera-
tures is only 5 F. This occurs infrequently, and even then, only over a
small surface area. The Seabrook Station discharge design results in a

5 F surface maximum temperature rise, even though the initial temperature
rise at the discharge point (diffuser nozzle) is 39 F. Tis result is
remarkable when a survey of other New England coastal po: r plants
reveals suriace maximum temperature rises of 20 F and many as high as 28
and 29 F. Even the proposed Pilgrim Unit II has a maximum surface

temperature rise of 20 F.

Since the thermal plume resulting from no...al station discharge
was designed to achieve a surface maximum temperature no greater tha~ 5
F above normal ambient water temperature, a high rate of temperature

reduction must occur. The high rate of temperature reduction occurs in
a very short distance from the diffuser. Within about 32 seconds,

the temperature is reduced from 39 F to 5 F above ambient. The volume
of water raised to temperatures in excess of the 5 F surface tempera-

ture rise is small -- abou* 3 acre feet.

Near-field isotherms for the backflush case are presented in
Appendix A for the hydrothermal "worst case" results (winter condi-
tions, non-stratified, 100 percent planc heat rejection). Figures
3.4-2 through 3.4-7 represent the normal discharge operation for the

worst case winter current with the station at full load.
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3.0-11

LIMIT OF ARL MODEL

; 0 1500
: z — w—
: z SCALE-FEET
k /
!
N 40 60 L /
0 ‘ " - !
¢ ” ]
. \/ //’- \
J S \l _ ~ ’,4
- = / -
' - - /, ” i
/ / » / N -
; ‘. LR i 3
. g s ¢ V0
g s eo, - * o
- . 53 | 60
2 g T | !
o - / - ' f ' '
o %42 54'N e DETAILED SECTIDN d )
\ T o e i
] I J
o Pl
80 ‘\
1 2 f 80
\ i
1 ]
CYCLE NO NS5 DIFFUSER CONFIGURATION 230
AMBIENT TEMPERATURE (°F) _ 433 FLOW RATE' (CFS) 1822
TEST NO "8 INTAKE TEMPERATURE (°F) __ 4332
TEST DATE U'12/15  PLANT AT (°F) b
Figure 3.4-2. Predicted tidal average surface temperuture differentials

(AT in degrees F) from Seabrook Station operation, based on
ARL modeling studies. ODepth isobaths are in ft below MSL.



0 1000

HORIZONTAL S0ALE s

0 i00

VERTICAL SCALE  muses wamm

W NORTH SECTION €

EAST
SECTION
4 N

K

23 L

-

£ =y
\
\ ~
) \ A'
\
\
|
'
]
1]
\
\
»
')
. o
o
/
/
|
/
—
o
Sy, s ke T R

~
-y

~
g ied

S 2 84

\

’

[ g
4

20

T ——

——

M\
e N A N N
SOUTH SECTION

TEST NO. 178
TEST DATE__2/12/75

DIFFUSER _230

Oepth isobaths in ft balow MSL

Figure 3,4-3, Detailed section of ARL modeling showing predicted tidal
average vertical temperature differential ( T in degrees F)
structure from Seabrook Station operation., (Refer to Figure
3.4-2 for perspective of area this figure covers,)



5000 FT.
.

HORIZONTAL SCALE =

1 NMi
oc TAILED
SECTION DIFFUSER
X .
.
: ) ut 4
j % a
} '
\ i B_Z
HOUR 3 STAGE 4.00 HOUR 4  STAGE 246 HOUR 6  STAGE 2.00

!

S BG | ,/ 7
/'[G’ﬁ\% ‘ e

HOUR 6  STAGE 00 HOUR 7 STAGE -200 HOUR_ 8

Figure 3.4-4, Predicted hourly surface temperature differential ( T in degrees F) from
Seabrook Station operation,

ET-0"E




- == ~ v
7 - |1 > PR
~ e .~ - v .
N : (RS q.; ': w. :.‘: : " ‘:
LWL E SR 0% SUSAETS (30 LI =g sl wy 1 # % W ‘s
w L S Sl B S \‘.f'}rﬁ ELSR fok s S0 R M L ..‘U\F‘\ .7 ,‘"::'1*4 b IO T T o
W 2
T ——= ~ = = 3
L ey

¥4
‘-frdz—: W™ o
w ot “®Syan'e

T Rt A N T £

N

e N =z
2
" 5 S R— i -

e
L s S S i 3 —7—‘,,-_
t .\\"'{\’.'3:”:_‘,(':{??..*

HOUR _3 _ STAGE _4.00__

YISV I v ""‘"i'{.::

® e R TN e F N,

HOUR 4 ___STAGE _346

e
I 2 B Rl T o _,_./“
£ J A X R -
L PRt Bt DR EOR [

> ™
- s
N &5 b S W
« o2 ""0"‘,\"7»-.- P .”\h""14 ey
LA i S S ZNZUNE s WENTS TAES
Ve NE SV e e e 2 NN W e v =V WP
w E
¥ o g 22&3 - <
1 —2——— —1 27—

':"—*‘w‘ =a y

i ey %

'\5\\_:\'1 e newTBRL.N N
w E "

2 , — 2

| i 20 S e=—ipyr—
2 1 1

1

N 5 i

TN TSV e e T T Ny A e S i ey T

E f/h,.‘.."-‘.*‘:,:»”.’:::’v., ¢ R TR T4 e L s L S Bt SRt AL

HOUR _6__ STAGE _00___

HOUR_7__ STAGE =200 _

HOUR _8__STAGFE =346 _

b1-0"¢

Figure 3.4-5. Detailed sections showing predicted hourly vertical temperature
differential (AT in degrees F) from Seabrook Station operation.

(first half of tidal cycle).




w‘§ :*§~‘"‘“¢".~.:.!;\7$
AV 3
\\2
/_\" . I
i*:,‘:..:\ -.:_W—
S PR LR BB L0 - kit
w E
=
\_ 3
22—
P
N /‘»S
e CETW R '
E Ao n Ly N

HOUR 9 __ STAGE -4.00

N =
B T P e s 0
HOUR G STAGE _00

Figure 3.4-6.

Ava

e

3
=2
e

: e
T A TS S s P
Ll SR SR IO TRl D

HOUR _10__STAGE 346

>
s oY 3 we
B A Al

- - »
« Plhen L Ta s~ =

4

Py = “'01-4 % -
..:..-*‘.'A‘ b & PrEgs 5'5‘*‘ Ny .2

4

l\___ﬁ
v - V=4
O ToRIR T s o s SO

HOUR__i__ STAGE _200

—t—r—

1
T T ot S
.".DOO.‘~:¢ ;.”‘lo 'O'.-.“§~.. %

HOUR _1!__ STAGE 200

e ——
‘L\ i
-4 % ke —
— v .' ' —
T N

=
—

P

Foors Bt #9010 ~'e
v e.te ey ST LY

HOUR _2 __ STAGE _346 _

Detailed sections showing predicted hourly vertical temperature
differential (AT in degrees F) from Seabrook Station operation.

(second half of tidal cycle).

SI-0°E



3.0-16

OvE I9VIS T T HMNOM

00Z- 39VIS It HNOM

T
£, ol

*uoijesado uoLIeY; NOOUQPIS WOU S
(4 saaubap ut V) S|PLIUBLSJLP daneaadwd) 300Juns ALanoy pajdipadd */=-p°*f aunbi g

00z 39VIS L

HNOH

00 39VIS 0 HNOY

/

|

0% JOVIS 6 HNOM

9vE- JOVIS  0F HNOH
W4 N}
N\Eqs >
A35N431Q
“LWN |
L =4 3WIS WINOZIHOH

Ll

14 000§



¢ rhe diffuser performance discusse ibove ca 1 be a eved
rh = S il tnba B 3 haraged water because decrease
wit ixing of ambi r i - iischazx ! Ater I ! rea
» temperat 2 roport ) 1 e me tr 1 ] tior lutior 1
generally def i as t initial erature rise divided the ta2mpera-
¢ rise of inte ] f this is 39 = 7.9 for the diluti
- i - 1 plume £r in to the point re the plume reaches
rhe
e s iam . 2 : > — 341 i~ Cartny indicatre
YJ1ilUutlor values are imprrté E since the ailut n factor \aicates
t amount of ambient ter recuired to achieve a given temperaturt
If dilution 1is fined D= (1
¢ and : I = 4 .

#) Jhe - + 3
11‘ - - x4
LS Y
M B camasw— v
' ‘ . Y
x
+ -
x 2




3.0-18

For T. = initial temperature rise
T. = temperature rise of interest
Qi = plant cooling-water flow
QA = ambient water entrained into the plume

Q2 = combined flow in the discharge plume at the
point of interest

Equation (4) above shows that the amount of ambient rece ving
water entrained into a thermal plume is the dilution value at any tempera-

ture minus one, times the initial plant flow.

Equation (2) represents :he conservation of heat eguaction in
the near field and is applicable to the thermal piume of any power plant
operating with a "once-through" coocling water system. Thus for operating
at a steady-state condition, the amount of receiving water required to
dilute the discharge to a given temperature is constant. This is true
regardless of the discharge nozzle confi~iration.

3.4.3 Far-Field Thermal Plume Characteristics

A detailed analytical study of the far-field thermal plume
behavior is presented in ARL, 1975. [his far-field study was structured
as a parametric analysis of the thermal discharge under widely varying
ambient conditions.

Far-field thermal performance of the discharge is primarily
dependent on two ambient parameters: ocean currents (magnitude and

direccion) and surface heat transfer coefficient. Surface heat transfer

coefficient is primarily a function of wind speed, relative humidity,




water temperature, and air temperature.

The parameters included in the Seabrook far-field study and
reproduced here are taken from Table 1 of ARL, 1975.

TABLE 3.4-1. AREAS ENCLOSED BY ISOTHERMS

AMRIENT CURRENT DIRECTION  TRANSFER CQEFFICIENT
SPEED (kn) TOWARD (°TRUE) (BTU/ft%/aayF)
0.15 170 150
0.15 30 150
0.18% 30 100
0.15 30 250
0.40 30 150

ISOTHERM AREAS
ACRES ENCLOSED
.5F 2.0 F

4,700 9200
5,000 1,200
7,200 1,700
3,200 800
<,800 300

Surface isotherm plots related to the parameters given in the

above table are provided in Figures 3.4-8 through 3.4-12.

The purpose of a parametric study such as this one is to

determine the far-field plume sensitivity to variation in the parameters
utilized in the study. It is clearly evident from Table 3.4-1 that
isotherm areas show the greatest dependence on ambient current speed and
surfaces heat loss coefficient. However, it is important to note that

the far-field plume is a high inertia, slow-acting system, reacting very

slowly to changes in ambient conditions.

Therefore, average monthly

values of the various dependent input parameters are representative for

use in predicting thermal plume performance in the Gulf of Maine.

In order to assess the thermal impact of the far-field thermal

plume from the parametric study, representative values of the significant

dependent parameters must be determined before results can be obtained

from the table.
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Surface heat loss coefficients for the offshore study area
were determined using methods developed by Ryan and Harleman (1973).
Calculated monthly values of the surface heat transfer coefficient are
rrovided in Table 3.4-2 below.

TABLE 3.4-2. SURFACE HEAT TRANSFER COEFFICIENTS

MONTH BTU/FTZ/DAY/F
Jan 155
Feb 164
Mar 162
Apr 163
May 157
Jun 155
Jul 178
Aug 186
Sep 202
Oct 191
Nov 163
Dec 158
ANNUAL MEAN 166

As can be seen from Table 3.4-2, the smallest monthly surface
heat loss coefficient occurs in January and June, while the largest
occurs in September with a mean annual value of 166 BTU/ftz/day/P.

Based on the parameters provided in Tables 3.4-1 and 3.4-2, it
is possible to select the most realistic plume conditions from the
far-field parametric analysis of ARL (1975). The most yepresentative
far-field surface plume size is, therefore, expected to be between that
found on Figures 3.4-9 and 3.4-12. The 1.5 F isotherm would be found
between 4.3 and 5.3 mi from the Isles of Shoals. However, the position
of the plume could be expected as shown in Figure 3.4~-8, with about the
same frequency. This may be seen in Table 2.2-1 of Section 2. The
further eastward the plume extends, the more it becomes caught in the

Gulf of Maine gyre, eventually becoming a component of this net southward-

drifting water mass.
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Based on the information provided in Tables 3.4-1 and 3.4-2,
Figures 3.4-10 and 3.4-11 are rot representative of the far-field thermal
plume and are provided only tc demonstrate the sensitivity of the far-

field plume to variations in parameters that were included in the analysis.

3.5 BIOFOULING CONTROL

3.5.1 Circulatin: Water System and Service Water System

The intake portions of the circulating water and service water
systems from the ocean inlets to the condensers are subject to the
settlement and growth of marine fouling organisms. These organisms must
not be allowed to accumulate .n the cooling-water system. Growth of
attached marine organisms progressively impedes flow, eventually reaching
a point where adequate cooling water could not be obtained by the pumping
system. To maintain the cooling svstem in an operational condition, it
is absolutely necessary to effectively control biofouling. The discharge
sections of the circulating water system, downstream of the condensers,
are not subject to marine biofouling because the normal discharge tempera-
ture is high enough to preclude settlement and growth of fouling organisms.

For the purpose of biofouling control, the circulating and

service water system can be considered in four sections:

8 The intake portion from offshore ~~ean intakes to the
pumphouse,

b. The circulating water pumphouse to condensers,
G- The condensers, and

d. The service water system.
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3.5.2 Intake System

In the intake section fr.m the offshore ocean inlets to the
intake transition structure adiacent to the pumphouse, biofouling
control is accomplished by periodically reversing the cooling-water flow
in the intake and discharge tunnels. This is accomplished by means of
an appropriate on-site valving arrangement. To assure fouling protection
during the period between initial tunnel flooding and plant operation,
the tunnel lining may be initially painted with antifouling paint.

The backflushing mode of operation is used to add heated water
to the intake tunnel and thermally shock any organism, primarily
mussels, which might have settled and been growing in the tunnel.
Without this mode of operation, organisms could multiply and grow to an
extent that they would constrict the intake and severely affect plant

operatior.

Backflushing of the system for biofouling control is accomplished
by redirecting circulating water flow within the plant. 1In order for
heat treatment to be effective, a temperature of 120 F must be reached
and maintained for a period of approximately 2 .:s. In order to achieve
the increase in discharge temperature, the station flow rate must be
reduced by approximately one half, generally requiring a power level
reduction as well. Since the flow is reduced by one half, the travel
time of reheated water through the tunnel is about twice nornal or
approximately 92 min. Thus, a minimum of 1.5 hrs is required before
approximately 120 F water reaches all parts of the intake tunnel, and an
additional 1.5 hrs (minimum) is required to bring the system back to
normal temperature and re-reverse flow after the heat treatment period.

The total time for the entire backflush cycle is approximately 6 hrs.
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3.5.3 The Thermal Effects of Backflushing

In the development of thermal backflushing procedures, two
fundamental design criteria were considered: effective time-temperature
rogimes for biofouling control, and limiting the backflush plume thermal
effect on the Inner and Ou*er Sunk Rocks sc as to not exceed naturally
occurring ambient temperature fluctuations.

