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2.0 DESCRIPTION OF EXISTING ENVIRONMENT

NTRODUCTION AND GENERAL OVERVIEW

Since June 19€9 Normandeau Associates, Inc. (NAI) has been
gonducting baseline biological, hydroquphzclund 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 raters off Hampton Beach, New Hampshire, and
Hampton Harbor estuary, have been designed primarily to Jetermine
temporal and spatial distribution of dominant fauna and flora; general
seasonal structure of plankton, benthic, and finfish communities; and
annual veriability of ambient water currents, temperature, salinity,
density, dissolved oxygen, tides, net circulation patterns and winds.
These studies, which represent one of the most comprehensive precper~
ational monitoring programs conducted for a proposed oceanside power
plant, have substantiated data previously collectsd by other workers, and
in addition, have added much valuable new information.

211 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 Ocean 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 scross from west to east and 100 n mi from
south to ne-th. It stretches from Tape Cod and Nantucket Island,
Massach:.etts, northeastward along roughly 525 n mi of shoreline (ex~

iuding bavs and inlecs) %o Zape Sable, Nova Scotia. It is bordered to
the south by wwo shallow banks areas, Georces Banxk and Browns Bank,

which apparently restrict water circulation with the North Atlantic
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and essentially enclose the Gulf ~s a coastal sea. The Gulf of Maine

compriser an estimated surface area of about 4.9 x 134 mz and a volume

of approximately lc-15

gallons (exc.uding the Bay of Fundy),

The Gulr of Maine has generally irregular bottom topography
with numerous b;nks_and sinks. A narrow, gently sloping shelf up to 13
n ol 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 Rasin, in the northeastern
portion (ebout 810 £t deep): and Crowell Basin, in the southeastern
section (about 1,240 ft deep; Figure 2.l1-1). The seaward edge of the
Gulf consists of a nearly continuous series of shallow sills extending
from Nantucket to Cape Sable: GCeorges Bank which 1s between 90 and 210
£t deep, but in places is almost out of water at low tide; and Browns
Bank which is between 100 and 100 ft deep. There are three narrow
passages which breech this sill, connecting the deeper basins of the
Gulf to the open ccean: Great South Channel between Nantucket and
Georges Bank (about 210 ft deep): the Eastern Channel between Georges
Bank 27d Browns Banxk (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 tw~ deep basins: Jef~
freys Basin, which is about 60C £t deep: and Scantum Basin, which is
about 420 fr. deep (FPigure 2.1-2). A broad gently-sloping shelf area
with numerous local bottom irregularities, 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 vise known as Jeffreys Ledge.

The site for Seabrock Station is on the southern New Hamp~
shire coast adjacent tu Hampton 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 upli®x pattern of a
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previous\y submerged coastal plain bordered on its outer perimeter by a
darrier beuczh,

The Eampton-Seabrook marsh/estuary is sectioned oy several
tidal rivers. Although there is a discernible watershed, the attendant
ranoff is not particularly significant. The several streams and theiy
branches serve primarily as tidal streanms directing the inward and
cutward flow of saline water twice daily.

The substrate of the ad-acent cffshore area where the gooling
system intake ind discharge is proposed 5o be located is extremely
hetercqgenecus but composed of three basic types: rock-ladge, cobble
(rocks less than & inches in diameter), and sand (Figure 2.1-4).

- B % Hydrographic Settirg

The general circulation pattern of the western portion of the
Atiantic, which includes the Gulf of Maine, has been documented 5y NAI
studies, as well as by other workers such as Bigelow, 1927; Cay, 12%8;
Bumpus and lLauzier, 19635; Graham, 1970a; and Bumpus, 1973, The waters
on the Scotian Shelf, known as the MNova Scotia current (Bigelow, 1927)
are a mixture of Gulf of st, lLawrence water, residual Labrader current
water, and more saline waters from offshore called Slope Water (Mclel=-
lan, 1954). These waters ( igure 2.1-% generally flow southwestexly,
parallel to the Atlantic coast of Nova Scotia, rounding the tip of MNova
Scotia and entaring the Gulf of Maine (Sutcliffe, Loucks and Drinkwater,
1978).

These circulation studies have shown that the flow of watar in
the Gulf is strongly influenced by =he tides, and at most socations, the
tidal currents comprise the greater part of the =otal water movement.
However, this tidal movement is superinposed on a4 more general
clockwise scheme of net, non-tidal sirsulation (Gulf of Maine gyre)

b 1 3 . - - . - )
which undergces an annual cvcle. This flow Fatiern is Zue 22 the inters
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action of many influencar Lulean include: (1) freshwater runoff, (2)

winds, (3) bathymetry, and (4) Coriolis effect.

According to Bumpus and lauzier (1965), the chief wintertime
characteristi. of the circulation in the Gulf of Maine is an indraft of
waters from off Cape Sable, across Browns Bank and the eastern Gulf into
th Bay of Fundy (Figure 2.1-1). Along the western coastal regions, a
southerly flow develcps which continues past Cape Cod and out through
Great South Channel. DBetween the indraft into the Bay of Fundy and the
southerly flow along the western side of the Gulf, several irregular
eddies develop by February. A well-developed area of divergence north
of Georges Bank is alsc present by this time of the winter. 1In the
early spring, freshwater runoff is discharged from coastal estuaries,
helping %o set in motion an eddy which rapidly develops into a huge
counterclockwise gyre encompassing the entire Gulf of Maine py the end
of May (Figure 2.1-8). As during the winter, there is an indraft into
the gyre from the Scotia Shelf and Georges Bank. In the eastern Gulf
the drift may be northward into the Bay of Fundy or westward along tlre
coast of Maine. The less-saline waters of the western side of the Bay
of Fundy join this westward flow and the net southward flows off the New
Hampshire coast past Cape Ann. Flows continue southward past Massa-
chusetts Bay, diverting into the Bay, into Cape Cod Bay, or continuing
out past Cape Cod. From there thay continue southwestward into Nan-
tucket Sound or eastward onto Georges Bank. [Drift-bottles released by
NAI along the New Hampshire coast in late spring of 1973, 1974, and
1978, at the time of year when the flow reaches its peak, have been
carried southward and then eastward across thne Gulf to Nova Scotia in as
little as 70 to 90 days. In the summer the pattern of the spring gyre
persists, but its drift rate gradually decreases (Figure 2.1+8),
Finally, by late fall and early winter, the southern side of the Gulf's
counterclockwise flow breaks down intc a southerly drift across George's

Bank and the annual cycle is cumpleted.
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The study area off the New Hampshire coast represents a small
segment of the coastal shelf zone of che Gulf .. Maine in the North
Atlantic Estuarine Zone (U.S. Firh and Wildlife Service, 1%70)., Granam
(1970a) has defined this coastal water as lyving within 13 n mi of the
coast and at depths less than 328 £t 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 discharge, which varies season~-
ally, but is about 24 ula annually (Emery and Uchupi, 1972). 1In 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 Gulf of Maine has been studied by Bigelow (1927), Coltoun 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 salinity 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), MAI (1974a), Cox (197%) and NAI
& 2762) .

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

- & Continuous Menitoring of Oceanographic and Metecrological
Parameters from Fixed Points:

A, Mooring Deployment: More than 30 different specially
designed mooring systems S0 serve as instrumentation
platforms have been deploved on a vear-round basis.
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1213, Macroalga. . lamb and Timmersan (19€4), Mann (1972, .
Mathieson, Hehre and Reynolds (1977 ;

V. Plankton: Bigelow (1928), Gran and Braarud (193%), f.sh
and Johnson (1937), Lillick (1940), Sherman (19765, 1968,
1968, 1970).

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

Biologizal studies for Seabrocok Staticr began ‘* the summer of
1569, Initial studies (NAI, 1970, 1971, 1972a-h) foev “y the biota
¢f Rampton-Seabrook astuary since it was coriginally preposed =hat the
cooling systam intake de located in ihe estuary. When the concept of an
cffshore site was adopted in 1972, studies of *'.e nearshore biota were
iaitiated, and have continued through to the ;resent (Figure I.1+9).
These studies have included the following:

I. Soft-shell Clam, ¥ya arenaria

AL %%»*&.!ﬂ!!!ll‘ Beginning in 1969, and ontinuing from
to the present five major clam flatT in Hampton
Seabrock Estuary have heen sampled annually in November,
to document variability in the standing stock of harvests

able claz¢. In addition, one of the flats (designated as
Ne. 2) has been sampled quarterly:

B. !’S&.!?I!!X!‘ Concurrent with the adult surveys, samples
of newly settled young (1 to 25 mm long) have been
cbtained, Beginning in early 1976, the spat program was

expanded to include five other nearby northern New
England .<4tuaries.

e 4 be L € ¢ Beginning in 1969 and zontinuing
to the present, plankton pump samples have been analyszed
during the warmer months %o determiise spatial and temp~

eral abundance of the pelagic larvae.

e, &tgxésiigngg: A special laboratory study was undertaken
in l to confirm larval icentification. Mya arenaria
and a distantly related species, Hiatella sp. were

spawned and the eggs reared to the settling (pediveliger)
stage.
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B. sntertidal Fauna: Destructive (dredge) and non-des-
tructive samples have been taken since the spring of 19878
on & quarterly basis from three intertidal alevations on
rock ledge habitat off Hampton Beach., Concurrently,
destructive sampling has also bsen carried out at four
intertidal stations in Hampton-Seabrock Estuary.