With respect to the first design criteria, it has been deter-
mined from experience at other power plants on the New England coast and
applicable informati . from the literature that tc achieve effective
biofouling contreol, it is necessary to maintain a temperature of 120 F
continuously for a period of no less than 2 hrs at a frequency of once
every 2 weeks during the warmer months (April to November). Therefore,
the circulating water system has been designed for flow reversal and
raising and maintenance of 120 F in the intake tunnel for 2 hrs. From
an operational viewprint, the total time in the backflush mode will be
apprcimately 6 hre but the 120 F temperature will only be maintained

for approximatel: 2 hrs.

A series of hydrothermal model tests have peen conducted at
ARL t determine the characteristics of the backflushing plume. The
model used for these tests was a densimetric Froude model with a uniform
scale of 1 to 115. Scale models of the actual inlet structures were
tested in this model at scale flows corresponding to the actual time,
temperature, and flcw relationships which occur during backflushing.

For these tests, various current patterns which have heen
observed by NAI to occur in the vicinity of the proposed intake sites
were simulated. In addition, the effect of tide level was also simulated.
For the purpose of evaluating possible "worst case" conditiors, '.he phasing
of the backflush thermal discharge from the intakes with the selected

simulated ambient currents was cnosen to ensure that the plume is discharged

under the most likely situations to cause advection of the plum« nto

the Inner and Outer Sunk Rocks.
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Typical results of these tests are presented in Appendix A.
The backflush thermal plume behavior for the proposed intake location is
shown in these figures. The test cases shown in these figures correspond
to a backflushing procedure which complies with the first design criteria,
in that each case produces a temperature of 120 F at any given point
inside the intake tunnel for a continuous period of 2 hrs.

Thermal plume results as shown in Appendix A indicate that the
therma. impact on the Outer Sunk Rocks averages .ess than 1 F during the
backflush cycle for the three types of representative current condit.ons
tested. The maximum temperature increase on the Outer Sunk Rocks is
about 3 F and last: for periods of about 1 hr during only one of the
ambient current conditions tested. Thermal impact on the Inner Sunk
Rocks is expected to be even less.

Having thus determined the thermal backflush plume characteristics,
it is necessary to consider these results in the perspective of ambient
temperature fluctuations in the vicinity of tie Inner and Outer Sunk
Rocks. A det=iled description of such fluctuations is presented in

Section 2.2.4.1.

Based upon the ambient temperature fluctuations observed as
compared to the results of ti.e backflush model tests, it can ke seen
that the backflush plume from the proposed intake location will not
exceed the naturally occurring temperature fluctuations on the Rocks.

Moreover, based on the data presented in Section 2.2.4.1 and
Appendix A, it can be seen that max.mum temperatures at the Rocks during
the sumrer generally occurs during ebb tide or at low-water slack. During
this period, the thermal plume as a result of backflush operation would
also be traveling away from the estuary and the Rocks. When the tide turns
and the thermal plume is directed towards the Rocks, normally cooler ambient
ocean water would flood over them. Thus, if the backwash plume is also

carried onto the Rocks, the temperature increase asscciated with Seabrook
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Station ba:aJlusa plume cannot add to the ambient temperature maximums

which are greater than temperature increases induced by backflushing.

3.5.4 Pumphouse to Condenser

Biofouling control in the pumphcuse and on-site intake pipes
is accompiished by intermittent chlorination and the application of an
anti-fouling coat:ng. The accive chlorine which is provided by the
injection of =odium hypochlorire at upstream feed points, is intended
to discourage the settlement and growth of mussels and barnacles.
Accumulation of these organisms could limit the circulating water
flow by increasing the effective roughness of the pipes; and, if
allowed to grow too large, could also plug condenser tubes after
detachment from tne pipe surfaces.

Chlorination treatment will confora to EPA Effluent Guide-
lines (40CFR, Part 423). ‘=2 sequently, it is proposed that sodium
hypochlorite be injected frr a maximum >f 2 hrs per day on each unit.
The dosage is adjusted tr . astrict ths "verage level of the equivalent
free residual chlorine at ... dischar;: to 0.2 mg/l over the 2-hr
period (maximum C.5 mg/l). The actual feed -ate will depend on the

chlorine reaction or decay rate in seawater.

The equivalent free residual chlorine decays rapidly from
condenser inlet to oceai: discharge point as a result of prolonged
exposure to elevated temperatures. Approximately a 2.5 min. flow or
contact time occurs between the pumphouse and condensers, and an
additional 37 min is required for heated discharge watasr to flow from
the discharge transition structuie near the pumphouse to the ocean
discharge at the diffuser.

The intake flume, pumphouse and on-shore intake pipes will
be periodically dewatered for inspection. Based on experience at other
plants, it is anticipated that every second year the surfaces may re-

quire scraping and painting with anti-fouling paint.
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3.9.% Condenser

The sodium hypochlorite injected into the cooling water also
prevents the accumulation of slime-forming organisms in the condenser
tubes. Whereas, the control of marine growth in the pipes and tunnels
is required essentially only during the warmer months, the control of
slime is required all year round. Therefore, the chlorine dosage dus-
cribed above is injected throughout the year. If slime were allowed to
grow in the condenser, the heat transfer efficiency coull be reduced to

unacceptable levels and plant outpnt would be significantly reduced.

3.5.6 Service Wat.r System

Biofouling may have to be controlled in the service water sys-
tem by continuous low-level chlorination. To accomplish this, sodium
hypochlorite would be continuously ir.jected in the service water pumphouse.
No other completely effective biofouling control measure is presently
available for this system; it is impossible to dewater and paint the
inside surfaces of the service water piping because it is relatively
small in diameter and inaccessible, Intermittent cnlorination at the
levels pronosed for the main circulating water flow is unlikely to be
effective if not augmented by periodic zpplication of anti-fouling paint.
Heat treatment at temneratures anticipated for the main circulating water
system, as previously descrilred (Section 3.5.2), cannot be tolerated in
the service water system due to temperature l.mitations within the system
and anything shor: of the time-temperature regime proposed for the circu-
lating water system would not be an effective biofouling control. Contin-
uous low-level chlorination, however, is known to be effective for bio-
fouling control and consequently may be proposed at some future date for
the service water system. Considering that the same factors of prolonged
exposure to elevated temperatures apply within the service water system
and that the flow of the service water system is less than 6% of the total
cooling water flow, equivalent free residual chlorine levels would ke
unmeasurable with presently available on-site monitoring methodology after

the service water stream is added to the main condenser discharge.






TABLE 4.1-1. CHECKLIST OF REPRESENTATIVE SPECIES AND PATIONALE .
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Coastal (Neritic) X X X X X X X X x
Pelagic X X X 1 1 1 1 1 x X X x X 1 X
Benthic X X X X x X X
Rocky substrate X X
Sandy Substrate X X X X x
Intertidal X X
Subt idal X X X X X
Trophic level
Primary Producer X X X
Herbivore X X X X X 1 1
Carnivore X X X x X
Omnivore X X X
Source of Impact
Plume Entrainment P P P P P, P, Y | 9 | Pl P, P, P, Pl
Entrapment A P P A A 13 P
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Lists of threatened and endangered species (e.g., U.S. Dept.
of Interior, Fish and Wildlife Service 1375; Boullengier, 1274) were
consulted to evaluate whether there were any threatened or endangered
species which should be included as representative important species.

ince there were no species men‘ioned on these lists that have been
collected in the study area, it was concluded that more of these species
should .2 included amony the representative important species.

Discussions of individual RIS do, however, identify those
species which may be considered thermally "sensitive™”, ir thu rense that
they are likely to exhibit a negative response to heat. Brief mention
is also made of predator-prey relationships and the extant Lo which some
of the more unfamiliar organisms have been objects of previous scien-
tific study.

Although discussions of non-RIS members of the marine commun=-
ities described in Section 2.3 is rather scant in the following sec-
tions, they have not been neglected or overloocked. Varicus ongoing
precperational programs (See Section 6.0) investigate the di.srsity,
abundance, and distribution ¢ ° a wide range of organisms, of which the

discussions in Section 2.3 are representative.

4.2 SELECTED SPECIES
4.2.1 Diatom, Skeletonema ccatatum

Skeletonema is a diatom of potential food value to herbivorous
zooplankters, and is commonly represented in phytoplankton collections
from coastal New Hampshire. 1Its biology has been well studied in areas
south of Cape Cod (e.g. in Long Island Sound and Narragansett Bay where
it is characteristically the dominant species of lat< winter and spring
rhytoplankton blooms) .

4.0-3
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§.2.2 Red Tide Alga, Compaulax tamarensis

This dinoflagellate has recently becume a nuisance organism of
major economic importance in northern New England because it produces an
endotoxin which accumulates in clams and mussels and causes paralytic
shellfish poisoning (PSP) when these molluscs ingested. Several
studies on environmental regquirements for growt.. .ave begun as a result
of the threat to public health.

4.2.3 Iri1sh Moss, Chondrus orispus

Irist moss is an important source of carrageenan (stabilizer
in food products and industrial uses) and therefore is of potential
economic importance. At present, there is no commercial harvest of
Irish moss in New Hampshire coastal waters, although it is extremely
abundant at mean low water and can be regarded as a habitat former in
this zone. Considerable knowledge of the biology of this plant is
available; of particular interest are parallel studies cngoing at
Pilgrim Station in Massachusetts.

4.2.4 Copepod, Eurutemora herdmani

The copepod E. herdmani is a representative of the herbivorous
zooplankton and a potential food item for larger, carnivorous zooplank-
ters and larval finfish. The species is common in net and pump samples
from cocastal New Hampshire. The biology of this species is reasonably

well known, and indicates relative sensitivity to te—merature extremes.

4.2.5 Ocean Quahog, Aretica islandiea

The ocean guahog, or mahogany clam, has formed the basis of a
commercial fishery only since the late 1940's, Currently, this clam is

T i e
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harvested only south of Cape Cod where it lives in very deep water (46
feet or more). Substantial, but commercially unimportant, patches are
scattered in the vicinity of the proposed ‘ntake and discharge sites.

Many aspects of the bioclogy of this species have not been fully inves-
tigated, although it is well known that the animal is extremely intol-

erant of warm water.

4.2.6 Razor Clam, Fnsis directus

The jack-knife or razor clam is valued as a seafood delicacy,
but supports only a minor ccmmercial fishery. No razor clams are
harvested commercially in New Hampshire waters. Quantitative sampling
to obtain estimates of abundance and dist-ibution are costly. Thermal
requirement and other aspects of the envi:ronmental biology of this
species is poorly known. This species was added to the list upon the
advice of the EPA region I staff.

&.2.7 Soft-shelled Clam, Mva arenaric

From the outset, the soft-shelled clam has been a principal
subject of study in connection with Seabrocok Station. Hampton Seabrook
Estuary is the site of much of the recreational clam digging activity in
the state of New Hampshire. In recent years, however, these soft-
shelled clam stocks have been severely depleted. Neighboring states of
Massachusetcs and Maine have well established commercial fisheries for
this species. With regard to power plant operation, the main concern is
with the entrainment of planktonic larvae which have been found to be
closely associated with coastal water masses in New Hampshire and

adjacent states' territorial waters.
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4.2.8 Mussel, Mtilus edulis

The blue, or edible, mussel may be regarded with ambivalence;
on the one hand, it is a species of creat potential as a shell fishery
(Mytiliculture has been practiced for centuries in Europe); on the other
hand, it is also a principal fouling organism, outranking the barnacles,
Balanus spp., north of Cape Cod. The characteristic "muss2l bars" or
banks constitute a major habitat feature of many sheltered coves and
embayments, including Hampton Harbor. These "mussel bars" at times
limit the habitat of the soft-shelled clam by encrocaching on otherwise
favorable habitat. Mytilus edulis is one of the most extensively studied

of any marine organism.

4.2.9 American Lobster, Fomarus americoius

The American lobster is familiar, if only as a cooked seafood
item. The species is distributed over much of the continental shelf,
although the traditional New England fisheryvy is almost entirely restric-
ted to nearshore areas. Despite widespread intensive fishing: juvenile
lobsters, less than legal size, are fairly commoa in the immediate
vicinity of the proposed cooling-water intake and discharge sites for
Seabrook Station. Basically, the species occupies a top carnivore and

scavenger position and is epibenthic (dwelling o: *“cop of the sea bottom).

4.2.10 Alewife, Adlosa pseudoharencus

The alewife is a clupeoid (i.e. herring-like) fish which
spawns in fresh water. The nearest spawning areas are the Taylor and
Hampton Rivers which empty into Hampton-Seabrook Estuary. Juveniles are
commonly caught in gill nets set in inshore areas in the vicinity of the
intake and discharge site for Seabrook station. Adults are commercially
important, with uses ranging from pet food and fish meal, to the more
traditional salting or curing. The species is also used by fishermen as
bait for gamefish. Alewives feed chiefly on zooplankton; the fry, in
turn are eaten by predaceous fish, such as the striped bass, and perhaps
the coho salmon (Scarola, 1973).

4.0-6



4.2.1 Menhaden, Erevcortia turammus

The Atlantic menhaden is a migractcry clupeoid species whose
recent appearance off the New Hampshire coast during the warmer months
has coincid.d with climatic warming trends in seawater temperatures.
From Cape Cod southward, the species' pernicious habit of crowding into
embayments has led to several "fish kill" incidents at operating New
England electric generating stations. The species has commercial value
primarily as a source of “fish meal"”. Menhaden feed on phytoplankton
and microzooplankton. They are preyed on by striped bass, and espec-
ially, bluefish.

4.2.12 Coho Salmon, Onecriimchus kisutch

The coho salmon is native to the Pacific northwest, but was
introduced into New Hampshire waters beginning in 1969 in an attempt to
establish a salmon sport fishery. Some success has been achieved with
the return of sea-run adults reared from eggs and released as fry from
New Hampshire hatcheries. It appears that the successful establishment
of a naturally reproducing stock will require several more years of
assistance from artificial rearing. It was added to the list upon

advice of EPA Region I staff.

4.2.13 Smelt, Osmerus mordax

The rainbow smelt is a marine fish, which, returns to fresh-
water in the early spring to spawn. This species is a popular sport
fish and a delicacy. It also constitutes a major prey item for sal-
monids and other game fish. Commercial catches are made throughout the
Great Bay estuarine complex. While there are scant data on thermal
requirements of this species, its seasonal and spatial distribution
indicates a preference for colder water as well as an affinity for

nearshore areas.

4.0-7
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4.2.14 Pollack, Pollachiug virens

Pollack are gadoid (i.e. cod=-like) fish which are commercially
important and \ery abundant. In fresh, frozen or canned seafood pro-
ducts, pollock substitute for cod as well as an even scarcer close
relative, the haddock. In the vicinity of the proposed cooling-water
intake and discharge ar.a, young pollock are among the most common
midwater fish. Pollock are voracious carnivores, feeding largely on

smaller finfish and pelagic crustaceans.

4.2.15 Flounder, Pseudorleuroncotes amerioanus

The winter, or blackback, flounder is a nearshore bottom-
dwelling flatfish of both commercial and recreational importance. It is
one of the most abundant species in the vicinity of the intake and
discharge sites, and is the mainstay of the local recreational fishing
industry (i.e. boat rentals, bait and tackle sales, etc.). Winter
flounder are fairly nonselective in their feeding habits, consuming a
variety of benthic orcanisms. The ecology and population biclogy of this

species, has been the subject of several scientific studies.

4.2.16 Mackerel, Scomber scombrus

The Atlantic mackerel is both a commercial and a sport species,
popular as a sealood delicacy. The comme :ial fishery has historically
been subject to great fluctuations. Prey of the mackerel are almost ex-
clusively pelagic, and include both planktonic and nektonic organisms.
The thermal requirements of this species are relatively well known and

indicate a cold water preferrence.



5.0 IMPACT ANALYSIS
5.1 BACKGROUND AND HMISTORICAL INFC™™ATION
§.1.1 Introduction

Material for the following discussicns was extracted from
numerous literature review articles, plus a search by computer of more
than a quarter of a million publications and reports on thermal effects
in various bibliographic data bases. Quanti’ " ‘ve information pertinent
to thermal requirements of specific representative important species was
compiled in graphical displays (See explanatory Figure 5.1-1). Along
with thermal characteristics data these graphical displays depict: 1)
daily maximum surface water temperatures from three years of records
(November 1973 through October 1976) in the vicinity of the proposed
intake and discharge sites, and 2) the general pattern of temporal
abundance. Where guantitative data were available concerning population
densities of planktonic stages, a maximum density value (in individuals

per 100 m3) was given for the month of peak abundance.

5.1.2 Skeletonema costatum

Skeletonema is a centric, chain-forming diatom. Like other
phytoplankters, it experiences extensive seasonal population fluctua-
tions (e.g. "blooms") and exhibits the "patchy" spatial distribution
characteristic of plankton in general. Skeletonema has a relatively
broad temperatu-e tolerance (Figure 5.1-2) and is found throughout the

North Atlantic, with an affinity for near coastal areas (Figure 5.1-3).

At times this species has been an important representative of
the phytoplankton community in New Hampshire Coastal waters, particu-
larly in late summer; record densities for recent years seem to have
occurred in the summer of 1973 (Table 5.1~1). Since 1973, absolute peak

densities appear to have diminished and the seasonal peak split between

5.0~1
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Temperature Criterion Data Points (e.g. Upper Lethal Limit)

Temperature Range (2.9. Optimum for growth, Settlement etc.)

Temperature Criterion for which Acclimation Temperature and
Season has been given.

Temporal Abundance Da Number/100 M3 during Month(s) of
Greatest Density. Temy . al Occurrence Blocks are Relative
Within but not Between Life Stages. Solid or Dotted Line
Indicates Occurrence at Site but in Very Low (=) or
Transitory (seess ) Densities.

Dashed Line Indicates Occurrence Inferred from a Literature
Source.

Figure 5.1

-1. Example of Selected Species Relative Temporal Abundance

and Thermal Characteristics Display.
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Figure 5.1-3. Distribution or the diatom, Skeletonema costatum
in the Western Atlantic Ocean.
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TABLE 5.1-1. TEMSORAL DISTg;SUTION OF SKELETONEMA COSTATUM
(10° CELLS M “) OFF HAMPTON BEACH, NEW HAMPSHIRE.

JAN| FEB| MAR | APR | MAY | JUN | JUL| AUG | SEP | OCT | NOV | DEC
1976 0.0 $.7 0.0 27 22 135 Q.0 0.0 5.7 9.7
1975 0.0 28 38 457 0.0 ND 0.0 17.5 11624 17.91] 114 1.3
1974 0.0 23 i S.1 215 37 $.7 ND S0 1702 17.5]| 10.5| 3.4
1973 ND ND | 0.8 ND 0.0 504 |3536 {13,043 )] 0.0 154 111 0.0
1972 ND ND ! ND 0.0 0.0 ND 2164 | 1,040} ND 4.9 ND .04

ND = No Data
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late spring o7d early fall. The observed changes in distribution and
abundance may reflect competitive responses of other phytoplankters to
climatic changes in sea temperature. Zero values (Table 5.1-1) should
not be interpreted as a complete absence of this species but as an
indication that: 1) Skeletonema cells and chains were small enocugh to
pass through the net, or 2) patches of Skeletonema were relatively small

and widely dispersed.

Water column stability and residence time in lighted waters
are important factors in the maintenance of growth in this and other
phytoplankton species. Skeletonema has been found to require relatively
high levels of vitamin B-12 (Guillard and Cassie 1963; Droop 1955) and
iron chelate (Ryther and Kramer, 1961) characteristic of coastal waters.
With plenty of nutrients, optimal temperatures and light, Skeletonema
may divide up to three times a day in laboratory culture (Smayda, 1973).
However, reproduction under field conditions has been eitimated at
between .03 and .63 divisions per day (NAI, 19744).

5.1.3 Conuaulaxr tamarensis

This tiny (36 um) dinoflagellate is ultimately responsible for
paralytic shellfish poisoning (PSP) in humans and animals. The poison-
ing results from eating filter feeding molluscs (e.g. clams and mussels)
which have accumulated the poison by feeding during G. tamarensis
blooms. The first major PSP outbreak of recent times in northern New
England occurred in July 1972; since that time, smaller episodes of PSP
have occurred each vear, typically in May-June and in August-September
(Figure 5.1-4). The repeated minor outbreaks appear to be the aftermath
of the initial (1972) incident. Until 1972, blooms of toxic proportions
in the Gulf of Maine were confined to eastern Canada (Figure 5.1-5). High
toxicities in shellfish have been an annual phenomencn in the Bay of
Fundy (Prakash, et al., 1971; Hartwell, 1975) .

One key to the local persistence of this nuisance species

appears to be the ability to form cysts whenever growth conditions, e.g.
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- NORMAL RANGE

\ EXTENDED RANGE

Figure 5.1-5. Distribution of the red tide alga, Gonyaular tamarensie
in the Western Atlantic Ocean.
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temperature, (Figure 5.1-6) are unfavorable; these cysts then lie
dormant until favorable conditions (light, temperature, nutrients)

reoccur.

5.1.4 Chondrus crispus

Irish moss is a perennial red alga distributed from New Jersey
to Labrador (Figure 5.1-7), with densest populations occurring in the
Gulf of Maine. It is considered a eurythermal species, tolerant of a
wide range of temperatures (Figure 5.1-8). Chondrus grows best on
stable horizontal surfaces, such as ledge and boulders, with its primary
abundance from mean low water to =33 ft; in this zone it is a dominant
species. Because of substrate availability, dense populations extend to
2 ft above mean low water at the Outer Sunk Rocks, but are generally
restricted to the sublittoral at Great Boar's Head.

Densities in the vicinity of the intake and discharge site
averaged slightly more than 400 qms/mz, dry weight (range: 248-562 gms/
mz) at mean low water and 16 ft in quarterly samples from 1975-78.
Biomass tends to reach a maximum in late summer, and a minimum in winter
{(due to erosion with little growth replacement). Chondrus plants repro-
duce sexually from late summer to late fall-early winter and again in

the spring.

Although physiclogical studies have indicated that 68°F is
about optimal for photosynthesis in mature plants, high photosynthetic
rates occur over a very wide temperature range. Interaction with light
intensity is an essential consideration. The sporeling stage is by far
the most sensitive, with temperatures as low as 75°F decreasing growth

anéd survival (Figure 5.1-8).
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Figure 5.1-6. Red tide alga, Gonvaulax tamarensis, relative temporal
abundance and thermal characteristics.
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Figure 5.1-7. Distribution of Irish Moss, Chondrue crispus
in the Western Atlantic Ocean.
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Figure 5.1-8.

Irish moss (Chondrus erisrus) relative temporal abundance
and thermal characteristics.




This calanocid copepod, is cold temperate in distribution

(Figure 5.1-9), with a strong affinity for coastal waters, especially

harbors and embayments. Very few individuals have been found more than

10-12 miles seaward from the New Hampshire ccast (NAI, 1974d). For the

past three years collections in the vicinity of the intake and discharge

sites have shown that the species may be present at almost anytime of

the year, with maximum population densities usually occurring in the

summer months (Table 5.1-2). Most of the over wintering £. herdmani are

immature forms. ZEurvtemora has a generation time of about 70 days at

34°F, which decreases to 20 days at 57°F; above 66°F there is no success-

ful reproduction (Katona, 1970). Other thermal response data are given

ia Figure 5.1-10.

§.1.6 Aretica tslendica

The ocean guahog (Figure 5.1-11) is the sole surviving member

of an entire mollusc family (Arcticidae) the other members of which

became extinct with the last ice age. In additicn to its commercial

size, its extremely short siphons restrict it to the top few centimeters

of sadiment, making it economical to dredge. The present center of the

commercial fishery in New England is Rhode Island; however, the state of
Maine has recently become interested in the commercial possibilities of

this srecies off its own shores.

| Adult densities of 1 or 2 individuals per m2 have been determined

| for New Hampshire waters. Also, specimens were readily obtained, particularly
in winter, for a study of reproductive cycles (NAI, 1977a). However, it
appears doubtful that there are sufficient concentrations of adults to

| sustain a viable fishery (Spurr and Seamans, 1375). Data on juvenile

% A. islandica, collected cduring benthic surveys in the vicinity of intake

| ané discharge sites cver the past five years, are presented in Table

| 5.1-3.
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TABLE 5.1-2. TEMPORAL DISTRIBUTION OF ZURYTEMORA HERDMANI (INDIVIDUALS/m3).

ADULTS
&
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov| Dec
1376 ¢ | 0.4 ] 1.5 | 0.3 | 9.4 | 302
1978 0| 9.5| 1.4 0 45 ND | 7.3 | 1.6 | 2.7 1.0 | 0.2] 0.1
1974 0 0 0 0 5 |1040 0 0 0 0 0 0
1973 ND ND 1 ND | 1270 | 880 | 850 | 250 0 0 0 0
1972 ND ND ND 4| 148 ND | 872 | 507 ND 24 ND 0
JUVENILES (COPEPODITES & NAUPLII)
1976 | 3.5 | 3.3 0| 1.5{ 1.6 | 1095
1975 | ND ND ND ND ND ND 15 83 26 0 0 13
1974 | 3.5 0 0 0 0| ND ND ND ND ND ND | ND
1973 | ¥ ND__| ND ND 600 | 2570| 350 30 0 0 30 |100 o
)

ND = Ne Data
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Figure 5.1-11. Distribution of Mahogany quahog, Arctica telandica
in the Western Atlantic Ocean.




TABLE 5.1-3.

TEMPORAL OISTRIBUTION OF JUVENILE &ARCTICA IS

bidalon

(INDIVIDUALS/M€) IN THE VICINITY OF HAMPTON BEACH, NH.

TAMPT /S

5.0-18

JAN | FEB | MAR | APR | MAY | JUN | Jul.. | AUG | <EP | OCT | NOV | DEC
1976 | 54.4| NC NC | 9.0 | NC | NC NC | NC NC NC | NC | NC
1975 | NC | NC NC | NC |196.8] NC | 10.2| NC NC | 5.8 | NC | NC
1974 | NC | NC NC | NC NC | NC 2.0y NC NC | NC NC | NC
1973 | NC | NC NC | NC | NC | NC NC | NC | NC ' NC NC | NC
1972 | NC | NC NC NC | NC | NC 5.5| NC NC NC | NC | NC

NC = No Collections made
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Mahogany clam (ocean quahog), Arctica
abundance and thermal charateristics.

tslandica, relative temporal
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Figure 5.1-14. Distribution of Razor clam, Ensis directus
in the Western Atlantic Ocean.
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The planktonic larvae are strikingly distinct from other
bivalve species (Sullivan, 1948); relatively large numbers occur parti-
cularly in September-October plankton samples and are another indicaticn
that substantial numbers of adult razor clams exist in the local area.
The small amount of numerical data available for E. directus larvae

suggests that pcpulation densities are about of the same order of magnitude
as for Mva arenaria larvae (see 5.1.8, below).

5.1.8 Mya arenaria

The soft-shelled clam (Figure S$.1-15) is a prominent inhabitant
of sandy tidal flats in rivers and harbors where it is easily dug. Thermal
tolerance characteristics are presented in Figure 5.1-16. Six years of
surveying the clam flats in Hampton-Seabrook Estuary have shown the
population to have greatly diminished (Table 5.1-4). Replenishment of
the depleted stocks depends primarily on recruitment of larvae spawned
in adjacent clam propogation areas (i.e. estuaries of northern Massa-
chuset+s and southern Maine). The larvae are washed out of the parent
estuary with the ebbing tide to drift up and down the coast with the
currents. Dispersal is such that population densities diminish with
distance offshore. When considered over the entire season of sustained
abundance (Table 5.1-5) the term "neritic band" has been used toc suggest
the much higher probability of encountering relatively dense "patches"

of larvae moving close to shore as opposed to further at sea.

On flooding tides, a small portion of the drifting larvae are
subducted into the narrow inlet leading to Hampton Harbor. Those that
are mature enough (larger than 240 um, or approximately 25 to 30 days
old) will: 1) attach to sand grains, or other substrate, 2) undergo
metamorphosis, and 3) eventually settle into temporary burrows as
"spat". Data presented in Table 5.1-6 suggest chat s-at sets have
varied greatly over the past six years, with the most recent set being
the heaviest of all. Comparison of Tables 5.1-5 and 5.1-6 suggests that
larval density in coastal waters is not the sole determinant of spatfall

success.
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Figure 5.1-15. Distribution of soft shell clam, Mya arenaria
in the Western Atlantic Ocean.
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Figure 5.1-16.

and thermal characteristics.

Soft-shell clam, Mya arenariz, relative temporal abundance
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TABLE 5.1-4. ABUNDANCE OF . ARENARIA ADULTS (> 25 mm)
IN HAMPTON-SEABROOK ESTUARY, NOVEMBER SURVEYS .

Year Mean Populatinn Denisty Standing Stock
(ft 2; (Bushels per acre)
1971 10.4 84 =18
1972 8.4 58 =18
1973 3.8 41 =18
1974 4.1 56 = 9
1375 1.0 34 ¢ 4
1976 0.3 12 £ 3

TABLE 5.7-5, ABUNDANCE OF M. A3ZWARIA LARVAE (140-320um)
IN NEW HAMPSHIRE COASTAL WATERS.

Year Season of Sustained Abundance Mean Densit
m 3}

1974 16 = July - 5 Sept.; S1 days 69

1975 16 - Aug. =14 Oct.; 59 days 532

1976 27 = Jul. =27 Sept.; 62 days 244

TABLE 5.1-6. ABUNDANCE OF M. ARENARIA SPAT (1 TO 25 mm)
IN HAMPTOM-SEABROOK ESTUARY, NOVEMBER SURVEYS.