C. gglgfggeg: 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 dezcribe temporal and spatial dis-
tribution of dominant organisms.

©.  Macroalgae: Growth rate, vertical distribution of bio-
mass, and reproductive cycles of two dominant macroalgaes
species: irish moss, Chondrus crispus; and kelp, lLami~
naria saccharina, have been monitored monthly since the
summer of 1978,

Lobster, Homarus americanus

A, %I!ZZ&&!.!EH&&!!’ Since 1972, a string of 1§ to 30
~¢er pots in the vicinity of the proposed discharge
site has been tended by an experienced lobsterman spprox~
imately once every three days, from June through devem=

ber. Records are kept for computing catch per effort.

B. Z*!ﬂﬁiﬂﬂl&.ﬁ&!!!&’ During the summer of 1973, replicate
1% minute tows we.e 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,

Biofouling:

S$hort-term settlement of bicfouling crganisms and long-term
community structure has been monitored for two years in the
estuary, and offshore, with the use of submerged artifici.l
substrates,

The most recent of these studies have been incorporated into
the precperational monitoring program; further description of
this program and location of sample sites is given in Section
6.0,

2.0.19
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2.2 HYDROGRAPHIC ENVIRONMENT

2.2.1 rren

Currents are large-scale water movements which ocour everys=
whare in the ocean. The forces Causing Major OCeAn currents come prie
marily from winds and from unequal heating and cooling of ocean waters.
Both are the result of unequal heating of the sars’ surface. Ocean
currents contribute to the heat transport from tropics to poles, thersby
partially equalizing earth-surface temperatures (Gross, 1972). Because
the Gulf of Maine is a coastal ocean lying over the centinental shelf,
it is especially susceptible to wind influence. Winds blowing over the
surface of the water set surface waters in meotion, which may in turn
cause storm surges, coastal currents, ov upwelling. Ffecondly, winds
generate waves which affect the coastal ocean through their acticns on
shorelines and mixing of surface waters. A consistent feature of
SoASTAL Processes is their compressed time scale as compared with the

Same processes in the cpen ocean. The shallowness of ccastal waters,
such as off Hampton Beach, allows rapid heating, cooling, evaperation,
dilution, or movement as an overall pattern of periodic abrupt change in
fontrast to the more uniform conditions of the deep ccean (Gross, 1972).

2.2.1.1 Qbservations and Measurements from Fixed Points (Eulerian
Method)

[. PRINCIPAL FLOW PATTERNS

The coastal \ters off Hampton Beac™ are very dynmamic and some
current flow is always present because of the combined effects of =ide,
wind stress, net 4rift and other hydrographic and meteorological dynamics.
In terms of the result, ¢ flow patterns, six principal variants may be
described (Figure 2.2-1), These are Dasically derived from the super~

imposition of persisrant, steady-state, flow on e ebb and flood of

tidal circulation. Weak Tidal Flow is guite variable out has a tendency
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Figure 2.2-1. Examples of main types of current flows observed in Coastal waters
off Hampton Beach, New Hampshire.
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toward pesiodic reversals in direction. Strong expression of leversing .
Fiood and Ebb Tidal Zurrents on a regular & to 7 hr basis occurs when

there is very 1/ .tle effective steady-state motion. Moderate or Strong

Ne / Flow occurs when steady-state flow completely overwhelms
tidal reversal.

Clissified as described above, coastal current-meter flow data
from moorings seaward of the Cuter Sunk Rocks exhibit the freguencies
given in Figure 2.2-2 and Table 2.2<l. The most common type of flow in
these waters was transient or tidal flows, which comprised alnost one~
half (4lN) of the d-yr (1437 day) study period from January 24, 1971 %o
December 31, 1976 (Table 2.2-l). The most frequen’ flows of this type
were reversing flood~- and ebb-tidal currents, comprising 20.76 overall.
Weak tidal flows made up the remaining 19.7% overall.

The steady-state flows toward the south and the north wers
about equally distributed (28.84 overall for the former and 21.1\ over-
all for the latter). The southerly flows along the ccast, which occurred

roughly one fourth of the year, were generally the result of northeasterly
stormy and sccasional pericds of northwesterly winds. Such flows essentially
masked sut the tidal currents and frequently persisted unabated for days

At 3 tine. Moderate scuthward flows of about 2.2 to 0.] kn comprised

19.7% overall. Scrong flows, which occasiorally reached 1.0 kn comprised
8.8% overall., Correspondingly, the northward flows generally cccurred

during the remaining fourth of the year in conjunction with strong
scuth-to=southwest winds ar a5 possible seiching in the western Sulf of

Maine following storm surges. Moderate northward flows comprised 26.0%
overall, whersas strong flows were 5.1% overall (Table 2.2+1).

The coastal waters frequently demonstrate & two-layer flow
system reinforced by ambient stratification of temperature, and salinisy
(see Section 2.2.8). During the spring., summer and early fall, the
Jpper portion of the water csolumn is warmer and less saline than waters

4t depth because of radiational neating and runoff. In the late fall .
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storms and possibly lunar-cycle effects. Cross-covariance analysis of .

current and wind data has shown that near-surface currents lag several
hours behind wind shifes.

{1, SEASQOUAL FLOW

Currents cbserved during the fall menths are genera..ly toward
the north and northeast at mean speeads of 0.17 20 0.44 kn; apparently,
these are largely caused by scuthwest winds and breakdown in the flow of
the Gulf of Maine gyre. Flows in other directions are generally adbout
.10 to 0.19 kn with some higher mean speeds towvard the southwest (up %o
.22 kn). Distinct shearing along the thermocline between the upper and
lower porticns of the water column has been chbserved at both the dige
charge site and the nearshore intake site. lNear-bottom mean speeds are
Righer in the fall than are typically sbservec during the summer. Thus,
near-surface currents tend to follow the wind; whereas, flows at depth
tend to parallel the coast under more tidal influence or move shoreward

as a possible éanponlatary flow,

In general during the winter menths, winds and storms play a
dominant role in coastal circulation of the waters off Hampton Beach,
New Hampsh.re and in the western Gulf of Maine. A prevalent flow toward
the north or northeast at mean speeds of 0.1J %2 0.20 kn prevails at the
shallower depths. These flows are nearly balanced by southeta-gouthe-
westerly currents averaging 2.1% to 0.23 kn. At the nearshoze intake
Site weaker currents and more evenly distributed flows, with a slight
Prevalence for southwesterly directions, are indicated by the 4data.
Tidal effects are also usually more apparent at this location than at
ether moorings, possibly because of channeling effects between Outer
Sunk Rocks and Hampton Beach. Currents at depth are generally progress
Sively weaker than near-surface flows. Near-bottom flows it the 4if-
fuser site are apparently affected by the bottom topography and & norsh-

westerly compensatory flow toward shore (NAZI, 187%#). Offshore at

fooring T-4 the southerly flows are usually mors deminant =o At near-

shore moorings, bSut mean current speeds are about the same.



Suring the spring months, storms generally continue to play an

important role in coastal circulation witi the tides beginning t show

more of an influence, especially during periods of calm weather. The
predominant flows in the spring are generally toward the south and
scuthiwest quadrants, at about the same mean speeds (about 0.15 to 0.19
K, a8 equivalent flows during the preceding winter 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 aleng
the coast respectively. At the nearshore intake sites, flows are gens
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 atmospharic pericds
between storms is evidenced by nearly~equal flow distziburions in veri-

g. ous directions. Flows at the proposed discharge site often show pro-

i nounced shearing. Highest current speeds are usually cbserved near the
surface; mean speeds of 0.29 kn southward and 0.20 kn northward have
been recorded. At depth, the diffuser site has shcwn weaker mean speeds
(about 0.23 kn southward and 0..% kn northward!. An anomalsas northe
westward component has been noted at depth in apparent compensation for
the prevailing offshore winds and local effects of adjacent 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 0.2%5 to 0.30 kn).

During the summer months storms are less fregquent 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 %o 0,15 kn) because cf increased dominance of tidal effects.
| Occasional northeast storms during the summer acoounted for the strong
; southwestward component at many of the meozings (mean speeds of 0.17 o
| ‘ 0.29 kn), During the summer observed current speeds weaker than 0.3% kn

ocourred more frequently than at any other time of the vear.
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Puring periods when tides predominated, flows alternated

between northward flood and southward ebb, Hut there is generally a net
residual drift of several nautical miles per day southward along the
coast as part of the countarclockwise Sulf of Maine gyre. At the proe-
posed discharge site, flows have shown considerable variation from one
depth to anotner. Near surface northeasterly and southwesterly flows
have been nearly balanced; only during 108V of the summer were speeds
relow 0.05 kn., At mid-depth, flow was more southerly with 158 of the
fpeeds below 0.0J kn. lNear bottom 638 of the flows were less than .08
kn with currents predominantly toward the northwest and southeast,
similar to trends cbserved during the spring. Offshore at Mooring T-d
the strong south=to-gouthwesterly currents, observed during the spring
persist throughout the summer season,

3.2.1.2 rvation an rement of Current Trajectories (Lagrangian
hiiia i

f.  DAILY NET DRIFT

Calculations of daily net drift or water-mass displacement
along the coast (lJ4~hr vector average based on actual 20-min observa«
tions of cvrrent speed and direction) further demonstrate the dynamic
nature of the waters off Hampton Beach. Regardless of actual flow type
(i.0., weak tidal flow, reversing flood and ebb-tidal currents, moderate
°r strong southward flows, and moderate or strong northward flows), the
coastal currents are such that for any given day there is always sonme
net residual non-tidal drife. Thus, nearshore flows may generally be
conceptualized as somewhat discrete entities, often moving alternatively
nerthvard and southward independently from water masses further off
shore which have greater freedom of motion in the east west piane,

Caily net-drift data (longshore or northescuth components

averaged over I-day pericds for ease in presentation) sollected from ‘

mid-depth current meters off Hampron Beach during 1373 through 1976 are
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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
Neva Scotia (two recen® returns have been from the Azores Islands and
cthe Shetland Islands). Westernmost recoveries have been from Fire
Island on Long lsland, New York, and Watch Hill, Rhode Island. Numercus
recoveries have been made on Martha's Vineyard and Nantucket with a few
returns from Block Island, the Cuttyhunk lslands, and Buzzards Bay.