Year Mean Population Density (ft.z)
1971 92
1372 130
1373 47
1974 2
1975 37

1976 762




5.1.9 Muttlus edulis

The blue mussel (Figure 5.1-17) attaches to almost any hard
surface, from the intertidal well into the subtidal zone. On rocky
outcroppings in the vicinity of the proposed discharge and intake site,
adult densities rarely exceed 30 individuals per m2 and are often much
less dense because of the effect of wave action. During storms portions
of the outer and inner sunk rocks are sometimes totally denuded of these
animals with the focus of the damage at the low water mark. Lower down,
in the sub%idal zone, competition for fonod and space occurs between
M. edulis and the horse mussel, Modiolus modiolus.

Juvenile settlement appears to occur throughout most of the
year (Table 5.1-7) and, therefore, may provide a more sensitive indi-

cation of cooling water system impact than adult densities:

TABLE 5.1-7. TEMPORAL DISTRIBUTION OF MYTILUS EDULIS SPAT
FROM "QUTER SUNK ROCKS" OFF HAMPTON BEACH, NH.

DATE MEAN DENSITY (M°)
September 13975 3,443
December 1975 9,832
March 1976 3,183
June 1976 20,886

Thermal requirements for spat settlement are included with other thermal

tolerance data in Figure 5.1-18.

The principal blue mussel habitat in the local area is in
Hampton Harbor, where extensive intertidal mussel banks are regarded
with some displeasure because of recent encrcachment cn potential soft-
shell clam propagation areas. In the past, there has been some (unsuc=-
cessful) attempt to limit this encroachment. A few mussels are taken

from the banks for human consumption, particularly by Canadian visitors.

5.0-27
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Distribution of Blue mussel, My

in the Western Atlantic Ocean.
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5.1.10 Homarus americanus

The American lobster (F:gure 5.1-19) at one time was 4n extremely
common bottom dwelling invertebrate, but has been extensively overfished
for more than a century. Despite this fact, the continued demands for
this species as a seafood delicacy have kept tie fishing effort relatively
constant. The primary commercial means of capture is to set traps
("lobster pcts') into which the animals are lured by bait or the oppor-
tunity to seek ...elter. 1In 1975, the latest year for which such sta-
tistics were available, approximately 23,400 pots were operating in New
Hampshire waters and produced a total of 480 thousand pounds of whole
lobsters. Catch data from the immediate vicinity of the proposed cool-
ing water discharge site indicate relative stability in catch per

effort over the past five years (Table 5.1-5).

Temperature is an important environmental factor for all
stages in the life of the lobster (Figure 5.1-20). Extrusion of the
eggs from the female's body, breeding, hatching, and molting of the
adults are all stimulated by seasona! warming of water temperature.

In northern New England, a fully mature female lobster lays between
7000 and 23,000 eggs, and usually carries them for a year or more
(Sguires, 1970). The first few larval stages are planktonic, with a
strong affinity for the top few centimeters of the surface waters.
Lobster larvae are rarely collected except in ("neuston") nets designed

to sample the water surface.

Available evidence suggests that ccastal New Hampshire is not
an important spawning area for H. americanus. Adults are legal for
har.est at a carapace length of 3 1/8 inches, when only a small propor-
tion have beccome sexually mature. Less than 2% of all the females
recovered from the vicinity of the discharge site have been egg bearers,
compared to an average of 23% offshore (Skud and Perkins, 1969).

Results of the 1973 lobster larvae survey (Table 5.1-2) showed that most
of the larvae collected were in the fourth or fifth stage of development
suggesting that these clder larvae were drifting into the area from more

distant breeding grounds.
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TABLE 5.1-8., TEMPORAL CHANGES IN HOMARUS AMERICANUS LEGAL CATCH PER EFFORT
FOR 15 POT STRINGS IN THE VICINITY OF HAMPTON BEACH, NH.

JUNE JUuL AUG SEP ocT NOV
1976 3.42 8.64 10,02 8.04 10.48 10.04
1975 3.00 5.71 .50 8.46 10.25 10.77
1974 2.49% 6.67 9.42 12.76 9.71 13.35
19732 $.00 4.00 8.93 6.85 12.46 6.92
1972° 6.18 4.00 5.87 14.43 8.86 5.09

‘Values do not include lobsters in the 3 1/8 to 3 1/4 range of
carapace length

TABLE 5.1-9. ABUNDANCE OF LOBSTER, HOMARUS AMERICANUS LARVAE, IN “"NEUSTON"

TOWS OFF HAMPTON BEACH, NEW HAMPSHIRE IN 1973 (INDIVIDUALS
PER 100 M3),

MAY JUN JuL AUG SEP ocT
Q.0 C.0 1.9 6.0 0.8 0.0
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Figure 5.1-20.

American lobster, Zomarus americanus, relative temporal
abundance and thermal characteristics.
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111 Alosa pseudoharencus

The alewife (Figure 5.1-21) is an anadromous (freshwater
spawning) clupeoid fish which forms extensive schools far at sea.
Adults are rarely encountered inshore except during the spawning season
(April-May). However, small schools of juveniles often frequent the
inshore area (Table 5.1-10) usually associated with a look-alike relative,
the blueback herring, Alosa aestivalis. Eggs (surface adhering in
stream beds) and larvae (fresh water) have not bSeen taken in ichthyo-
plankton collections in the vicinity of the intake and discharge sites.

In freshwater lakes, extensive mortalities have been reported
to occur in summer (Graham, 1956). Many of the thermal response char-
acteristics depicted in Figure 5.1-22 pertain to investigations on
"landlocked" alewives.

5.1.12 Brevoortia turamus

The Atlantic menhaden (Figure 5.1-23) is a warm temperate
clupeoid which usually migrates into New Hampshires coastal waters in
small numbers in May or June (Table 5.1-11). In 1976, these fish
appeared somewhat earlier, possibly because of the unusually early
spring in that year.

South of Cape Cod, where the species are more abundant, the
particular affinity for warm water has led to aifficulties in connection
with thermal discharge plumes. Mass mortalities occasionally occur when
the f£ish are densely packed into a closely confined space, such as a
marina basin or cooling canal. These "fish kills" appear to be associated
with greatly reduced dissclved oxygen concentratioas, fish oxygen requirements
being high and oxygen soluability being low at temperatures which the
fish prefer. Where thermal discharge plumes may be abruptly encountered,
mortalities may also be augmented by formation of gas emboli in the
fish's body fluids ("gas bubble disease"). The probability of such fish
kills occurring in New Hampshire offshore waters is remote because of:

1) the lack of confinement, especially in the wvicinity of the proposed

discharge site, and 2) the relatively small pogulation densities typical

of New Hampshire menhaden "runs".
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Figure 5

L&

.1=21. Distribution of Alewife, g geudoharernus

in the Western Atlantic Ocean.



TABLE 5.1-10.

TEMPORAL DISTRIBUTION OF ALEWIFE, ALOSA PSEUDOHARZIGU.
IN NEW HAMPSHIRE COASTAL WATERS.

EGG AND LARVAL DENSITY (#/m°)

2
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| | 1 ! ! T
. Jan | Feb | Mar 1“\pr May |Jun |Jul {Aug | Sep |Oct |[Nov |Dec
/197 esgs |® | o] o o o o
‘ larvae ! ND ‘ 0 0 l e 0 0
’ !
1975 eses | 0 | o] o o ! o w| o | of o o002 o | o
! larvae| 0 | 0 o] o o N0 (0.099| o | o 0 ° 0
| e
é , i i ? f "
| 1974 eggs | 0 o| of of w|19| o | o o o | o o
| larvae; O | 0| O O | mDf0.0082.17 | 0 l0.185/0.006! O | 0
i 1973 e3es |0 | W | W | W | o] of o] elo (Y ey
, larvae| ¢ N>O | ND | ND | O | © }0.020.030.01 .005| 0 0
£ ! : i | ¥ i L3 1
ADULT DENSITY
(NUMBER PER 1000 SQUARE FEET OF GILL NET/DAY)
] | PO
- 1976 0 | 0| ©0]o0.08{0.72| 0o | o o.zsi 602} o | o 0
| ! ' f | I i ‘ :
1973 | 9| oj|oco8fozsi o |w | o 10.37, 0 |2.62 [0.07] o
| ‘l i { { | ! | ? | !
| 1974 ¢} ol o o e ! ! o | o o! o 0 0
ko 1 | | | j ’ | l
| 1973 W 5 w | w ' | o] o o o i o o | o| o
| | |
| 1972 ‘ ND ! ND ] w | w | | o [ ND 0 I 0 o | | m

ND = no data
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Figure 5.1-22. Alewife, Alosa pseudoharengus, relative temporal abundance

and thermal characteristics.
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Figure 5.1-23. Distribution of Menhaden, Frevoorts
in the Western Atlantic Ocean.
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TABLE 5.1-11. TEMPORAL OISTRIBUTION OF MENHADEN, BREVOORTIA TYRANNUS,
IN NEW HAMPSHIRE COASTAL WATERS.

EGG AND LARVAL DENSITY (#/md)

Jan Feb | Mar |Apr |May| Jun | Jul | Aug |Sep Oct Nov Dec
1976 eggs ND 0 0 0 0 0
larvae | ND 0 0 0 0 0
1975 eggs 0 0 0 0 o ND 0 0 0 0.002 0 e
larvae| O 0 0 0 0| ND |0.099 0 0 0 0 0
1974 eggs 0 0 0 0 ND| 1.9 ) 0 0 0 0 0
larvae| 0 0 ) ) ND |0.008({2.17 0 |0.185| 0.006 0 )
1973 eggs ND ND ND ND 0 0 0 0 0 0 0 0
larvae| O ND ND ND 0 0 |0.20 [0.03 |0.01 .005 0 0
ADULT DENSITY
(NUMBER PER 1000 SQUARE FEET OF GILL NET/DAY)
T
1376 0 0 | 0.02]|0.02]| 0.05 0.12] 0.02{ 0.02|/0.02 | 0.03 |0.02 0
1975 0 ) 0 0 o| ™ 0 0 ) 1.13 |0.02 0
1974 0 c 0 0 ND| 0.17| 0.25| 0.67] O 0 |0.02 0
1973 ND ND ND 0 0 0| 6.98] 0.05{0.05 0 |o0.10 0
1972 ND ND ND ND

ND = no
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New Hampshire is very near the extreme northward limit of the
reproductive range of this species (Bigelow and Schroeder, 1953); thus
only occasional local spawning activity is suggested by the data pre-
sented in Table 5.1-11. Particulars concerning menhaden thermal toler-

ance are presented in Figure 5.1-24.

5.1.13 Oncornunchus kisuteh

The coho salmon is an introduced west coast mariae fish (Figure
5.1-25) that spawns in fiesh water. The young spend about cne year in
fresh water before descending to the sea (Scarola, 1973). Sexually
mature individuals return aftar spending two years at sea (sometimes
after only one year for "precociocus" males). In New Hampshire the peak
of the spawning run usually occurs in October (Scarcola, 1973). Cohe
salmon have not been captured in the vicinity of the proposed intake and
discharge sites; however, in November 1976, four juveniles (length:
approximately 12 inches) were taken in Hampton-Seabrook estuary with a
beach seine. Information on thermal requirements for this species is

summarized in Figure 5.1-26.

5.1.14 Ogmerus mordcz

In marine waters (Figure 5.1-27) the rainbow smelt rarely
strays more than a mile or twe from shore. With the coming of colder
temperatures in the fall, these fish gather in harbors and embayments in
preparation for the spring spawning run to gravel bottcmed fresh water
streams. Data presented in Table 5.1-12 are consistent with this behavior
in that catches are demonstrably higher during coclder months. Eggs are
adhesive and are, therefore, not encountered in marine waters; the

larvae are only nominally encountered (Table 5.1-12).

Smelt prefer colder water (43-46°F; see alsc Figure 5.1-28)
which partially explains why the catch in the vicinity of the proposed

intake and discharge sites come mainly from near-bottom waters.
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Figure 5.1-24. Atlantic menhaden, Brevoortia tyramnus, relative temporal abundarce
and thermal characteristics.
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Figure 5.1-25. Distribution of Coho salmon, Omeocrhynchus kisuteh
in the Wesern Atlantic Ocean.
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TABLE 5.1-12. TEMPORAL DISTRIBUTION OF RAINBOW SMELT, OSMERUS MORDAX
IN NEW HAMPSHIRE COASTAL WATERS.
LARVAL DENSITY (#/m°)
Jan | Feb| Mar| Apr| May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
197 Larvae 0 0 0 o} 0.010 0 ND ND ND ND ND ND
1975 Larvae 0 0 0 0 |0.025| ND 0 0 0 0 0 0
1974 Larvae 0 0 0 | 0.04 ND 0 0 0 0 0 0 0
1973 Larvae 0 ND ND 8D | 0.06 |0.02 0 P 0 0 0 0
ADULT DENSITY
(#/10 MIN TOW)
197¢ 19.5 [22.9|45.6| 9.4 0o [o0.10 0 0 0 0 0o |1.17
1975 29.1 | 5.6 |22.0| 8.8 0 ND 1.7 0 0 0 0.1 0
1974 5.0 | 3.2 | 6.4/11.4| 0.9 | O 0 0.5 | 2.8 0 |14.6 | 38.5
1973 ND ND ND ND 0.45]0.55 | 1.2 | 0.7 | 0.5 |10.3 |42.5 |21.9

ND = no data
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Rainbow smelt, Osmerus mordaz, relative temporal abundance






Figure 5.1-29. Distribution of Pollock, Pollachiue virens
in the Western Atlantic Ocean.
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TABLE 5.1-13. TEMPORAL DISTRIBUTION OF POL.OCK, ~cii. %712 VIRENS,
IN NEW HAMPSHIRE COASTAL WATERS.
EGG AND LARVAL DENSITY (#/m°)
Jan |Feb |[Mar |Apr [May |Jun |Jul |Aug | Sep |[Oct |[Nov !Dec
1976 eggs| ND | 0.012|0.002/0.018| 0.054]0.036
larvae | ND 0.046|0.002 0 0.010(0.002
1975 eggs| 0.115/0.03 | © 0 0 | o 0 0 |0.012/0.084!0.045
larvae | 0.05 |0.295/0.024| o0 0 ND [0.002! o 0 o |0.052|0.237
1974 eggs| 0.78 |0.005! 0o 0 | o 0 0 0 o |o0.115/0.04
larvae | 0.50 |0.02 0.03 | 0 N> | o 0 0 0 o !0.09 |0.425
1973 eggs | ND | | | o 0 0 o | 0.00s8l0.28 |0.09 |0.78
larvae | (1) x| s | | o 0 0 0 0 0o {0.01 |0.0%
ADULT DENSITY
(#/1000 SQ. FT OF GILL NET/DAY)
1976 0 0 |0.02 !0.02|0.05{0.12 |c.02 |0.02{ 0.02 |0.03 |0.02! o
1975 0 0 0 0 0 N o 0 o |1.130.02| o
1974 0 0 0 0 ND 15,17 l0.25 |0.67] o 0 0 0
1973 ND ! so| o 0 o !6.98 [0.05/ 0.05| o |o.10]| o
1972 ND | | w| wl|o.s6e! w| o 0 o | | nd
__§

ND = no data
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Figure 5.1-31. Distribution of Winter flounder, Pseudople
mertcanus s 1n the Western Atlantic Ocean.
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Figure 5.1-32. Winter flounder, Pseudoplewronectes americanus, relative temporal
abundance and thermal characteristics.
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in ichthyoplankton collections. Distribution of the larvae and adults
in the vicinity of the proposed intake and discharge sites is shown in
Table 5.1-14.

S:1:17 Scomber scombrus

The Atlantic mackerel is a pelagic fish of the open sea, and
one of the most active and migratory species (Figure 5.1-33). 1In winter,
mackerel move into the moderately deep water of the outer con*inental
shelf; in spring, there is a general inshore and northeastward migration
(Leim and Scott, 1966). Spawning occurs in late spring to early summer,
with the area from the Chesapeake Capes to Massachusetts Bay constituting
the most important spawning area (Sette, 1943); other important spawning
areas are well to the north of Nova Scotia /Sparks, 1929). In New
Hampshire waters, both adults and early life stages (i.e. eggs and
larvae) have been taken during the reported spawning period (Table S.1-
15). Somewhat smaller numbers of adults have also been collected at the

time of fall withdrawal to winter quarters.

According to Bigelow and Schroeder (1953), mackerel "...shed
their eggs wherever their wandering habits have chanced to lead them
when the sexual products ripen." Also, "...mackerel vary so widely in
abundance over periods of years that the precise localities of greatest
egg production may be expected to vary from year to year depending on
the local concentrations of fish"”. Tne wide year-to-year variations in
egg abundance shown in Table 5.1-15 are consistent with these statements
of Bigelow and Schroeder (1953).

The scarcity of eggs in August collections is consistent with
data presented in Figure 5.1-34 which imply that late summer tempera-
tures in nearshore New Hampshire waters are marginal for normal devel-
opment. Furthermore, there is some indication from the spatial dis-
tribution of mackerel eggs and larva: (NAI, 1974d) that spawning is more
intense further offshors (i.e. two to three miles from the proposed

cooling water intake and discharge sites).
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TABLE 5.1-14. TEMPORAL DISTRIBUTION OF WINTER FLOUNDER, FSEUDO-
PLEURONECTES AMERICANUS, IN NEW HAMPSHIRE COASTAL
WATERS.

LARVAL DENSITY (#/m>)

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept | Oct | Nov | Dec
1976
larvae D 0 |0.005(0.088 |0.130]0.009
1975
larvae| 0 0 0 0 |0.012| ND [0.002| O 0 0 0 0
1974
larvae| O 0 |0.02 [0.02 ND o| © 0 0 0 0 0
1973
larvae 0 ND ND ND ‘9.46 0.61 |0.02 0 0 0 0 0
| o
ADULT DENSITY
(#/10 MIN TOW)
1976 0.50| 1.33| 1.18| 0.67| 1.67| 4.20| 2.00| 4.50| 6.42| 3.25| 2.92| 2.92
1975 0| 4.83] 0 1.67| 0 ND | 1.91| 0.58| 2.75| 1.58]| 1.50| 0.67
1974 1.50| 1.90| 0.25| 1.50{ 1.30| 1.33| 0.50| 2.83| 0O 3.00{ 0.50| 0.67
1973 ND ND ND{ ND | 0.40| 2.30| 4.05| 2.80| 4.25( 3.30| 0.95| 0.50

ND = no data



5.0-358

TABLE 5.1-15. TEMPORAL DISTRIBUTION OF ATLANTIC MACKEREL, SCOMBER
SCOMBRUS.

. B e e e e — e S ey - S

3

EGG AND LARVAL DENSITY (#/m~)
Jan | Feb | Mar | Apr | May | Jun {Jul | Aug | Sep | Oct | Nov | Dec
1976 Eggs ND 0 ) 0 |0.016| 0.784 ND ND ND ND ND ND
Larvae| ND 0 0 0 0 |0.023 ND ND ND ND ND ND
1975 Eggs 0 0 0 0 0 ND | 0.007 © 0 0 0 0
Larvae| 0 0 0 0 0 ND | © 0 0 0 0 0
1973 Eggs 0 0 0 0 ND 37.55] 0.41] © 0 0 0 0
Larvae| 0O 0 0 0 ND |0.69[15.50| O 0 0 0 0

ADULT DENSITY
(#/1000 SQ. FT GILL NET/DAY)

1976 0 0 0 0 |0.02 |0.790.60 3.59] 3.75 | 0.38 [ 0.25 | 0.49
1975 0 0 0 0 0 ND [1.39 0 0 [0.37]0.49 0
1974 0 0 0 0 0 0 [0.17 {0.58 0 0 |0.33 0
1973 ND ND ND 0 ]0.10 |2.081.46 [1.46 | 0.36 |0.99 | 0.68 |0.0S
1972 ND ND ND ND ND |0.56| ND 0 |21.04 |0.42 | ND ND

ND = No Data
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.
Figure 5.1-33. Distribution of Atlantic mackerel, Scomber gcombrus
in the Western Atlantic Ocean.
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Figure 5 1-34. Atlantic mackerel, Scomber scombrus, relative temporal abundance
and thermal characteristics.
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5.2 CONSTRUCTION EFFECTS

Impact of intake and discharge construction on nearshore
marine communities will be local and, generally, temporary although
con..xuction will result in the destruction of small areas of habitat at

each location.

The intake site is located near the outer edge of a large soft -
substrate area, and is composed of mixed sand and gravel (Figure 2.3-1).
Dominant invertebrate species include the amphipod. Acanthohaustorius
millis, Protohaustorius deichmannae, and Pctogeneia inermis the bivalve
Tellina agilis, the tubiculous polychaete Myriochele heeri, and the
burrowing anemone Edwardsia elegans (NAI, 1975i). Ensis directus and
juvenile Arctica islandica, both representative important species, occur
in low numbers at the intake site; fairly dense patches are located
closer to shore. Many species of bottom dwelling finfish also occur
near the intake site, and one of these, the winter flounder, is a re-

presentative important species.

The discharge site is lccated in a hard substrate area that
varies between large rocks and exposed ledge (see Figure 2.1-4). Dominant
invertebrate species include polychaete worms in the genus Spirorbis, the
amphipod Pontogeneia inermis, the barnacle Balanus balanus, the bivalves
Hiatella arctica and Modiolus modiolus, the gastropod Lacuna vincta, the
starfish Asterias sp., and a representative important species, the lob-
ster, Homarus americanus. Dominant macroalgae include Phyllophora
truncata, Ajarum cribrosum, Phycodrys rubens, Corallina officianalis,
and Ptilota serrata (NAI, 1975g, 1977a). The most abundant finfish in
the discharge area is the cunner, but pelagic species such as pollock,
mackerel and alewife, all representative important species, also utilize

the region during certair cimes of the year (NAI, 1977a).

Impacts on these species during construction of either the
intake or discharge will be temporary. During excavation of the approx-

imately one-tenth acre area for the intake structure, most benthic
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species will probably be destroyed. It is unlikely that Arctica island-
ica, Ensis directus, or any other infaunal species located in the imme-
diate construction area will survive excavation, and construction of the
intake area will also permanently destroy a small area of habitat for
these species. Finfish species such as winter flounder, obviously, will
be displaced and temporarily excluded from the immediate .rea of con-
struction. Similar destruction of habitat will occur during construc-
tion of the discharge, and attached organisms in the approximately one-
third acre area wi'l be destroyed. Motile forms such as lobsters,
crabs, and finfish will be displaced and temporarily excluiled.

It is also conceivable that an increase in suspended materials
derived from sediments disturbed during construction at either location
may affect benthic communitiss beyond the immediate construction area.
However, the nearshore zone is already subject to marked fluctuations
(see Section 2.2.8) in turbidity due to storm activity and organisms

living in the area are well adapted to such perturbations.

It is extremely important to reali.e that all species found in
the construction areas are widely distributed throughout coastal waters
in the Gulf of Maine and in most cases over a much wider area (NAI,

1975a, b; 1977). The total area disturbed by construction (less than
one-half acre) is so small compared with general distributions of potentially

affected ‘'pecies that the effects of this temporary disturbance for
local marine populations will be negligible.

5.3 IMPACTS DUE TO PLANT OQPERATION

L A Plume Entrainment

Thermal plume entrainment, in contrast with plant passage
(pumped entrainment) discussed below, is essentially a hydraulic pheno-

menon, involving the drawing of water from a recei.ing water body into a
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discharging stream. Thus, the plume consists of a mixture of the ori-
ginal thermal effluent, plus the entrained receiving water. Organisms
drawn into the effluent stream along with the receiving water experience
relatively brief temperature surges before being cooled to near-ambient

temperatures by the entrainment of more receiving water.

Discussion of the impact of plume exposure is organized,
below, under three headings: 1) the possibility of indirect effects
resulting from brief exposure, 2) sublethal symptc of prolonged expo-
sure, and 3) impact of passive plume entrainment at various stages in
the life histories of selected aguatic species. The last section is
treated in the greatest detail, and includes a gquantitative assessment
of impact on early life stages.

5.3.1.1 Indirect Effects of Brief Exposure

Indirect effects are here def.ned as latent or time-delay
effects which produce a response in some organ or life stage other than
the one 2xposed or which are related to heat exposure by a chain or se-
quence, of intermediary processes. This topic does not include a
discussion of symptoms in, or responses of, the exposed organisms or
life stage, as these are discussed in the sections to fcllow. Such
indirect effects as have been identified from the literature have been
listed in Table 5.3-l:

TABLE 5.3-1. [INDIRECT EFFECTS OF THERMAL PLUME ENTRAINMENT

1. Loss of egg buoyancy, leading to sinking;

2. Morphological abnormalities (deformities) in “ne
larvae resulting from exposure of the egg;

3. Depletion of food resources caused by heat induced
species composition shifts.
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The list is very short because heat is not a substance (like
a biocide, for example) which can accumulate and be passed up the food
chain, but a property which is readily passed off to a cooler body
{thermodynamics). Neither can one compare heat to extremely short-wave
electromagnetic radiation (from ultravioclet light to gamma rays). For
the most part, effects of heat are recognizable immediately; excess heat
alters (ultimately inactivates) cell chemistry, but (unlike short-wave
electromagnetic radiation) has never been known to produce a toxic

reaction product.

Of the three items on the list of indirect effects, the first
is mentioned (without documented evidence) by only one authority (de-
Sylva, 1969) and relates to the fact that the heated plume is less dense
than the underlying cooler water; hence, the loss of (positive) buoyancy
in the eggs. The consequences of the sinking are presumed by deSylva
{1969) to be: (1) encounter with bottom waters of poorer quality
(oxygen depletion, toxic products of decomposition, etc.) and (2)
attenuation of incident light below levels required for normal develop-
ment. Neither consequence appears ajporopriate under the conditions
which prevail off Hampton Beach. Furthermore, it is unlikely that the
egg would sink very deeply before encountering ambient densities,
whereupon the sinking rate would assume natural proportions. Atten-
uation of incident light (which is naturally subject to widely erratic
fluctuations, in any case) would seem to be of marginal effect, especially
considering the offsetting benefits in terms of reduced visibility to

potential predators.

The second item on the list considers the effect of early heat
exposure on subsequent (ulexposed) developmental stages. Both deSylva
(1969) and Kinne (1970) cite evidence for this, but only one primary
source (Battle, 1929) appears to deal with sudden brief exposure of the

type experienced during plume entrainment. While the hypothesis that
this response can be generalized for all aquatic organisms seems tenta-

tively acceptable, the point to be made from the experiments performed

is that the temperature elevations required %z produce this latent
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effect closely approach those which produce direct responses in the

organismes affected. Thus, a simple solution can be found in being

slightly on the conservative side with rega:d to assigning heat tol-

erance limits, as will be discussed further in Section 5.3.1.3.

The final item on the list is also mentioned by sevei-al
authors (deSylva, 1969; Kinne, 1970; Miller and Beck 1975) and pertains
to presumed (heat induced) changes in local faunal assemblages, which
result in replacement of native prey (food) organisms by less edible
species with greater tolerance of cooling-water system impact. Imbedded
in this hypothesis is a chain of assumptions each of which demand proof.
Suffice it to say here, however, that, with regard to the Seabrook
Station cooling system design, any argument advancing such an idea would
be particularly weak because of the measures which have been taken,
namely: location of the intake in offshore waters and employment o€ a
multiport diffuser (see Section 3.1) to protect coastal faunal assemblages
against any displacement on a broad scale. It should be erphasized,
that in the literature search, it was found that the overwhelming majority
of the investigations pertained to impacts associated with a closely

confined system, such as a lake, estuary, river or embayment; few studies

have dealt with such an unconfined system as is represented by the area

proposed for discharging cooling water from Seabrook Station.

5.3.1.2 Sublethal Effects of Prolonged Plume Exposure

Effects of prolonged exposure treated here emphasize those
which develop as a result of strongly swimming organisms (finfish,
shrimp, squid, etc.) deliberately choosing to remain in the thermal
plume. The situation is analogous to a person working in the sun on a
hot summer day. In fact, the first three effects listed in Table 5.3-2
are directly akin to symptoms of heat stroke and heat exhaustion that
might strike the summer sun laborer, unless he seeks protection. Appar~-
ently both fish a1 men are about equally likely (or unlikely) to seek
relief. At least one study (Spigarelli; 1975) showed that, although the
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TABLE 5.3-2. SUBLETHAL EFFECTS OF DELIBERATE PROLONGED EXPOSURE TO THERMAL
PLUME CONDITIONS. (FROM de SYLVA, 1964 and KINNE, 1970).

1. Increased metabolism (e.g., respiration, heart beat, enzymatic
activity, feeding and other body functions)

2. Increased sensitivity to other physiological stress (synergisms)

3. Neurological responses (dulling of reaction to stimuli, disorien-
tation, etc.)

4. Shortenina of duration of early life stages (e.g. early metamor-
phosis)

S. Out-of-phase reproductior and development

6. Morphometric changes (e.g. smaller body size at comparable growth
stage)

7. Decreased growth rate and body mass

8. Inactivation of thermally labile enzymes and proces.es dependent
thereon (e.g. those which control melanism -- the lightening
and darkening of body pigments)

9. Increase’ incidence of disease/parasitism
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fish tended to concentrate in the thermal plume, individual stays were

brief.

Again, it should be emphasized that information concerning
deliberate selaction of above ambient thermal conditions derives from

closely ccnfined areas where plumes are, more or less, in stationary

equilibrium. That such behavior will be evident at all off Hampton
Beach, with Seabrook Station in operation, is pure conjecture at this
point. The potentially impacted area is subject to strong actions of

wind and waves, not to mention tidal rotation of the currents (see

Section 3.3) It is expected that even the most persistent swimming
organisms will have to periodically relocate themselves in the plume,
thereby unavoidably encountering near ambient conditions for consider-
able amounts of time. Kinne (1970) and others (Miller and Beck 1975;
Wolfson, 1974) have concluded that the intermittent nature of this heat
exposure will considerably reduce the chance of developing symptoms and
effects listed in Table 5.3-2.