Typical seasconal drift patterns are documented as follows
(Figure 2.2-4): ‘"summor" season (June 197)), “fall" season (September
1972), and "winter" season (January 19?3).. Monthly recovery percentages
for the NAI studies have run from about 10 to 50 percent, depending upon
the actual release (NAI, 1978f),

The 4rift bottles were typically ¢arried southward and off-
shore, out past Cape Ann, Ly tha flow of the Gulf of Maine gyre. Dot~
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 rates than the more-landward stations.
Near-surface flows of the drift bottles were generally 1 to I n mi per
day or at least ten times faster than the near~botrom flows of the sea-
bed drifters (usually 0.1 n mi per day or less).

In contrast, sed-bed drif. s released ocut to about § %o 6 n
mi 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 layars. These flows may also be related to the effects of

*
. Recoveries ocutside of the study Area are coded as follows:

"MB" for Massachusetts Bay and Cape Cod Bay
_ “CC" for the ocuter or Atlantic coast of Cape Cod including Nan«
'. tucket Scund and Buzzards Bay

"RI" for Rhode Island

“NY" for New York
. “N8" for Nova Scotia and the other Maritime Provinces of Canada
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nertheast stormes.  Further seaward of this distance cut beyond avout 6

to @ n mi, the near~bottom watars tended to move up~slope ocut of Scantum
Basin and southward past CJape Ann into Massachusetts Bay., Some drifters
re carried up onto Jeffreys ledge, while others appear %o Lave been
carried through the deep channel off Cape Ann. Some of the variaticn in
bottom drift ‘s due to irregularities in bottom toposg.aphy. Although |
sea~bed drifters sre widely used to examine nearbottom flows (Bumpus,
i965), it should be nated that they are subject %o entanglement in
Seaweed, rocks or bottom febris as they drift along and thus probably
underestimate the true Jrift rate.

The general drift patterns of nearshore “rifter releases show
"se8e corpoloration with mean~flow dat] “rom the NAI currente-meter
moorings. During the summertime thor\';s a ter ency for waters at depth
(deeper than about 1 to 20 ft) to hi'e a southwesterly net-drift com=
ponent of flow onshore, 48 apparen: cimpensation for the prevailing
southe=ic=scutheasterly offshore retdrift of near-surface flows., These
near-surface flows appear to parallel the s7ast or to be more south~
easterly offshore, except under conditicis of short-ter: opposing wind
stress when tie flows may be northward ' \ortheastward. In geraral,
the further offshore one goes, the fasteWy he non-tidal net-drif+s rate
bacumas.

Thus che NAT drifter and current-mater data corroborate tne
findings of previous workers and document that, during much of the vear,
the Gul? >f Maine gyre and aasociated hydrographic phencomena result in
reat southerly flows along the New Hampshire ccas: and in the western
Gulf of Maine. These flows become pa:: of the huge counterclockwise
sirculation pattern which encompasses =he entire Gulf. Occas.onal
sericds of northerly flow were observed, generilly following periods of
southwesterly winds or representing pausible s'iching in the western
Gulf after the passage of intense northeast su3rms and low-pressurs
systems. The instances of northerly flow during the winter season alioc
point to possible breakdown of the Gu.f of Maine gyre into several
localized eddies at that time of vear (Csanady, .274). Surface flow was

generally at least 10 times faster than near-nottom flow., The surface
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flow was usually southward and offshore, oSut past Cape Ann, whereas the ‘
Sea-bed drifters showed botiom flow almost always ' 1 a southwestern

compenent toward shore This is probably due to “he dominance of norths

east s*orms, which appear to drive much of the bottom flow, and alse %o

the compensation flow of saline waters intruding landward at depth below

seavard moving surface layers. Orifters released out %o about § %0 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 lower recovery percentages document the dominance of the Gulf of

Maine gyre flowing southward toward Cape Cod,

2. 2.2 Atmospheric Influences
¢.2.2.1 Prevailing Winds

Winds play an ilmportant role in near-surface water-mass transe .
pore, aspecially close to shore. local wind data, which have been
collected continucusly by NAI from January 1973 to date at Hampton Beach
State Park (location map, Figure 2.1-3), and wind data collected at the
Seabrock plant site (PSNH, 1973) have documented that prevalling winds
are from the west ad northwest; but that highest speeds have generally
been from the northeast. Rose diagrams from the fall and winter season:
when offshore waters are typically unstratified, show a prevalence of
winds from the northwest with secondary peaks from the southwest and
northeast. Rose diagrams from the spring and swmmer season, when off«
shore waters are typically stratified,show that winds commeon at this
time of year are generally light and variable with less tendency for any
preferential directions. As during the winter, strongost winds are from
the northeast in conjunction with “northeaster” storms.

When prevaliling winds move near-surface waters away from the
coast, subsurface waters move upward to replace them in a process called
“upwelling™. This phencmencn has teen Zocumented in the western 3ulf aof .
Maine by NAI (1973f), Hartwell (1375), Rangas and Hufford (1374), Graham



(1970a), and Longard ard Banks (19%2). This appears t¢ be an impe-.ant
process for bringing nutrients into the more~productive nearshore areas.
Likewise when winds ars onshore, the opposite process of “downwelling"
or plunging of coastal waters seaward along the bottom can occur (NAL,
1978¢8). Strongest wind effects always accompany northeast storms,
During these storms near-surface waters are often carried southward at
spaeds of up to 1.0 kn or greater.

2.2.2.2  Storms

Sased on all of the NAI current-meter data which have been col-
lected from off Hampton Beach, it appears that storms and asscciated
winds play & key role in the large-scale water-mass displacement of the
western Gul® of Maine and appear to help drive the general counterclocks
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
Butinan, 1974). Twe basic patterns have been ubserved over the years.

The first pattern is when a low-pressure Jystem 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 I2.2-%)
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. & 3h
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 flowe along
the coast (Ha:twell, 1976).

The second pattern is when a low-pressure system moves slowly
northeastward over the Great lLakes, up the 8t. Lawrence River valley,
and over eastern Canada out %o sea (Figure 2.2-%2). In this instance the
winds in the Gulf of Maine are from the southwest or south on the oppo~
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Diagrammatic representation of low-pressure systems and accom-
panying wind patrerns from sterms moving up of f the coast and
up tae St. Lawrence River valley illustrating effects on

coastal flows in the ?em Culf of Maine.



tite side of the storm's counterclockwise cire (tion pattern, typically
resulting in northward flows a .1¢ the coast.

In either case, nearshore waters seem to respond very gquickly
to the storm winds, probably owing to the relative shallowness along the
coast. TFrequently, ambient ccastal flows may Le 180° opposite to the
storm-generated currents. For a period of a day or two these opposite
nearshore and offshore flows may continue; but eventually the storm
effects become dominant (provided the storm has been strong and persis-
tent enough) and both nearshore and offshore flows become coupled,
flowing in the same direction (Figure 2.2+-%). Once the storm passes,
the nearshore waters are again the first to return to more-normal con=

,ditions (Hartwell, 1976 and NAI, 1977a).

Thus storms and accorpanying winds, especially thor, of low
pressure systems, play an important role (along with tides and net
residusal drift patterns) in crastal water-mass dyr.aics of the western
Gulf of Maine and the rest of the Gulf as well., In general, nearshore
waters respond rapidly to wind changes, frequently within a matter of
hours as was documented in NAI (1975f). This phenomencn creates coastal
jets or pulses of flow which frequently dominate ceastal cisculation,
Such coastal jets have been described by Csanady (1972) in Lake Ontario
(a freshwater body which is somewhat smaller than the Gulf of Maine)
and Scott and Csanady (1978) in their studies of nearshore currents off
long Island. Thus if wind stress has been strong and persistent enough,
such jets expand seaward, causing nearshore and offshore water masses to
become "coupled”. As was seen in some of these examples, shearing is
alsc important and flows at times can be guite complex.

2.2.3 Tides

Tides which have been measured continucusly in Hampton Harbor
estuary at the Hampton Beach Marina (location map, Figure 2.1-3) from

January 1973 to date, have showed close agreement with the Nationail

4.0=37
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Oceanic and Atmospheric Administration-Naticnal Ccean Survey NOAA-NCS) .
tide~table predictions (NOAA=-NCS, 187€)., In general, the mean tide

range is about 8.3 ft. Spring tides have ranged as high as 1i.% f+.
whereas, neap tidec have ranged as low at 6.0 fv. Under storm condi«
tions abnormally high tides are often observed. In general, these tides
are of the mixed, semidiurnal type with a small (1 %0 2 f¢) diurnal
inequality which is most pronounced during spring tides (Figure 2.2-4),
The change in tide height (high or low water) and cidale-current direcs
tion generally occurs 15 %0 20 min earlier offshore than inside Hampton
Rarbor. Measurements of tide height and times of nigh and low water at
the mruth of the estuary in August 1374 showed that recorded heights at
the Hampton Beach Marina were as much as & in, higher nd sccured 3 to
A0 min later than on the coast (NAI, 197%5a).