5.3.1.3 Demonstrations of Thermal Impact on Representative Species

Data presented in graphical displays (Section 5.1) were eval-
uated to determine an "impact threshold" temperature for larvae {(and
eggs, where appropriate) of the 9 animal species that have potentially
entrainable planktonic stages. The "impact threshold" temperature was
defined as the lowest temperature at which any detrimental effect
(including sublethal effects) could conceivably occur given the brevity
of exposure experienced during thermal plume entrainment. For a few of
these sp2cies (notably the pollock, Pollachius virens) values were
selected largely on the basis of intuitive reasoning (e.g., seasocnal
distribution of the larvae or eggs). On the other hand, for most spe-
clies (particularly, menhaden and winter flounder), the niture of the

available aata made selection of threshold temperatures i1ather clear.
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The month of maximum impact was simply the month in which peak
larval (egg) abundance usually occurred (Section 5.1). The critical At
(°F) was determined by subtracting from the "impact threshold temperature"
the monthly mean of daily water tamperature maxima (Table 5.3-3) for the

month of maximum impact.

Computing the number of individucls "critically" exposed to
the heat of the discharged water was accomplished using data on .
stage numerical density (Section 5.1). Volume-rate of entrainment, to
the point at which the plume will have cooled below the critical At (°F)
was estimated using the following formula:

Qe = Qd x (Ati- Atc)
Atc

where:

Qe = volume rate of entrainment (u3 per day) to the
critical At (°F) isotherm

Qd = volume rate of discharge at the diffuser port6 3
(equal to intake hydraulic loading, 4.66 x 10 m
per day)

Ati. initial At at the diffuser port (39°F)
Atc- critical At, from cclumn 5, Table 5.3-3.

Entrainment volume rates (Qe) are given for each of the nine species in
column 6, Table 5.3-3. Estimation of the number of organisms hypothet-
ically entrained in the “"critical® portion of the plume (columns 7 and

8, Table 5.3-3) was accomplished simply by multiplying organism num. r-

ical density (per m3) by Qe.

The numbers indicated in Columns 7 and 8, Table 5.3-3 are
extremely conservative and should not be construed to imply direct mor-
talities. At least two studies (Hubbs and Bryan, 1974; Schubel, 1974)
made it clear that fish eggs are unlikely to be killed outright by
exposure toc heated discharges. Similarly, copepods and bivalve larvae
acute mortali:ties have been shown to be insignificant (NAI, 1976a),
given the brevity of the exposure. Maximum exposure times (column 2,

Table 5.3-3) were obtained fron physical and analytical models of the
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[MPACT DUE TO DISCHARGE PLUME ENTRAINMENT.
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tw ¢ |Ez |ERQ VOLUME y (SECONDS )
ot gg §3 g AT RATE SQe) ACUTE AN {UAL
; °F 1 (10°n7/day) |(MILLTONS/DAY)/BILLIONS
SPECIES (1) (2) | (3) | (4) |(9) (6) (7) (8) (9}
Copepod, Eurytemora herd- | Adults
—— Juveniles| &8 Jun | 56 12 10.48 35,100 2166. 4.0
Mussel, Mytilus edulis Larvae 69 Jun 56 13 9.32 37,280 3635, 3.4
Clam, Mya arenarid Larvae 79 Aug 64 15 .46 1,179 133 2.6
Lobster, Homarus amer-
icanus Larvae 86 Aug 64 22 3.60 0.21 . 009 2.5
Smelt, Osmerus mordax Larvae 64 May 49 15 7.46 0n.45 ol8 2.6
Flounder, Pseudopleur-
onectes americanus Larvae 78 oun 56 22 3.60 g2 .122 3.8
Menhaden, Brevoortia Eggs i Jun 56 19 4.91 9.33 200 1.8
tyrannus Larvae 83 Jul 62 21 4.00 8.68 2134 l.e
Pollock, Pollachius Eqgs 59 Nov | 49 10 13.51 15.95 770 6.0
virens Larvae 49 Jan | 40 P 15.53 1.76 412 8.0
2
Mackerel, Scomber Eqgs 65 Jun | 56 9 15.53 583. 17.7 8.0
scombrus Larvae 68 Jul 62 [ l 25.63 397. 12.4 30.0
2

lequivaunt to the production of
3422 average females (Bigelow und

Schroeder, 1953)

applied only in years when local waters serve as im-
portant breeding grounds (see section 5.1); equi-
valent to the production of 39 thousand average

females (Bigelow and Schroeder, 1953)

99=0°¢
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proposed Seabrook Station cooling water discharge system based on
homogeneous conditions for a very low ambient current velocity; there-
fore the values represe. : conditions which tend to overestimate the

limits of the thermal plume.

The influence of the thermal plume on intertidal organisms,
particularly those attached to the Quter and Inner Sunk Rocks must alsc
be considered as part of the plume entrainment issue. The sporeling
stage of Chondrus crispus may be considered a thermally sensitive inter-
tidal indicator. The critical At for Chondrus sporelings is evaluated
to be +7°F (Section 5.1.4). Hydrothermal model tests, conducted by
Alden Research Laboratories to predict thermal plume behavior, both
under normal operating conditions and during backflushing, show the
worst case to be encroachment of the +4°F isotherm upon these rocks.
Therefore it is not anticipated that intertidal impact of the thermal
plume will be detectable.

On the other hand, there is some indication (Section 5.1.9)
that elevating the temperature of the water surrounding the sunk rocks
by 2 or 3°F may be detrimental to the settlement of pediveliger larvae
of Mytilus edulis for brief periods during summer. A few hydrological
model scenarios show that optimum temperatures for settlement may be
exceeded when ambient sea surface temperatures exceed approximately 67-
69°F.

8.3, 2 Entrapment

Nektonic organisms too large to pass through the condenser
cooling system, such as squid and finfish, may be drawn into the intake
structure and trapped or impinged upon the plant's traveling screens.
Any living organism thus entrapped or impinged is susceptible to
injury and, ultimately, death unless escape is possible. Since the
Seabrook Station cooling water system configuration with widely
separated intake and pump house locations generally precludes incor-

poration of an effective escape mechanism, the task of mitigating ad-
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verse impingement and entrapment effects is best achieved by designing

an intake structure with a low probability of entrapping nektonic animals.

The design of an intake structure that adequately safeguards
the environment involves several steps. Guidance for such a procedure
is available in the "Development Document for Proposed Best Technology
Available for Minimizing Adverse Environmental Impact of Cooling Water
Intake Structures" U.S.E.P.A., 1973). According to this document the
"best technology available" for a cocling-water intake is one that
minimizes the impacts of entrainment and entrapment.

The first step to reduce the potential magnitude of potential
entrapment and impingement impacts is to gather sufficient information
on the characteristics of the biclogical community to be protected. For
Seabrock Station, studies of the temporal and spatial distribution and
abundance of the nekton have been under way for over five years. Particular
emphasis has been placed on identifying the location of fish spawning
grounds, migratory pathways, nursery areas and other similarly critical
areas. Natural water temperatures have been measured nearly continuously
in these waters for over four years. Information has been gathered on
fish swimming capabilities for many local species of importance. All of
these study findings have been useful in locating and designing a cooling -
water intake structure reflecting the best technology available for
minimizing adverse effects. Based on this knowledge of the marine environment
offshore fr-m Hampton, the basic criteria set forth bv the U.S. EPA
for an acceptable intake location are met in that the area may be character-
ized as follows: (1) No rare or endangered species are fcund in the area;
(2) the area does not serve as a principal migratory pathway for imporstant
commercial and game-fish species; (3) the area does not serve as a
principal spawning or nursery area for any important commercial or game
fish; and (4) the area is not biologically dissimilar from other New
Hampshire coastal waters. Furthernore and very important, the intake

structure will draw water essentially from just below the mid-level of

the water column, the level of lowest fish abundance.




After fixing the location, the design was optimized. The
proposed intake structure design incorporates a velocity cap to allow
horizontal water ent.y. Experience with the velocity cap at other power
plants has shown that entrapment is sharply reduced, as fish sense
horizontal currents better than vertical currents and thereby are better

able to avoid possible capture.

The velocity cap intake concept originated in California when
in 1957 Southern California Edison Company sought means of minimizing
fish entrapment at their then proposed Huntington Beach Steam Station.
This station is located on the ccast and draws its water from offshore,
as will Seabrook. Offshore intakes in California, prior to this date,
were of the simple standpipe type and had an essentially vertical intake
flow. At times, existing stations such as the El Segundo and Redondo
Beach plants were known to entrap relatively large gquantities of fish.
Studies were initiated in an effort to improve this situation. These
studies were essentially of the laboratory type involving physical
modeling of different intake structures and included testing with live
fish, and are reported in detail by Weight (1958).

Weight's (1958) investigation disclosed that fish generally
reacted poorly, or not at all, to vertical current wvectors, but did
perceive and orient to a horizontal current and, thus, were in a better

position to avoid entrapment. From this finding developed the concept

of a velocity cap which could be placed over the existing standpipe intakes,

thereby converting the approach currents to horizontal. Since this was
a laboratory study with scale models and small fish, the next step was to
apply the velocity cap principle to full-scale tecsting.

Based on the labcratory results, a velocity cap was designed
and installed at El Segundo Station. Comparison of fish entrapment
figures before and after installation revealed that the velocity cap re-
duced the numbers of fish entrapped up to 90%. As a result of this
proven effectiveness, similar caps were retrofitted at all Scuthern

California Edison Stations with ocean intakes and were incorporatred into
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all new designs. The concept was alsc adopted by the Los Angeles Department
of Water and Power for their Scattergood Station. As further testimony

to the device's effectiveness, entrapment rates at Scattergood increased

an order of magnitude when the cap was lost for a short time as a result

of a storm.

Subsequently, additional scale model studies have een con-
ducted in California, as reported by Downs and Meddock (1973) and Schuler
and Larson (1975). These authors concluded: (1) Velocity-capped offshore
intake structures offer significantly more protection to fishes than do
uncapped structures. This is simply a confirmation of Weight's (1958)
results; (2) When approach velocity is reduced [or a given velocity cap
the numbers of fish entrapped decrcases. With a control velocity cap
intake at 2.5 ft/sec, the percent reduction from control for various
test caps of lower velocity ranged for one test fish species (anchovy,
Engraulis mordax) from 70% at 2.0 ft/sec to 6% at 0.5 ft/sec. Two other
test species (white croaker, Genyonemus lineatus:; and walleye surfperch,
Hyperprosopon argentium) showed comparable values -- 67% at 2.0 ft/sec
and 24% at 1.0 ft/sec; (3) Existing caps were found to have a non-
uniform approach velocity from top to bottom of the annular opening,
with much higher current speeds at the lower lip. Corsequently, it was
near this lower edge where most fish were drawn in. To correct this,
caps were modified to extend both caps and lower lips liorizontally from
the standpipe (the so-called "T" structure). This modified design was
tested against earlier caps and was shown to take 30% to 40% less fish.
Further experimentation with this improved structure showed a definite
velocity effect. The mean percent of fish entrapped, relative to a
2.5 ft/sec control, ranged from 12% at 1.5 ft/sec to 57% at 2.0 ft/sec;
(4) drawing from the "T" structure concept, a circular modified
structure, with an extended horizontal riser (see Figure 3.3-1) was
designed and tested against both the "T" structure and the conventional
cap curvently in use. The circular modified cap was as effective as the
"T" structure while offering certain engineering advantages. In compar-
ison with the conventional cay. the circular modified structure took
30% to 40% fewer fish; (5) for both engineering and fish protection
reasons, the circular modified structure with an approach velocity of

1.5 ft/sec was considered.



The design of the Seabrook intake structure incorporates all

of the entrapment-mitigating features illuminated by the California lab-
oratory and operating plant experiences. The intake will incorporate a
circular velocity cap located approximately just below mid-depth. This
depth was selected because studies to date (NAI, 1975h) have shown it to
be the area of the water column least-frequented by fishes; it will be
above the area utilized by demersal forms and below that generally used
by the surface-oriented, pelagic migratory forms. Threshold velocities
at the outer margin of the cap orifices will be uniformly about one ft/
sec. As the following table (5.3-4) illustrates, this is well below
both the burst and sustainable swim speeds typical of local finfishes:

TABLE 5.3-4. NORMAL AND BURST SWIMMING VELOCITIES OF SELECTED FINFISH

SPECIES.
SUSTAINED BURST
SPECIES VELOCITY VELOCITY SOURCE(S
Clupea harengus 2-4 ft/sec (Blaxter & Dickson, 1959;
Brawn, 1960; Boyar, 1961)
Morone saxatilis 2 ft/sec (Kexr, 1953; Tatham, 1970;
Bibko et al., 1972)
Pollachius virens 2 ft/sec 6 ft/sec (Blaxter & Dickson, 1959)
revoortia tyrannus 2 ft/sec 4 ft/sec (field observations Mill-
stone Station)
Scomber scombrus 6 ft/sec 10 ft/sec (Blaxter & Dickson, 1959)
Gadus morhua 2.5 ft/sec 7 ft/sec (Blaxter & Dickson, 1959;
Beamish, 1966’
Pseudopleuronectes
americanus 2 ft/sec 4 ft/sec (Beamish, 1966)

Most fishes should therefore have no trouble detecting, orienting to, and
escaping the low-velocity horizontal currents which will typify the Seabrook

intake structure.
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In addition to incorpcrating the design features found to be
effective through West Coast powerplant intake experiinces, an additional
measure has been included in the Seabrook design co further reduce entrap-
ment potential. Based on knowlaedge of the resident ichthyofauna, it
appeared that the cunner (Tautogolabrus adspersus, could be relatively
susceptible to entrapment because of its feeding habit; cunner browse
hard-substrate attached forms (e.g., barnacles and blue mussels). To
eliminate the potential attractiveness of an invertebrate covered struc-
ture to cunner, the exterior surfaces of the intake structures will be

covered with an antifouling material (see Section 3.5.4).

As a final consideration, various regulatory agencies have
adopted a position favoring the Seabrook-type velocity cap intake struc-
ture for coastal cooling systems. The U.S. Atomic Energy Commission
funded a review of powerplant intake structure designs and their environ-
mental acceptability. This study was conducted by the Hanford Engineering
Development Laboratory, a subsidiary of Westinghouse Electric Corporation,
and resulted in a report entitled, "A Review of Thermal Power Plant Intake

Structure Designs and Related Environmental Considerations" (Sonnichen,

et al:, 1973). ©One of the conclusions reached was that for offshore intakes,

"use velocity caps, or accept lower intake velocities”. This is an espec-

ially significant conclusion in that the velocity caps reviewed had approach

velocities greater than 2.5 ft/sec. It implies that velocity caps are
unlike conventional shoreline intakes or standpipes, and that they can
successfully operate with approach velocities greater than those typically
recommended for intakes without caps. Similarly, the U.S. Environmental
Protection Agency (USEPA, 1973) concluded that:

"...The 'velocity cap' intake can be recommended to be
considered for all offshore vertical intakes since it
would add relatively little to the cost of the intake,
and has been shown to be generally effective in reducing

€ish intake to these systems..."
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These regulatory agency findings substantiate previously established
conclusions that the Seabrook Station intake structure design represents
an environmentally acceptable device which will minimize the adverse

effects of impingement and entrapment on the indigenous nekton.

5.3.3 Passage Through the Cooling-Water System; Pumped Entrainment

Mortalities attributable to mechanical and hydraulic stress on
organisms pumped through electric generating station rooling-water systems
have been documented (McLean, 1973; Bunting, 1974; Davies and Jensen, 1974).
Combined with the heat stress (up to +39 F At) it is reasonable tc assume
that few, if any, RIS individuals would survive passage. Thus, assessment
of losses due to pumped passage need only account for expected population
densities (m3) and the hydraulic loading (approximately 4.66 x 106 n3/day1).
ignoring the distinctions in RIS thermal tolerances. Results of his approach
are shown in Table 5.3-5.

5.3.4 Backflushing

Estimations «f impact on nine representative, important animal
species, having planktonic stages, which have the potential for being
exposed to the backflushing plume, are presented in Table 5.3-6. The
format is identical to that discussed above (Section 5.3.1.3). Critical
entrainment volumes given in Table 5.3-6 were obtained from physical and
analytical models of the proposed Seabrook Station cooling-water system
as it is expected to operate during backflushing (Figure 5.3-1). The
volumes listed in Table 5.3-6 were calculated with the assumption that
the backflush cycle will discharge 120 F water for 6 hours when in reality
120 F water will be discharged for 2 hours to accomplish biofouling control
(see Section 3.5.2) Although this assumption simplifies the calculations,
it does result in an overestimation of volume entrained at 120 I and
therefore of thermal impact of the back {lush plume. In other words, it is

a "worst case" estimate.



TABLE 5.3-5. QUANTITATIVE ASSESSMENT OF RELATIVE IMPACT DUE TO PASSAGE THROUGH THE COOLING -
WATER SYSTEM.

MAXIMUM NO. OF INDIVIDUALS
PASSING THROUGH PLANT
ACU[E ANNUAL
(MILLIONS/DAY) (BILLTONS)
Copepod, Eurytemora herdmani
adults and juveniles
Mussel, Mytilus edulis
larvae
Clam, Mya arenaria
larvae 736 83
Lobster, Homarus americanus
larvae 0.28 .012
Smelt, Osmerus mordax
larvae 0.28 .011
Flounder, Pseudopleuronectes americanus
larvae 2.8 .158
Menhaden, Brevoortia tyrannus
(Eggs) 8.9 .266
(Larvae) 10.1 .331
Pollock, Pollachius virens
(Eggs) 3.6 . 266
(Larvae) Xed .124
Mackerel, Scomber scombrus
(Eggs) 175.0 5.32
(Larvae) 72.2 2.26

PL=-0"S



TABLE 5.3-6.  IMPACT OF SUBLETHAL EXPOSURE TO CRITICAL PORTION OF THE
THERMAL PLUME DURING ONE COMPLETE BACKFLUSHING OPERATION,
SEABROOK STATION.

Species Stage Critical Max, observed | Maximum Mo, | Overall Impact
Entrainment |Orgsm, Density| Individuals
Vol. (x10% m?) (No./m?) £xposed

Copepod Adults and 9 "
Eurytemora herdmeni javeniles 5.22 33150 17.5 billion negligikle,

Mussel .
wyeilus edulis larvae . 19.0 billion negligible,

Clam "
Nya arenaria 10.1 billion neiligible,

Lobster '
Homarus amer:canus 159 thousand negligible,

Smelt )
Osmerus mordax 243 thousand | negligible, ?}

Flounder
Pseudopleuronectes v 1.62 million | negligible,
americanus

Menhadsn 5.85 million | negligible,
Brevoortia tyrannus N " $.97 million | negligible,

Pollock $.02 million negligible,
Pollachius virens o2 R’ 3.62 million | negligidle,

Mackerel 273 million negligible,
Scomber scombrus . 176 million negligible,

RP = high population potential; H = potential losses insignificant compared
to direct fishing pressures; NB = local area not important as a breeding
ground; S = potential loss insignificant compared to natural mortality (i.e.
starvation, predation and disease)
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Estimation of the number of organisms theoretically entrained
in the "critical" portion of the plume (Table 5.3-6) was accomplished by
multiplying the organism's maximum density (per m3) by critical entrain-
ment volume, as in Section 5.3.1.3. These numbers are extremely conserva-
*ive, given the brevity of exposure (e.¢., 4l seconds to 4t > +10 F), and
should not be construed to imply direct mortalities. As previously stated
in Section 5.3.1.3 Hibbs and Bryan (19%74), and Schubel (1274) have shown
that fish ecgs, in particular, are unlikely to be killed outright by expo-
sure to typical heated discharges. Similarly, acute mortalities of cope-
pods and bivalve mollusc larvae exposed tc discharge plumelike conditions
have been shown not to differ significantly from controls (NAI, 1976a).
(In this thermal biocassay, planktonic orcanisms were exposed to a temper-
ature that decreased from a At of 5 F in approximately 30 seconds. The
animals were subsequently held at At of 5 F for approximately 1 hour).

Table 5.3-6 shows maximum potential exposures for one complete
backflushing operation. Given t . nroposed schedule of two backflushings
per month during the principal fouling season (epproximately April through
October), and no more than one backflushing per month during the colder
months, it is unlikely that backflushing will have an impact on the life
cycle of any one species more than 2 to 3 times annually due to the rela-
tively short planktonic period of meroplanktonic species. Certainly,
there would be only a single yearly episode of the magnitude presented
in Tab.: 5.3-6; in most instances, the chance that the impact would be
as great as suggested in Table 5.3-6, in any given year, is less than
likely. In the case of the mackerel, for example, egg and larval densi-
ties have been an order of magnitude or more below the densities given

in Table 5.3-6, in five years out of the six studied.

Considering such variables as 1) the size and area occupied by
the reproducing stock; 2) natural causes of mortality, such as starvation,
predation, and disease; and 3) fishing pressures to which several of the
species are subjected, periodic backflushing on the indicated schedule will
have only negligible impact on plankton. Natural mortalities of between

5% and 1l% of the total New Hampshire coastal population per day have been
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estimated for the copepod, EBurytemora herdmani (NAI, 1974e) and for the
larvae of finfish closely related to some of the representative important
species considered here: Gadiod fish (Jones and Hall, 1973) and plaice
{Cushing and Harris, 1973). These natural mortalities occur not just in
the vicinity of the backilushing plume but over vast areas of the ocean.
In the case of the pollock, for example, backflushing plume exposure
would be eguivalent to the natural daily death rate in 1/10 square mile
of ocean, according to population simulation model results (Jones and
Hall, 1973).

5.4 TOTAL IMPACT

A summary of the foregoing discussions is presented in Table
5.4~1. Such numerical assessments as are presented here are meant to
provide some measure of the relative sensitivity of the RIS toc thermal
effects, they are not intended as predictions. Due to the use of con-
servative assumptions throughout this exercise, these numbers undoubtedly

overestimate the true impact.

Consideration of entrapment impact applies only to larger bodied
RIS, the American lobster and the seven representative finfish species.
Since the intake structure will stand 8 to 10 feet above the sea floor,
entrapment of lobsters and other demersal forms, e.g., flounder is not
an important consideration. Expected finfish entrapment impacts have been
discussed in Section 5.3.2. Although there is no feasible means of put-
ting entrapment impact into guantitative terms until Seabrook Station is
in operation, it has been pointed out (Section 5.3.2) that the intake
structure will incorporate certain design features expected to be very

effective in minimizing entrapment potential.

In the case of plant passage (pumped entrainment) projected
numerical impact is expected to be largely lethal. However, in the case
of thermal plume exposure, negative impacts, if they occur, are expected

to be largely sublethal and/or indirect (for example, temporarily dimin-
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ished ability to feed or escape predation). Even so, exposure to crit-
ical plume temperatures will be so brief (less than 10 seconds except in
the case of mackerel larvae; see Table 5.3.3), that it is extremely like jy
that the numbers grossly exaggerate incipient mortality due to encounter

with either the normal discharge or backflushing plume.

Comments in the extreme right hand column of Table 5.4-1,
entitled: "Overall response expected"”, are based on speculations concern-
ing those life phases or processes which would most likely represent the
RIS response. In the case of the phytoplankter, Skeletonema costatum,
inactivation of aljal cells passing through the plant may be offset by
a stimulatory effect, and possibly a competitive advantage conveyed during
winter, from the dissipated heat of the thermal plume. Therefore the
"overall" response is assessed as neutral. A similar argument applies
to the red tide alga, Gonyaulax tamarensis, except that the effect of
local upwelling on t.is species is as yet unclear. Only spores of Irish
moss, Chondrus crispus, will pass through the cooling system. Where the
dissipated heat from the thermal plume comes in contact with the attached
plants, some unseasonable growth may be supported. Again, as in the case
of Skeletonema, any potential detrimental or beneficial effects are
expected to be éffectively neutralized by other extrinsic factors (such
as available light) which strongly control the growth and survival of

plant species.

Among the animal species the situation is even more complex.
Heat from the dissipated plume, however, is not expected to convey any
advantage to the species listed in Table 5.4-1. Holoplanktonic species,
represented by the copepod, Eurytemora herdmani, will be entrained at
all life stages. The potential effects of powe~ plant operation on
such holoplankrers should be mitigated by their enormous recovery rate,

which is due primarily to a short breeding time and a sidely dispersed

breeding stock.

Bivalve molluscs, represented in Table 5.4-1 by four species,

are potentially vulnerable primarily at the pelagic larval stage. Although
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If it is assumed that the backflushing operation occurs three
times during the soft-shell clam's peak density of 2500/m°, then it fol-
lows from Table 5.3-6 that approximately 30 x 109 larvae will be briefly
exposed to a critical At or higher each year.

In computing the equivalent impact of pumped encrainment of
larval clams in terms of yearling clams (shell length approximately 20
to 37 mm), the following survival ratios must be included: 1) umboned
stage (point at which NL is established) to young ot the year (Sl) and
2) young of the year to yearling (sz). Thus, the equation:

oSN

is sclved as:

N, = 0.002 x 0.022 x 83 x 10° = 3,652,000
According to tables provided in Belding (1931) it would take approximately
250 clams averaging 32 mm in shell length to £ill a gquart measure. Thus,
the potential resource loss would be equivalent to 14,600 quarts (456

bushels) of yearling clams.

Similar calculations were performed for two year old clams.
In this case, survival from the end of the first year to the end of the
second year of settlement must be factored into cumulative survivorhip.
Thus:

NA = slszsst

= 0.002 x 0.022 x 0.265 x 83 x 10° = 967,780

It would take approximately 92 clams of this age (average shell length:
44 mm) to fill a quart measure (Belding, 1931); thus, the potential
resource loss would be egquivalent to approximately 10,520 quarts (329

bushels) of clams.
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Table 5.4~3 summarizes the results ¢{ equivalency computations
for age groups up to 5 years. Assuming that this potential loss averaged
across each of the five age groups, fairly represents the potaential loss
to New England clam diggers, then the loss of 196 bushels per year due to
pumped entrainment, 314 bushels per year due to plume entrainment, and
70 bushels per year due to backflushing, for a total of 580 pushels, is

offered as a conservative assessment.

It has been estimated (NAI, 1977¢c) that there are approximately
2500 acres of clam flats, in southern Maine, New lampshire and northern
Massachusetts within the potential influence of Seabrook Station.
Hampton-Seabrook estuary is estimated to have approximately 175 acres of
clam flats. 1If these flats are assumed to be equally affected, then
approximately 7% of this loss (totalling approximately 40 bushels) can be
assessed against Hampton-Seabrook estuary.

I+ becomes readily apparent that, based on these conservative
calculations, potential soft-shell clam resource losses due to operation
of Seabrock Station can hardly be expected to be notable. In 1975-1976,
clam dicgers apparently removed approximately 3600 bushels from Hampton-
Seabrook flats, despite the drastically reduced stock (NAI, 1977¢). The
annual loss tc the Hampton-Seabrook flats attributed to operating Sea-~
brook Station, by the above calculations, amounts to only 1% of this

harvest rate.

Lobsters, Homarus americanus, are heavily overfished inshore
throughout northern New England so that the principal impairment of stock
replacement is the taking of adult animals which would otherwise breed
and propagate young. The relatively few larvae which do enter New Hamp-
shire waters are sparsely and unevenly distributed so that even the large
quantities of sea water to be used by Seabrook Station for cooling will

entrain relatively few of them.
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TABLE 5.4-3. ESTIMATES (F POTENTIAL LOSS BY AGE GROUP.

AGE SHELL LENGTH TOTAL NUMBER DRY MEASURE EQUIVALENT
(YRS) (MM) (NA) QUARTS BUSHELS
a. Plant Passage (Pumped Entrainment)

1 20-37 3,652,000 14,600 456
2 37-52 967,780 10,520 329
3 46-60 266,140 4,670 146
4 53-64 53,230 1,280 40
5 59-67 8,090 253 B

Average 196

b. Discharge Plume Entrainment (Normal Operation) *

1 20-32 5,843,200 23,260 730
2 37-52 1,548,000 16,800 526
3 46-60 425,800 7,470 234
4 53-64 85,170 2,050 64
5 59-67 12,900 405 13

Average 314

¢. Backflushing *

1 20-37 1,320,000 5,280 165
2 37-52 348,000 3,783 118
3 46-60 93,000 1,632 51
4 53-64 18,000 433 14
5 59-67 2,700 84 3

Average 70

Overall Total 580 +

1 Estimates are doubly conservative, given that the brevity of
discharge and backflush plume exposures above critical
temperatures will be unlikely co result in 100% mortality.

-

As discussed in the text (Section 5.4), approximately 7% of
this loss or 40 bushels is assessed against Hampton-Seabrook
estuary which represents approximately 1% of the 1976 annual
harvest rate.
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Of the seven finfish species included among the representative
important species, three of them (alewife, salmon and smelt) are anadro-
mous, meaning that the reproductive products and the very young fry will
essentially be absent from the vicinity of the offshore cooling water sys-
tem. In addition the winter flounder has demersal eggs, which preclude
their being entrained by a near midwater level intake system. Important

breeding areas of the menhaden, which is only a warm water visitor to
the area, are well to the south of Cape Cod. Mackerel breed while in
migratory transit, and thus only infrequently utilize New Hampshire
waters as a breeding ground.
'

Perhaps a "worst case" of impact from the cooling water system
on a finfish species would involve pollock which are reported to have an
important spawning area nearby (Section 5.1.15). 1If the highly conserva-
tive numerical values given in Table 5.4-1 are taken to be additive it
cannot be conceived that total larval losses could possibly exceed 536
million in a sin~le year. As previously cited (Section 5.3.4), Jones
and Hall (1973) have developed a simulation model for the growth and
death of haddock larvae (a species taxovnomically related to pollock)
which indicates a death ate of 10% per day. A similar modeling effort
by Cushing and Harris (19/.) showed a mortality ri e of 5% per day (80%
per month) at larval densities between 1 and S5 per m3. These natural
losses, which are projected to occur primarily due to starvation, would
amount to 50 million larvae lost per square mile per day using the Jones
and Hall (1973) approach, or approximately one larvae for every 8 m3 of
seawater using the Cushing and Harris (1973) method. Considering the
amcunt of seawater in the immediate vicinity of Seabrook Station (New
Hampshire territorial waters, to 3-mile limit, enclose approximately
54 square miles of ocean) it appears that natural causes may bring about
the destruction of more finfish larvae in one day than Seabrook Station

would destroy in one year.