2.2.4  Mater Temperatyre

2.2.4.1 Ambient Variability

large temperature changes occur in shallow, partially isolated
wvaters of coastal oceans such as the Gulf of Maine. These variations
are well beyond anything found in the open ocean. Winds, for instance,
affect water temperatures to & marked degvee. On the Atlaatic coast,
winds coming fr.. the continent are much warmer than the ogean 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 evaporation 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. lLowest 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 %o the large surface area and small

velume of water present.
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The coastal waters off Hampton Beach and in the western Gulf
of Maine out to at least ? mi or more offshore underso an annual sycle
vhich is representative of the natural variability of ccastal waters,
caused by factors such as: tides, winds, solar radiation, waves,
storms, upwelling or downwelling, rainfall, evaporaticn and estuarine
thermal plumes.

Teuperature measurements from the monthly plankton cruises
have documented far-field cond‘ticns %o the norsh and south of Hampton
Beach. Near-Jurface measurements have showed a tendency for the temp=
sratures further offshore to be slightly warmer than those along the
coast during most of the year. However, in the summer, the estuarine
stations and stations close to shore were generally warmer. These
PATTOITA Are primarily the result of radiational warming in the estuary
and shtallow coastal waters during the summer and radiational cooling
during the winter.

Measurements made at the discharge sita (Moering 1) during a
typical year fur near surface and near bottom at nigh water and at low
water (Figure 2.21-7) illustrate the tandency for near-surface tempera-
tures o0 be culder at low water during the winter months, because of
=ooled ebb-tidal waters flushing from Hampton Harbor and adjiacent
estuaries. Correspondingly, near-surface temperatures are warmer at low
water during the summer months, because offshore waters are cocler than
the warmed ebb-tidal plumes from Hampton Harbor and adiacent 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 %o shore: the converse Lis
true on the ebbing tide. Near-bottom waters show less variability; but,
there is a tendency for low-water conditions %o be slightly warmer than
high-water gonditions. Highest mean near-bottom temparatures were
chbserved during September, lagging behind highest surface temperatures
bDecause 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 neat capaszisy
of water and the ability of the Gulf of Maine to mix the additional heat
t0 considerable deptis beneath the ocean surface. In the absence of
other influences, surface water temperatures are generally highest /n
nid-afterncen and lowest at dawn., At midnight the water column is
nearly isothermal. Cooling continues througaout the aight so that by
dawn, the surface water is cooler =han the waters at depth. After the
Sun rises, the surface layer is warmed; Sy nocn the surface laver is
distinctly warmer than waters immediately below the surface. Warming
continues until late afterncon, when the surface temperature is hRighest.
Later, the surface layer begins to zool and is slightly cooler at dusk,
ODuring the night, the surface waters cool until the water =zolumn is
again isothermal arcund aidnight (Gross, 1972).

Tides cause temperature changss in coastal waters Ry meving
water masses of different temperacures and by causing vertical movements .
of waters. Tidally 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 sunmer day after the water
has flooded the marsn. The water is warmed By contacs with the warm
marsh sediments and directly by absorption of solar radiatisn. Thus
water coming out of the estuary on a summer day is often in excess of 12
F degrees warmer than offshore waters, Likewise when the tids rises,
bringing coastal waters into the estuary, it .8 much coldear than the
water that flowed out several hours earlier (Gross, 1977).

Variations in hourly average temperatures further Lllustratze
the dynamic nature of these waters. Examples of typical sid-summer data
(August 17 %o 31, 1276) from offshore moorings, moorings in the Rocks
area, and Hamptun "larbor estuary show changes of at least 2 %o & F
within 1 hy, 8§ to 12 F wichin a tidal cycle (12.8 hre) and 5 e 13 F

over a day (Figurwe 2.2-8), Even during the winter, such as January 17 '

o 31, 1976, rapid fluctuations over shors paricds of time have heen
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cbserved at all of the NAI mocrings (Figure 2.2-9). Data from the rest .
of the year show comparable variability (NAZ, 1977).

To further document the ambient variability of the waters
arcund the Inner and Quter Sunk Rocks, where ¢ sern has been raised
that backflushed thermal plumes could have ar impact, late-summer
measurements of vater temperatures in tide pocls have :''owed smoient
dt's of at least 2 to 7 F in September. Similarly, data takea fr.
continuous monitors closest to the Rocks area at the time of highes*
annual temperatures have showed ambient temperature 3ifferences (ambient
bottom versus Rocks area) of 2 to 18 F from either the nearshore or
offshore intake sites (Table 2.2-2). 1In general, highest daily temper-
atures occur during the ebbing tide and around low water in response to
flushing of the warm ebb-tidal plu~d ocut of Hampton Harbor estuary (see
example from J.ne 19, 1978 in Figure 2.2-10). Ambient variability
around the Rocks is much greater than anticipated temperature rises from
plant operation. or 2ven from the several hours of a typical backflush- .
ing operatic:.. Furthermore,at the times of maximum temperature rises at
the Rocks, flows most coften are seaward which would tend to carry any
Sackflushed waters away from the Rocks and minimize adAditional temper-
ature effects. Such variability is due to the continuous complex intar-
action of factors such as: discharge cf local estuaries, runoff, pre-
cipitation, winds, tides, storms, currents, \pwelling, downwelling,

turbulence, and the estuarine thermal plume.

fhe projected temperature rises frac s aration of the Seabrook

Station circulating water system of 4 %0 5 F or less within the mixing
Zone 4are expected to be the same order of magnitude as or less =han
presently existing ambient variability. Once in operation it appears
likely that, as the plant's thermal plume dissipates its heat %o =ha
atmosphere and is mixed by ambient surrents, its far-field latent
temperature will be almost impossible to separate from ambient varia-

ility. Indeed the . :mperature data which have been collected over the

—
-

w

more than 4 years of intensive gtudies show that the u

3

put of

O

naturally heated waters from Hampten Harbor estuary on & typical summer
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. Figure 2.2-%

Representative wintertime hourly average temperatu-s
data from the discharge site, the offshore intake
site and the Hampton Harbor estuary from January 17
to 31, 1976.
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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, 1978 AND 1978.

2 1
i | NEARSWORE (MTAKE $17E° QFFSHORE INTAKE 3(7%°
ROCKS ARCA f y
APEROXNIMATE | APPROXIMATE "EMPLRATURE APPROX [ MaTE TEMPERATURE
QMILY MARIMUM | DALY MAXIMUM | DIFFERENCT [ SAILY MAXIMUM | DIFFERQCE
SURFACE NEAR SOTTON | RELATIVE NEAR §QTTOM RELATIVE
TEMPERATURE TEMPERATURE T3 R0CKS AREA TEMPERATURE "0 0CXS AREA

.o ® $8.2
.2 .3
8.0 8.2
.3 8.3
6.3 9.
9.9 1.0
3.0 88.2
.5 9.4
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3.9 4.3
n.4 .
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9.0 i .0
.2 n.e
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Surface water temperatures (F) in Hampton Harbor estuary and
adjacent coastal waters on June 19, 1975, from siack-waler survey

at high water (left) and low water (right).
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2.0=48

day can be at least two to three times tha eguivalent amount of waste ‘

which Seabrook sStation 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 2.2-1l., Starsing in
November and December with essentially homogenecus thermal cenditions
from near surface to near bottom averaging around 46.4 to 48.2 I ,temp~
eratures dropped sharply in the early winter. Coldest temperatures
occurred during Fabruary, lagging about 30 days behind the minimum
atmospheric tamperature cbserved during the year. At this time there
was alsc some thermal inversion of coastal waters, wherasin 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 ssascnal thermocline
was well along. By mid-summer the coastal waters showed a strong ther-
mal stratification with a variation of 131.3 to 14.0 F between near-
surface and near-bottom depths. Maximum near-surface temperatures
occurred during August, lagging about 30 days behind the maximum atmos~
pheric temperatures cbserved during the year. DJuring 3eptember and
early October; the stratification broke down rapidly and temperatures

became more homogenecus from near surface t©o near hottom.

2.2.5 Salinity

Salinity extremes cccur in c¢oastal watars where excess fresh
water discharged from the continents is mixed back ints the 2cean.
Typically ischalines tend %o parallel the ocean boundaries, reflecting '

dilution along the coast and greater net evaporaticn further osut =5 sea

ire 1999)
(Gross, 1972)
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In general, water entering the Gulf of Maine is either:

i. Runcff from the continents,

2. Rainfall, or

3. Northwest Atlantic water (salinity about 34 ° /o0
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
ef this eatuarine water varies considerably, depending primarily upen
the size of the drainage basiii. The largest source ¢of freshwater run-
off in this portion of the western Gulf of Maine is the Merrimack River
(Manchar-Maharay and Beardsley, 1973). Next largest is the Great Bay
System (including the Piscataqua River) follcowed by the Hampton Harbeor
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 °/co, causing a well-defined coastal haloc.ine
during much of the year. Offshore these waters become <ijuted with the
34 °/oo waters from the Northwest Atlantic.

2.2.5.1 Ambient Variability

Near-surface measurements from slack-water surveys have showed
offshore salinities %o be generally guite uniform; however, in Hampton
Harbor estuary, values down as low as 27.9 °/oo have been observed (for
example September 219, 1375; Figure 2.2-12). These surveys have docu-
nented salinity variaticns of as much as 10 °/oo within the estuary over
& single tidal cycle; more typical variations were 2 t2 & /o0 between
tidal cycles (NAI, 1977).

Salinity measurements from the monthly plankton cruises have
documanted far-field conditions %o the north and south of Hampton Beach.
As with the slack-watar survey dati, near-surface measuremants have

showed lowest salinities generally in Hampton Harbor or off the mouth of
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the Merrimack River estuary (for example December 16, 1378 in Figure
¢.2=13). Salinitles at stations off Hampton Beach wers jenerally
homogenaous.

Typical measurements made at the diascharge site (Mooring 12)
during 1975 for near surface and near bottom at nigh water and low water
show that mean values for near surface wers around 31 to 32 ~/se with
lowest values during the fall (28.% /o5 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 ® /0. In general lowest saline
ities ware cbserved at low water, reflecting %ne influence of the ebb-
tidal flows from Hampton Harbor and adjacent estuaries (NAl, 137%f).

2.2.5.2 Mean Vertical Profiles

Mean salinity profiles from sffshore slack-water survey sta-
tions during 1975 further illustrate this annual ~ycle (Figure 2.2-14).
in December the water was essentially ischaline frem near surfacs to
naar bottom, averaging around 31.5 to 232.0 °/ao. Salinities incresased
during the winter with near-~surface values always being less than those
at depth. During March, April, and May, near-surface salinities dropped
sharply o 30.0 °/oo and lower, forming a distinct halocline. This
reflected the typical spring runoff cf fresh water into the western Gulf
of Maine. During the summer months, salinities increased again but the
halocline was less evident. In Septamber, October and November, in-
Sreased runoff reestabliched the halocline again, showing surface-to-
bottom variations of up %o 2.0 °foo (Pigure 2.2-14). In the late fall
the onset of more-intense winter storms, in the absence of the seasonal
thermocline and decreased runoff, broucht increased vertical nixing and

return to the ischaline conditions of December.
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Typical mean salinity profiles from coastal waters off Hampton
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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
of radiational heating and runoff. 1In the late fall the waters are more
homogeneous 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 cooling.

This annual progressicn or cycle is pra.  ‘ily 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 2.2-1%5 to 17 and Table 2.2+3):

1. 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 €) and salinities average from
31.1 to 33.2 /00, This vertical uniformity probably results from
atmospheric cooling :nd vertical mixing of the water colusu 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 naar-bottom
waters undergo pronounced coc.ing down to 41.0 to 35,6 F. Through much
of the winter, near-surface temperatures are slightly cooler than those
¢f near-bottom waters, resulting in a weak reversed or negative thermal
stratification. Culdest temperatures generally occur during January and
February, lagging about 30 days behind the minimum atmospheric tempera~

tures observed during the year, Salinicies remain about the same as in
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. TABLE 2.2-3. TEMPERATURE AND SALINITY CHARACTERISTICS OF COASTAL WATER-
MASS TYPES OF THE WESTERN GULF OF MAINE.

TEMPERATURE SALINITY
RANGE RANME
WATER MASS F ¢ 000
Decamber Water 40.6=44.% 4.8 7.9 31.3i=33,
Winter Water
(January to March) 35.8-41.0 2.0« $,0 31:1=313.

Spring Transitional Water y
(Marea to June) 39.2-50.5 4.0-10.3 - P o & B

Summer Surface Water

(June to September) 53.2-68.5 11.8-20.3 28.0=32.
Bottom Water
(April and May) 38.5-43.2 3.6- 6.2 39.9-352.
(June to September) 44.2-53.2 $.8=11.8 30.9=32.
(Uctober to November) 45.3-31.4 7.4-10.8 32.6=32.
. Fall Transitional water
(September to November) 44.2-55.4 6.8=22.0 J0.8-32,

L=
n
L

L]

o

O a0
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the December Water Mass. (31.1 ¢o 33.5 “/00). Thus at this time of the

YeAr, coastal waters are well-mixed both horizontally and vertically.

ITI. SPRING TRANSITIONAL WATER MASS

Freshwater runoff, coupled with atmespheric heating and
decrease in storm f{requency, causes major changes in the temperature and
salinity characteristics of the near-surface waters whereas only minor
effects are cobserved in the deeper waters. In March, the development of
the surface layer is typically initiated by an increase in freshwater
runeff which lowers salinity in the surface waters and promotes stabili-
gation of the water column. The characteristics of the Winter Watar
Mass are maintained in the deep water as the Transitional Water Mass
develops. In early April, atmospheric warming promotes davelopwment of
the annual thermocline. Initially, the depth of the thermocline coin-
cides with the d.pgh :£ the halocline, suggesting that the warming of
the surface waters occurs after the surface layer has been established .
oy river runoff. The gradually rising tamperatures average 39.2 %o 50.5
F with highest values in June, Salinities show a marked] decrease f:om
those of the Winter Water Mass, down to 27.7 =0 31.0 “/oo. This results
from spring runoff and leads to the development of a sharp halocline
which typically is most proncunced during May. During periods of high
estuarine discharge, salinities also tend to show a graiiient pearpendic-
ular to the shoreline:; i.e., salinities increase with increasing dis-

tance offshore.

{V. SUMMER SURFACE WATER MASS

Suring late spring necs-surface salinities begin tc increase
again after the peak of spring runcff has jp.ssed. By June the thermo-
cline and halocline coincide again and the Summer Surface Water !lass
becomes established. Temperaturses show a sharp ircrease over those of

the Spring Transitional Water Mass (53.2 =5 88.3 F). Maximum tempera-




tures generally occur during August, lageing about 30 days behind the
maximum atmospheric temperatures cbserved during the year. Salinities
show an average rise <f about 1 ofoo over those »f the Soring Transi-
tional Water Mass (up to 28.0 to 32.0 ®/09). This salinity increase is
primarily due to decreased freshwater discharge o the Gulf of Maine and
increased evaporation. By late summer the thermoclina continues t©o

deeper; whereas, the halocline gets snallower again,

V. BOTTOM WATER MASS

The Bottom Water Mass is chserved from April through November
but typically can Le divided into three phases which correspond closely
to the various Surface Wacer Masses. April and May typically show a
warming wrend (38.5 to 43.2 F) and moderate salinities (29.9 to 32.7
o/oo). From June to September temperatures increase to 44.2 to 53.2 F
but saiirities remain about the same (30.9%9 to 32.4 o./oo). During Octo-
ber and Novembar temperatures decrease again (51.4 to 45.3 F); wnereas,

salinities increase to 32.2 to 32.9 °/oo.

VI. FALL TRANSITIONAL WATER MASS

Development of this water »ass generally Occurs when the
halocline is reestablished by a secondary pulse of freshwater discharge
into the Gulf of Maine. By thia time of the ysay, %the progressive break-
down of the thermocline is brought on by increissed major storm activity
and vertical mixing. Temperatures decrease from 55.4 0 44.2 F ana
salinities decrease to 30.8 to 32.0 ® /o0 (Table 2.2-1). By MNoveamber
there is no thermal stratification and the halocline becomes shallower
again. By December maximum homogeneity is evidant throughout the water
solumn with no distinguishable surface layer. Thus, the development and
maintenance of the surface layer is a resulrt of low salinity water being
discharged from the estuaries, rathar than the presance of a thermo-
¢line. The fregshened surface layer persists in the fall, even though

there was a lack of thermal stratification.
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ciated with northeast storms when strong near-bottom surrents and large

waves affect the sea flocr: nowever, the storm effects are compensated
by transport processes which tend 22 accumilate sediment under non-storm
conditions. Thus the sea floor off Hampton BHeach appears %o be in a

state of dynamic equilibrium.

2.2.8.2 Suyspended Sediments

The suspended lcad of particulate frattar i offshore waters is
iargely the result of: discharge of suspended sediments from freshwater
runcff; resuspension of tidal-flat sediments by wind, wave activity,
and subgeguent seaward transport out of estuaries; and biological
growth, Total particulate concentrations <ff tha New Hampshirs ccast
from the mouth of the Pisc taqua River %o the 500t contour in Jeffreys
Basin, as measured durin .971 and 1972, showed large fluctuations; but
in general, the wint ~nths had the highest concentrations and the
sumer months the lowest (Ward, 1272). Highest organic concentrations
were often seen during increases in total particulate concentrations,
excluding the phytoplanktsn blocms, indicating that the increase in
particulate concantrations can be largely attributed o incrganic
sources. Generally about 358 of the total particulate matter was of an
organic scurce.

According to Shevenell (1974), turbidity in the ccastal shelf
waters is characterized by a near-surface zone and a near-botzom zone of
increased turbidity during times of density stratification in the water
column. When this density stratif _ation broke down, an offshore gradi-
ent in tuvbidity was observed., The dispersion of sedinent-rich estua-
rine waters into the coastal shelf waters was controlled by the density
gradient retween the twe water masses. Data on light transmission
showed near-surface and near-pottom turbid zones during most of the vear
with a middle 2one which had much less suspended material. from these
data, it appears that the surface turbid layer is primarily due %o

phytoplaniton and to a lesser extant %o particulate matter from astua-




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 associctted 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 Rampton 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.S5, Army Corps of Engineers. Depths in the main
channel are somewhat variable due to shifting sands, storm effects, and
periodic naintenance dredqing. In genaral it is about 20 tn 30 ~ft deep
(at MLW) at the Route lA Highway Bridge and shoals considerably a short
distance %0 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 trSu the northern breakwatar to the Inner Sunk Rocks is formed by
sand eroded from Hampton Beach and transported southward by the littoral
longshore driftc, especially during storms. This channel regquires rou-
tine dredging every year to Kkeep it open.