It seems reasonable to conclude that, in evaluating the total
effect of all hazards to marine life, construction and operation of

Seabrook Station can be expected to play a relatively minor role. The
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prospect of negative impact by this powerplant on indigenous plant and
animal communities is greatly diminished given the perspective of

natural causes of mortality. The major challenges :¢ population survival,
namely: widespread dispersal of early life stages beyond areas presently
suited to adult development, starvation, predation and disease have been
met and overcome long ago in the evolutionary history of the marine

organisms now inhabiting the area in gquestion.

In addition to the inherent capability of these populations to
compensate for stresses, the design of the cooling water system has incor-
porated several features which should further mitigate the impact on indi-
genocus populations resulting from operation of the Seakrook Station. These

features include:

I Minimization of cooling water volume in order to limit
the number of planktonic crganisms subjected to p.aped

entrainment;

8 Use of a diffuser on the discharge to expedite the cool-
ing of the heated discharge water and limit the areal
extent of water with temperatures greater than a At of
5 F;

3 Location of the discharge structure over a mile offshore
in water greater than 50 feet deep in c:der to assure
greater cooling of heated discharge water before it reaches
thke surface and to minimize the potential of the heated
plume impinging upon intertidal area on shore;

4. Location of the intake structure over a mile offshore,
10-17 feet off the bottom in water greater than 50 feet
deep to minimize entrapment of demersal species and
surface-oriented migratory fish as well as buoyant
fish eggs, in addition to permitting zones-of-passage
for migratory fish both inshore and offshore of the

intake location;
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Use of a circular velocity cap and low intake approach

velocities (1 foot per sec) to minimize fish entrapment;

Use of anti-bicfouling material on intake structures to

minimize entrapment of "grazing" fish species.



GLOSSARY OF PERTINENT BIOLOGICAL AND HYDROGRAPHIC TERMS

acclimation

algae

anadromous

aguaculture

aquatic
Arthropoda

assimilation

association

assemblage

benthic

benthos

habituation or adjustment to altered environ-
mental factors (e.g., temperature)

several groups of simple agquatic plants, attached
to surfaces (e.g., seaweeds) or floating freely
in the water column (phytoplankton)

ascending rivers from the sea, at certain sea-
sons, in order to breed in fresh water

the farming of fish, shellfish, algae and other
aquatic organisms

growing or living in, or frequenting, water

a phylum consisting of animals with articulated
bodies and limbs. The more important classes of
this phylum are the insects, arachnids (spiders)
and crustaceans

the uptake of food or other materials for ircor-
poration as new biomass

(ecologically) a subunit of community organiza-
tion identified by its major organisms

(ecologically) a group of organisms occurring
together with no implied interdependence

pertaining to the subaguatic bottom

aquatic organisms living on or in the bottom
strata or substrata (sediments) of a water body

h epibenthos (epifauna): pertaining to
organisms crawling over the bottom (starfish,
crabs, etc.)

&% infauna: pertaining to organisms burrowed
within the bottom substrate (clams, worms,
etc.)

3. meiofauna: tiny benthos which pass through
a 1 mm screen but are retained on a 0.062 mm
screen (e.g., harpacticoid copepods, nematodes)

T e R SRR R
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4. macrobenthcs (macroinvertebrates): larger
bodied forms, including all benthic organisms
of direct economic value to man

biocassay a test, conducted in the laboratory or natural
environment (ir situ), in which organisms are
used to detect or measure the presence or effect
of one or more substances or conditions, i.e.,
toxic chemicals or conditions

biota the living part of a system (flora and fauna)

biotic community plant and animal populations occupying a given
area, with a demonstrated interdependence (e.g.,
predators and prey together)

Brachiopoda a group of animals having bivalve shells within
which is a pair of microscopic, tentacle-bearing
"arms" used in feeding

Chaetognatha a group of small, free-swimming marine worms
having movable, curved jaws (chaetae) on either
side of the mouth

Chordata a phylum of animals which have, at some stage of
de: =lopment, a "notochord" (longitudinal elastic
supporting rod), a dorsally situated central ner-
vous system, and gill clefts. All vertebrates,
and some marine invertebrates (such as the acorn
worms, tunicates, etc.) are members of this phylum

Coriolis effect an apparent force which accounts for the effect
of the earth's spin on particles moving over the
face of the earth; in the Northern Hemisphere the
apparent deflection is to the right

crustacean (class:Crustacea) includes the crabs, crayfish,
lobsters and shrimps; characterized by a hard outer
shell (carapace) over the head and mid-body (thorax)

demersal living near the sea floor

densimetric Froude

Model a laboratory based model in which one or more
nondimensional numbers represent physical factors
such as pressure gradients, gravity and/or friction,
movement of fluid systems. The adjective "de. 3i-
metric" refers to a concern with the fluid's den-
sity. William Froude was a pioneer in fluid
mechanics
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deposit (letrital) a feeding process whereby food organisms and
feeding organic debris are gleaned from settled matter
resting on, or in, the bottom sediments

detritus any fine particulate debris, usually of organic
origin
diatoms single celled microscopic plants forming a major

component of plankton; with cell walls of silica

Dinoflageliate unicellular organisms, roughly ovoid but asym-
metrical, some possessing covering plates of
cellulose (thus the term "armored") and typically
possessing a flagella; may or may not be photo-
synthetic

downwelling a downward movement of surface water generally
caused by converging currents or as a result of
a water mass becoming more dense than the surround-
ing water

ebb current the tidal withdrawal of water from an estuary or
away from shore

Echinodermata a marine animal phylum consisting of the star-
fishes, sea urchins and their allies

ecosystem all the organisms in a community plus the asso-
ciated environmental or abiotic (i.e., physico-
chemical) factors

embolus (plural:emboli) any foreign or abnormal particle circulating
in the blood, as a bubble of air, a blood clot,

etc.
endemic native to a specific geographic area
entrainment (plume the hydraulic incorporation and passage of
or momentum) ambient waters and organisms into and through

a discharge plume

entrainment (pumped) the uptake cf planktonic organisms in the water
by an intake structure and their passage through
the entire circuit of the circulating water
system

entrapment the uptake of macroscopic organisms, mainly fin-
fish, which will not pass completely through the
circulating water cooling system but be impinged
on the screening or filtering devices prior to
entering the plant



estuary

euphotic zone

exotics
fauna
filter (suspension)

feeding

flood current

flora

food chain

food cycle

food web

fouling organism

Froude Scale Model

genus (plural:genera)

gyre

halocline

high-water

indicator species
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a semi-enclosed, tidal body of saline or brack-
ish water with free connection to the sea; often
the lower reaches of a river which flows into
the ocean

the layer of water which receives sufficient
sunlight to sustain surplus photosynthetic pro-
duction above respiration needs

nonendemic species; not native but introduced
animal life (entire group of animals of an area)

a feeding process employed by many aquatic organ-
isms whereby small food organisms are gleaned from
the water column in which they are suspended

the tidal current associated with increase in
tidal height with the direction of movement toward
shore or upstream into an estuary

plant life (entire group of plants of an area)

the transfer of energy from one organism to the
next (e.g., plants + grazing animals -+ carnivore -+
top carnivore)

production, consumption and decomposition of food
and the energy relationships involved

a group of interrelated food chains

an organism that attaches to the surface of a
continuously or periodically submerged object

see densimetric Froude Model

a group of species so closely related as to
share the first part of a scientific name

a circular or spiral form, usually applied to
closed or semi-enclosed current systems

a sharp or marked vertical salinity gradient
(follows same definition as thermocline)

the upper limit of the surface water level
reached by the rising tide; also called high tide

an organism of a particular species which con-
stitutes an important link in the biotic community
such that it represents the fate of the community
with respect to impact of changed environmental
conditions



indigenous native

intertidal shoreline zone between extremes of high and
low tides
isohaline pertaining to or indicating equality of salinity

at a given time or place

isothermal pertaining to or indicating equality of temper-
ature at a given time or place

knot a unit of speed equal to 1 n mi/hr or approxi-
mately 51 om/sec

larva independent, active, immature stage of an animal
which is quite unlike the adult in appearance

light compensation depth at which production by photosynthesis just
level balances respiration (02/C02); delineates the
lower limit of the euphotic zone

littoral shallow shore region, extending to the limit of
occupancy by attached (benthic) plants (e.g.,
seaweeds); also intertidal zone (see also light
sompensation level and euphotic zone)

longshore drift a flow of water roughly parallel to the shore
and constituting a relatively uniform drift in
the water just seaward of the surf zone

low pressure system a storm system with counterclockwise atmospheric
circulation characterized by a low or relatively
low barometric pressure

low water the lowest .imit of the surface-water level
reached by the ebbing tide; alsc called low tide

lunar month the average time between successive new, or full,
moons; equal to 29 days 12 hours 44 minutes.

mariculture (see aquaculture); the cultivation of marine (sea)
life
mean low water mean value of the lowest level reached by both

daily ebbing tides; for western North Atlantic
locations it is "zero" depth

meiocfauna see: benthos

metabolism process by which an organism builds and breaks
"own (cytoplasmic) compounds within itself; the
sum of chemical changes by which energy is pro-
vided for vital processes, and for the formation
and destructicn of living tissue




mollusc

motile

nanoplankton

neap tide

nekton

neritic

neuston

niche

northeaster

organism

pelagic

periphyton (aufwuchs)

photosynthesis

phototropism

Phoronidea
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(phylum:Mollusca) includes clams and oysters
(bivalves), octopi, squids and snails; having
a soft segmented body and a hard, calcarcous
shell, which is external except in squids,
octopi, cuttlefishes, etc.

capable of movement, not fixed or sessile

almost submicroscopic plankton (5 to 60 micro-
meters in size), not ordinarily collected by
typical plankton nets

lowest range of tidal excursion, occurring near
the times of the first and last quarter of the
moon

free swimming aguatic organisms, including fin-
fish, squid and the larger shrimps

shallow water marine environment; the open wat:.s
near a coastline over the continental shelf

organisms's living in a thin surface film layer
of a water body

a concept which combines an organism's habitat
and functional role in the community

a storm characterized by strong, moisture laden,
winds from the northeast guadrant

any living individual, plant or animal

pertaining to the open ocean, where organisms
spend most of their time floating or swimming
freely; not in contract with the bottom regard-
less of whether the water is shallow or deep

any organism attached or clinging to plant sur-
faces under water; more specifically, attached
submacroscopic and microscopic algae, insect
larvae, etc.

the formation of carbohydrates from carbon
dioxide and water in the presence of chlorophyll
using sunlight as an energy source

a stimulus reaction or orientation response to
light

a marine animal phylum consisting of a few species
only; they are rather small, worm-like and
sedentary except for the free swimming larva



plankter

plankton

plankton bloom

Pogonophora

primary productivity

productivity

red tide

respiration

rhectaxis
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planktonic organism

macroscopic and microscopic organisms passively
drifting or weakly swimming in natural waters

: (8 phytoplanktcon: plant plankton (i.e., diatoms,
etc.)

2. zooplankton: animal plankton (i.e., cope-
pods, etc.)

3. meroplankton: temporary plankton, mainly
eggs and larvae; seasonal occurrence

4. holoplankton: organisms with comp’ete
life cycle in the plankton

S ichthycplankton: finfish eggs and larvae

6. tychoplankton: bottom dwelling, organisms
briefly carried up or occasionally actively
swimming into the palagic zone (e.g., mysid

shrimp)

a sudden rapid increase to an enormous number
of individual phytoplankters under certain condi-
tions

a marine animal phylum consisting of a few species
of worm-like tube dwelling organisms

rate at which energy is incorporated into organic
carbon compounds by photosynthesizing organisms
(chiefly green plants)

rate at which energy is incorporated as fixed
carbon into living tissue by organisms at any

trophic level

discoloration of surface waters, most frequently
in coastal zones, caused by large concentrations
of microorganisms, particularly dinoflagellates
in the plankton; may be toxic to some organisms

the chemical and osmotic processes by which an
organism incorporates oxygen and gives off carbon
dioxide formed by oxidation in the tissues; the
reversal of the photosynthetic process

a stimulation or orientation response in which
water currents are the directive factor



salinity

sedentary

seiche

sessile

shellfish

spat

species

sporeling

spring tide

succession

synergism (-istic)
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a measure of the guantity of dissolved salts

in seawater; formally defined as the total
amount of dissolved solids in seawater in parts
per thousand (o/oc) by weight

(ecologically) usually, attached to some sub-
stratum, non-motile

a standing wave oscillation of an enclosed or
semi-enclosed water body that continues, pendu~
lum-fashion, after the cessation of the origin-
ating force, which may have been atmospheric,
seismic, or tide-induced

having lost the ability to move, attached or
stationary

a popular term, including both molluscs and
crustaceans (c.iams, lobsters, etc.)

the larvae of young bivalve molluscs (i.e.,
clams, mussels, oysters, etc.) just after setting.

a group of organisms that possess one or more
distinctive characteristics in common, and can
interbreed, reproducing these characteristics
in the of:ispring

a tiny p.iant form which develops following ger-
mination of the spore (reproductive body of
primitive plants)

tide of increased range which occurs about ever:
two weeks when the moon is new or full

a sequential process of community change with
time; interactions between preceding (early colo-
nizing) organisms and the environment, create a
situation which favors a succeeding organism or
organisms. The theoretical endpoint is "climax"
growth

cooperative action of discrete factors such that
the resultant effect is greater than the sum of
the two factors taken independently (e.g., as in
the mixing of two drugs)



thermocline

tidal flat

trophic level

tropism

turbidity

turnover

upwelling

viable

vitality

the layer of water in which there is a sharp

or marked temperature change over a small
increase in depth; this usually occurs in summer
and occupies a mid-depth posit. on, causing a
physical (density) isolation of surface and
bottom waters

flat land areas which are covered and uncovered
by the rise and fall of the tides

one of the several successive levels of nourish-
ment in a food chain or web; photosynthetic plants
occupy the first level, and the animals which graze
upon them, the second level

a directed movement in response to a stimulus

reduced water clarity resulting from the presence
of suspended matter; water is considered turbid
when its load of suspended matter is visibly con-
spicuous, waters contain some suspended matter and,
therefore, are turbid to some degree

in production, the rate at which something is used
up, and replaced

the process by which water rises from a lower to
a higher depth, usually as a result of divergence,
or surface water moving offshore to be replaced
by inflowing bottom water

capable of living

reproductive success; capacity to live and
develop
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