2.2.9.2 Turbidity

During the fall of 1375 NAI conducted a special study %o
detearmine ambient turbidity levels in Hampton Harbor estuary under
varying oceancgraphic and meteorologic conditions \NAI, 1976e). The
mean turbidity reading in the main harbor near the proposed barge land-
ing site on Septemher 17, 1975 under normal or relatively “"calm" condi-
tions was 1.43 FI"'s (Formazin Turbidity Units). After the northeast
storm of Qctober 18 to 21, 1975, the mean turbidity was 3.92 FlU's, an

increase of 2.73 times. Likewisa, the control station in tne Blackwater



River showed postestorm turbidity 1.86 times that of calm conditions.

However, near the proposed plant site south of the Browns River, ture
bidities (as high as 36.0 FTU, measured with the Hach turbidimeter)
showed no relationship at all to sworm events.,

Results of this study showed that there was generally a two-
td three-fold increase over "calm"-condition turbidity levels in Hampton
Harbor estuary following a coastal storm lasting several days. 1In
general, turbidity appears to be invarsely related to the stage of tide.
During high tide, turbidity levels are lower, possibly dus to the
influence of less-turbid offshore water: wnereas, at low tide turbidity
levels tend to increase. This relationship was most apparent at the
3rowns River site. Ambient turbidity levels as high as 36 FTU's and 72
ng/l total non~filterable residue were measured within the upper reaches
of the estuary. During stormy pericds especially in the winter, ele-
vated turbidicy levels such as these have been seen to persist for weeks

4t a time both in Hampton Harbor and offshere. .

2.2,5.3 Tidal Hydrailics

Under natural conditions, current speeds at the estuary inlet
range from about zero to as much as 2 ©0 3 kn on spring tides; maximum
flow through the inlet may reach nearly 18.0 x 136 gal/min (gpm) or more
than 40,100 fta/:oc (¢€s). The average flow on a typical flooding tide
is about 9.8 x 10° gpm or 21,835 cfs. Over a pariod of 12 hrs and 30
min, under typical conditions, about 3.7 x 139 gal of water first enters
and then leaves the estuary on one flood and ebb tide cysle. At low-
water slack tide, a mean of approximately 300 x 106 gal of water is
estimated to remain in the estuary. Thus, the total average flood tide
vwolume of the estuary is approximately 4.2 x LDQ gal. Expressed on a
percantage basis, about 88% of the estuary volume leaves and returns on
each ebb and flocd tide cycle. At low-water slack tide, the estuarine
residual is approximately 1l2% zhat of the total volume of the basin.
Only about 6% of the ebb tidal plume returns %o the asTuary on the next ‘
tidal cycle (EBASCOD, 1969).



2.2.9.4 Patterns of Tidal Flow

As has been previously described, there is a pronounced sea-
sonal variability between the waters of the Hampton Harbor estuary and
the adiacent ocean waters of the western Gulf of Maine. In the summer,
the estuarine waters are generally warmer and fresher than the Ampionc
ocean waters offshore because of solar radiation and land runcff. In
the winter, the estuarine waters are generally colder than offshore
waters due to solar inscolation, but are still fresher because of land
ranoff. The ganeral, circulation and flow pattern of these waters can be

summarized as follows (Figure 2.2-19):

1. EBB TIDE

During .ebb tide, in the absence of storms and wini stress
affects, coastal waters off Hampton RBeach seaward of the Outer Sunk
Rocks jenerally 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

d.io

Ebb~tidal currents from the estuary flow through the inlet
{slightly southeastward), reach.ng speeds in excess of 2 to 3 kns due %0
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 praviously, this plume is comprisad 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. Currern: flows at the proposed
nearshore intake site are generally weax (0.1 %o 0.15 kn) and toward

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

aouth.

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 Telatively small portion of the ebb-tidal plume flushed out
of the estuary would move northward where it would be subjected %2 .
entrainment by the proposed nearshore intake £for the Serhrock Station.
During th: flocd-tide, proporticnately more water entering the astuary
would be siojected to entrainment; but it is still only a small porsiocn
of the total flood-tidal prism of the estuary. No entrainmont 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 Er4r. of Coastwise Orifting
Qrganisms

Quring the summer of 1975 NAI conducted several special
studies to provide additional information on the potential entrainment
impacst of either of the proposed Seabrook Starion intakes on the planke
tonic organisms found in the coastal waters off Hamrton Seach (MNAI,
1375b). The larvae of the soft<shelled slam, ¥ya arenaria, which are
available ir the near-shore waters f£or recruitnent =0 =he vAricus estu- ‘

aries alcong the coast of the western Gulf of Maine wers of special czoncern.






LF]

The rzesults of t.ese special studies damonstrate that no ’
Wnigqae current streamline persists between any of the transect release
points and any estuary. Although protected entrainment of ¥, arenaris
Aarvae wiiich might have otherwise entered Hampton Harbor would Le low
aiywhere along the Intake Transect; from the drifter releases, the off-
shore intake site Appears to be one where such ensrainment logses would
be minimized re.ative to sites either further offshore or clet -z to
shore. TFor & continuation of discussion of entralnment impacss see bice
logfecal section 5.1,

2.3 RIN NITT
.3 n ion

In genoral, merine plants and animals are highly evolved but
comparatively simple cryaniszed forms, reflecting an evolutional history
of me2e than 600 million years. The distribution and habits of marine .
biota are distinctly diffarent from those of terrestrial bicta, primar-
ily due to: 1) the buoyancy of water, and 2) the lack of ceep penetra~
tion of light (to 15 m or less in coastal areas, depending on the amount
of suspended matter). The predominant plant life are algse, taking the
form of either tiny cells or massive fronds of simply organized tissues
(the “"seaweeds"). The richness of animal life in tmhe sea is well known,
Of the nineteen or so widely recognized animal phyla, all except one or
twe ars found in the sea: five of the phyla (Brachiopoda, Chaetognatha,
Phoronida, Pogenophora, Echinodermata) are exclusively marine. The
three mnst highly evelved groups (Mollusca, Arthrspeda. Chordata) are
well represented.

Although the greatest density and variety of sea 1ife is =2 be
found nearest the continents, even these coastal areas are not evenly
populated. Pelagic organisms (those which drifs or swim freely in the
ocean) are directly, or indirectly through food reguirements, reguired

to follow the movements of water masses. BSenthy. (beottume=dwelling) ‘




organisms are typically strongly associatod with & particular substrate
type, such as rock or sand,

Sea organisms are often considered to be delicate and fragils,
however; in their home envigsonment, they are, to the contratry, rigged
and resilient, Most have pratigious powers of repopulation so that the
loss of even 4 great many individuals may be of little consequence to
the poulation at large., Of the many marine species which have survived
epochal change (ice ages, continental drift, magnetic f'eld reversals,
ete. ), there are few which lack considerable defenses against fluctus
ating environmental conditions.

In the following sections, those marine organism assemblages,
represented in the general vicinity of gites to be used for Seabrook
ftation cooling water intake and discharge structures, are described.
The categories Lin which they are treated reflect their distribution and
habits (i.e. plankton; benthos, and rnekton),

2.3.2 Plankton

2.3.2,1 Phytoplanktan

Phytoplankton are the microscopic primary producers of the
sed. They exist either as single cells or as groups of cells. As
primary producers, they fix sclar energy into chexical energy and, thus
constitute the base of the marine food web. Phytoplankton serve direct-
ly as food for nerring-like fishes, including alewife and menhaden. The
movement and distribution of planiiton are primarily dependent upon ocean
currents. They are not capable of making sustained swimming movements

against a current.




&s NET PHMYTOPLANKTON

The phyteplankton are best known from net collections. Net
poaytoplankton typisally underge periods of peak abundance in late spring
wd, again, ia fall. These "blocoms" are closely tied %o availability of
+ight and plant nutrients (e.9., phosphorus and nisrogen compounds),
which are, in turn, geserally associated with seasonal patterns of
shermal ssratification and destratification (mixing) of the water
column.

The net phytoplankton n the study area are overvhelmingly
dominated by diatom species; for example, of approximately 115 species
or Jenera identified from net phytoplankten colilections in 1975-76, 96
were diatoms. large, armored dinoflagellates make up the next mo- %
important group: there were nine dincoflagellate species in (978-76
sollections. These two groups predeminate in nat collections not rece
essarily becauce they Are more numerous or represent the greater portion ‘
@f the biomass, but because they are large and have spiny structures, or
form chains, so that they are easily caught. Ciatoms and armored dino-
flagellates are also relatively easy to presarve and their distinctive
structures (which retard sinking) make good recognition characters.

Table 2.3+»1 zanks the more abundant net phytoplankton in the
vicinity of the proposed intake and discharge site. It is readily
apparent that the genus Chaetoceros (all the mesmbers of which are chain-
formers and have long spines) predominates. Thalassiosira, and some~

cimes Detonu'a confervacea, have alsc been numerically important, par~
ticularly during the early spring. The two Ceratium species are mide

summez to fall dominants, while RAizoselenia alata is strictly a fall

dominant. The temporal abundance and distribution of Skeletonema cos-
tatum is discussed in Section §,1.2.




TABLE 2.3¢1, RELATIVE REPRESENTATION OF NET PHYTOPLANKTON IN THE
VICINITY OF MAMPTUN BEACH, NEW MAMPSHIRE,

SPECIES ABUNDANCE RANK
1978-76 1974.7% 197273

Chaetoceros debilis (B) i ! i
Chaetocercs furcellatus B) . ND* ND*
Chaetocerous compressus B 3 ND e ND*
Thalassiosira nordenskicldi (8) “ $ 3
Chaetocercs lacinosus (B) $ ND ND*
Chastocercs affinis (B 6 é ND*
Chaetocerous brevis (B) ? ND* ND*
Chaetocerous spp. (B) - ND* "
Chastocerous diadema B) 9 Np* ND*
Rhizosclenia alata (B) i0 10 ND
Nitzchia seriata (B) il ND ND
Chaetoceros decipiens (8) 13 8 Np*
Skeletonema costatum (B) 13 4 3
Ceratium zripos (L) . ND 23
Detonula confervazea (B) 18 s ND
Ceratium longipes (D) F3 7 il

Diatom

Cincflagellate

No Data

systematic separation of Chaetocercs spp
varied from vear tu year

‘50.
L B B
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TABLE 2.3+, RELATIVE REPRESENTATION OF MOLOPLANKYERS
IN THE VICINITY OF MAMPTON BEACM, WEW WAMPSMIRE

SPECIES ABUMDANCE RANK

197876 197478  1873.74 1972.73

Cithona similis (Cy) i 1 1 i
Pseudecalanve minutug (Ca) s 3 3 6
Nicrosetella norvegica M) 3 ND ND 9
Centropages typicus (Ca) - H 4 $
Temora longicernis (Ca) $ 8 € 4
Calanus finmarchicus (Ca) & 4 10 i0
Eurytemora herdmani (Ca) 4 7 ‘ 3
fvadne spp. (Cl) £ 6 8 P
Acartia lengiremis (Ca) ¥ ND ND ND
Poden spp. (Cl) 10 9 ? ND
Acart.a tonsa (Ca) 1l § $ ND
Metridia lucens 'Ca) 12 ND ND ND
Tortanus discaudatus (Ca) 3 10 Bl ND

Ca » Ca:anoid ropepod
Cy » Cyclopoid copepod
H = Harpacticoid cepepod
Cl = Cladoceran
ND = No Data



Among the various other holoplianktonis groups only the herdie

vorous cladocerans ("water fleas") rank with the copepods in numerical
Arportance. Other, less numercus, members of the holoplankton include:
i) predators, such as, Sagitta spp. (“arrow worms"), Aurelia aurita

(the "meon jelly") and ctencphores (“comd jellies"), and 2) the largest-
bodied animal group assrciated with the zooplankton, the euphausiids
("krdll") which are & ey component in the diet of marine birds nd
samnals, a8 well as many economically impersant finfish,

11.  MEROPLANKTON

This category refers to animal organisms which are planktonic
only during the early life stages. Included are emoryes anéd larval
stages of mos. benthic animals (see Section 2.3.)). The eg9gs and
larvae of finfish are alse included in this category of plankton.
Howsver. they are collectivaly termed (chthyoplankten (see Section
2.3.2.3), Table 2.1«} presents the more abundant groupings in order of
numerical importance. Particular significance is attached to the larvae
of econemically important bivalve molluses, such as: the soft-shell
clam, Mya arenaria; mussel, Myeilus edulis and the soa scallip, Placo-
pectan magellanicus, lLarvae of ¥, edulis numerically deminate the
bivalve group. Brachyuran (erab) larvae are occasionally numerizally
important., Crab zoea of the commen rock ¢rab, Cancer irroratus fre-
quently ocour in large numbers in early summer plankton sollections.

113. TYCHOPLANKTON

The tychoplank+on consists of organisms whiih temporurily
inhabit the watar ~o.umn when they are swept from the ses bottem by
STOr®™ surges oOr actively migrate up into the water column to feed
(usually at night). Mysids (e.§., Veomysis americana), sumaceans (e.3.
Qiastylis polits', iscpeds, amphipeds, and certain decapods, such as the

sand shrimp, Crangon septemspinosa comprise this often overloocked plank~ .



TABLE 2.3+3. RELATIVE REPRESENTATION OF MEROPLANKYERS IN T
VICINITY OF HAMPTON BEACKH, NEW MAMPSHIRE.

TAXONOMIC GROUPINGS ABUNDANCE RANK
197876 197273
Bivalve veligers 1 i
Gastroped veligers 2 Z
Folychaete larvae 3 4
Cirriped (barnacle) nauplii - 3
Echinoderm larvae $ 7
Cirriped (harnacle) cyprida 6 5
Sastropod eggs 7 NG
. Polychaete trochophores a &
Brysgoan syphonautes larvae ) ND
Epicardean larvae 10 NP

ND » No Data
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TABLE 2.3-4. SPECIES RANK FOR TCHTHYOPLANKTON BASED ON CATCH IN MIDWATER PLANKTON TOWS.

SPECIES

EGGS

Labridae /Limanda
Hippoglossordes platessoides
Gadus /Me | anoyt amemu s
Yrophygcis spp.

Enchelyopus cimbry ras
Scophthalmus aguosus

Scomber scombrus

LARVAE

Ammodytes amer icanus

Clupeas barengus
Tavtogyolabrus adspersus
Liparys

Hippogylossoides platessoides
Enche lgopus cimbrias
Clyptocepha lus cysoglossus
Pollachius varens

Canner /yellowtail flounder
American plaice
Cod/haddock

Hake

Fourbeard rockling
wWindowpane

Mackerel

Sand lance
Atlantic Werring
Cunmer

Seasnail

Amery ican plaice
Fourbeard rockling
Witeh flounder
Pollock

ND = No Data

1975-1576
1 OF
RANK TOTAL
i 59
2 13
3 1o
1 ®
5 5
o 2
7 i
o
RANK  TOTAL
1 17
2 16
3 8
1 N
5 "
6 S
7 B
H 2

1974-1975
RANY

-

NS W

Vil oW e N

W

1973-1974
FANY

N -

W

.~

T8«0"2

e



rank may vary from year %2 vear, the species discussed above are the

dominant ichthyeplankion species in Vew Hampshire ccastal waters.

2.3.3 Benthos

2.3.3.1 Benthic Fauna! Communities

1. 3SUBTIDAL COMMUNITY

The area of the proposed Seabrook Nuclear Station discharge
and intake structures is composed of three basic substrate types: rocke
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 variabilisy
found within the sha'low subtidal benthic :.munities aleong the New

Hampshire coast. .

The rock ledge and cobble substrate areas are & mosaic of
rocks, ledge, gravel and sand, each with an associated faunal assemblage.
Those species considered nard substrate (rock-ledge, cobble) duminant
fauna, form a ubiquitous qioup of epifaunal species associazed with nard
substrate to at least 80 feet below mean low water (Tables 2.3-% and
2.3-6). In addition %o the large ubiguitous group of dominant fauna
there are 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 %o 4 insh
overlayaer of sand located in the area of the proposed intake. Each of

these substrates nas an asscciated faunal grsup (Table 2.3-7),
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TABLE 2.3<8. SUBTIDAL MARD SUBSTRATE SPECIES IN THE VICINITY af
PROPASFD INTAKE AHD . 1SCHMARGE SITE .
TO RANK ORDER OF ABUNDMNCE,

Spirorbls spirilium
Mytilidae spat

Lacuna vincta
Pontogeneia lnermis
Jassa faicata
lschyrocerus anguipes
Balanus balanus
Hiatella spp.
Spirorbis borealis
Caprella septentrion: iis
Idotea phospholea
Molgula sp.
Pleusymetes glaber
Asterias spp.
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TABLE 2.7+6., SUBTIDAL COBBLE SussT n;-'s DOMINANT SPECIS

VICINITY OF THE PROPOSED
NUMBERED ACCORDING T0 A

Uneiclia izrorata
Hiatella spp.
Cerasgtoderma pianulatum
Leptochelirus pinguis
Spirverbis spirillam
Euchone rubrocincea
Coreophium crassicoerne
Pontogeneia ilnermis
Euclymene collaris
§pirorbis borealis
Astarias spp.

Balanus balanus
Tonicalla ruber
Strongylocentrotus droebachiensis

Tharyx spp.

NC = Not Collected
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TABLE 2.3+7. SUBTIDAL SAND SUBSTRATE SPECIES IN THE VICINITY OF "NE
PROPOSED INTAKE AND OISCMARGE SITES, NUMBERED ACCORDING
TO RAKK O2DER OF ABUNDANCE.

:
|
|
|
|
|
1
|
SUMMER APRL ‘

1978.1976 1978 197,
Acanthohaustorius millsi 1 NG NC
Tellina agilis ¢ 3 NC
Protohaustorius deichmannae 3 NC NC
Psammonyx rebilis - L1 NC
Echinarachnius parma $ < ?
Spiriickis s3izillum é NC NC
Leptocuma minor ? NC NC
Clymanella torguata d d NC 1
Spisula solidissima 9 NC NC |
Stenelals limicola 10 il NC |
Unciola irrorata 11 NC NC
Arctica islandica 12 7 b
Diastylis polita 13 NC )
. Mytilidae 14 NC NC
Aricidea spp. 18 NC 10
Edwardia elegans 16 1 3
Spiophanes bombyx 17 13 11
Pontogenela .nermis i8 NS 3
Tharyx sp. 19 NC NC |
Fucylmene collaris bl NC 4 |
Jassa falcata 2l NC NC
Myriochele heeri 22 NC i
Tachrocerus anguipes 23 NG NC
Scoloplos fragilis NC uc 6
Siligua costata NC & NC
Engias direcrus NC ) NC

NC » Not Coilected
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TABL: 2.3+8, INTERTIDAL HARD SUBSTRATE DOMINANT SPECIES AT HIGH

(*8.8 FT), MID (+4.2 FT) AND LOW (2 FT) TIDAL LEVELS

IN THE VICINITY OF THE PROPOSED INTAKE AND DISCHARGE

{T€S.

JUNE MARCH QECEMBER SEPTEMBER
HIGH 1976 1976 1975 1975
Littorina jittorea - 1
Littoyina obtusata e 1
Mytilidae spat 3
Balanus balancides :
Mytilus edulis -
Cammare.lus angu.iosus ]
Carcinus maenas 3
JUNE MARCH DECEMBER SEPTEMBER
MID 1976 1978 1875 1978

Salanus balancides 1 i - 1
Hyale niissoni - 6 6 2
Mytilidae spat 2 3 . k|
Littorina obtusata 3 2 3 “
Qligochaete $ 7 $ |
Littorina littorea & “ - 6
Probursa veneris 7
Jaera marina 7 8
Nucella lapillus 8 E]
Jammarus oceanicus 10
Hiatella spp. 7
Littorina saxatilis 8

o

Fabricia sabella
Mysella planulata 2



TABLE 2.3-3, ‘NTERTIDAL SAND SUBSTRATE DOMINANT SFEC!

(*8.3 FT), MID (+d.2 ’T' AN“ -Jh (0 ) TIDAL LEVELS
IN TwE VICINITY OF THE °KkCPOSED INT &Af AND DISCHARGE
SITES.
JUNE MARCH DECEMBER SEPTEMBER
MID 1978 1976 1978 1978
Scolelepis sgquamatus 1 i
Nereis diversicolor-virens !
Mytilidae spat 3
JUNE MARCH DECEMBER SEPTCMBER
LOW 1976 1876 1978 1878
Ciigochaeta 1
Scolelepis squamatus 2 .
Amphiroreia virginiana 3
Lacuna vincta i
Caprella septentricnalis p
Jassa falcaca 3
Idotea phosphorea -
Ischyrochrus anguipes 5
Jaera marina B

Caprella andreae
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ings have been identified, the major categories of which are shown in
Table 2.3+10, The Coralline officianalis to which the table resrs is a
very common crustose algae whose holdfasts offer a great variety of
misrohabitats t2 these %“iny animals. Among the major organism cate=
gories, the harpacticoid copepeds (Table 2.3-1l) are particularly ncte-
worthy as they are a major component in the diet of many ground feeding
fish.

e P nthic Macroalgal Communit

The benthic macroalgal community on rocky substrates in the
offshore coastal Hampton-Seabrook study area (Table 2.3-12) consists
of sevar2)! dominant pess.nial species with the intermittent occurrencs
of certain annuals. The major associations are distributed vertically
in overlapping bands, their distribution dapending primarily on their
particular light regquirements and secondarily on their temperature and
submersion reguirements. Standing crcs and numbers of taxa also show a
vertical orientation with maximum values distributed around MLH,
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 raximum growth and recruitment of all species.

2.3.4 Nekton

Nekton are large bodied crganisms capable »? directing their
own bocy movements over long distances; this contrasts with the plankteon
which have a limited capability of directing their movements indepen~
dently from drifting water masses,



TABLE 2.3-10.

TABLE 2.3-11.

COMMON MEIOFAUNA [NVERTEBRATE TAXA FOUND IN
OCEANIC AND ESTUARINE SOFT SUBSTRATE SAMPLES
AND/OR IN CCRALLINA CFFICIANALZIS MOLDFASTS.

Nematoda
Harpacticoida
Bivalvia
Folychaeta
Cstracoda
Gastrotricha
Halacaridae
Turbellaria
Tardigrada
Archiannelida

COMMON HARPACTICOID COPEPOD SPECIES FOUND IN
OCEANIC SOFT SULSTRATE SAMPLES AND/OR IN
CORALLINA OFFICTANALIS WOLDFASTS,

Thompsonula hyaenae
Halectinosoma necofactum
Halectinosoma sp. 1
Pseudobradya sp. 1
Dac*viopodia vulyaris
Paral«.phonte macera
Parastenhella spincsa
Tachidius discipes
Rhizothrix minuta
Amphiascus minutus

*s

=90
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TABLE 2.3-12. DISTRIBUTION OF MACROALGAE TN THE OFFSHORE COASTAL HAMPTUN-SEABROOE STUDY AREA

IN 1975-1976; ASSOCIATED SPECIES NOTED IN PARENTHESES

—-
imd 2.6 1+1.3 O “5. 2§60 §-9.1 ] -10.7}-22.23-45.2

-R.J-za a8
W __—«———-’

e ey fonsjea2) o 17 Je2o |- o35 |-e0 |50 |es e
Husber of taxa ve 21 1n 42 3 4 n s % i1 29 15
25

) R
Mean standisly crop s 17 2171 | 5Bt | 59 THO | 244 152 1z ” E &
tgms dry wt ml) pm14 b (s
MACRORLOGAL ASSOCTATION VERTICAL DISTRIBUTION
Speec les Ao inant Py imary assoclated species)
lalgaes type - common name)
Certain anmal species)
Fucas spp. Ascophyl lus nodosum e 4
(Brows -~ "rock™ algae Certain peremmial species including crustose forms)
Chondras. Crispus ¥ . oo —
fred -~ “Irish soss™) iCoralline beiow MWW
fCertain amnne . species)
Desmarest ia sSpp. | SGE—
fhross -~ Bone)
(3 kelp species)
Laminarsy s Spp. - 2
ibrown -~ “kelp™) E
(Phgeodrus, Ptilota & other peresnmial reds)
Phyllophsea + 4
ired — none)
(Primarily & species)
Crustes= coraliines r 4
{rad -~ mone) (Species distributed by degth)
taxal
Agares 1 ibosum/Oyoen -~ kelp ;_h-" »"
Antithomnion spp. (red — wone) o
khodopigllis dichotoma fmly species)
——

{red -~ pone)

* Depends on commanity dominants .
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2.3.4) Invertebrat ‘I"

Twe diverse invertebrate Jroups Are LMPOrtAnt representatives
in the nekton: tha saridean crustaceans (i.e¢. shrimp or prawns) and the
cephalopod melluses (i.e. sguid)., The prawn group is represented in the
vicinity of the insake and discharge site by such commercially importiant
species as Pandalus borealis and Dichelopandaluw sp. while important
species of local squid are predominantly of the genus Lolige. ALl of
these species are carnivores.

2.3.4,2 Finfigh ni

Approximately 70 species of finfish have been identified in
New Hampshire coastal waters since monitoring studies began in 197%
(NAZ, 1974a, 1978b, 1977a). The finfish community can generally be
categorized into bottom fish, near-bottom browsers, and pelagic fish,
although, as is shown Lo Table 2,2<l), these categories may overlap fer .
certain species.

Based on results of three years of trawl data (Table 2.3-14),
the most abundant fish in the trawl catches were vellowtail flounder
(Limanda ferruginea), smelt (Osmerus mordax), cod (Gadus morhua), winter
flouader (Pseudopleuronectes americanus), longhern sculpin (Nyoxocephe
alus octodecemszinosus), skates (Raja spp.) and oceanpout (Nacrozoares
merica: | ). Observations by SCUBA divers on rocky substrate areas,

Aaccessible by trawl, indicate that cunner (Tautogolabrus adspersus),
pollock (Follachius virens) and radiated shanny (Ulvaria subbifurcata)
are also common members of the DOttom or near-bottom sommunity. Ia
fact, density eatimates of cunner by divers indicate that it is probably
the most abundant fish species in the near-shore area, Of these spe-
el 4 y \lowtail, cod, winter flounder, windowpane, longhorn sculpins,
$Ki Lse. nd radiatad shanny are permanent residents of the nearshore
area. Although cunner ars also permanent residents of the area, they
are only active from April through December. Individuals overvinter .

T T e P
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TABLE 2.3-13. SEABROOK FINFISHM ECOLOGICAL CATEGORIZATION.

e
NEAR BOTTOM & |  PELAGIC PLANKTIVORES & |
BOTTOM F1SH BROWSERS S PREDATORS ‘
|
Winter flounder Cunner Atlantic mackersl
Yellowtail Tautog Bluefish
Smooth flounder Scup Plueback herring
Atlantic halibut Banded rudderfish Alewife
American plaice e Striped bass
Windowpane Pollock S
Fourspot flcunder g PALNRDOW SMelt
fummer flounder Black sea bass Atlantic menhaden
Red hake Atlantic cod Atlantic herring :
White hake Tomcod
Spotted hake et gt lantic silversides
Fadiated shanny Sand shark -
Skates (Small, Big,
Winter)
Rock gunnel
Grubby ‘
! Longhoin sculpin ' !
. Shorthorn sculpin |
g SLIVET NAKE ————
== Smooth dogfish
-y Spiny dogfish
Atlantic sturgeon
Atlantic welffish
American sand lance
: Cusk
Lumpfish
Fourbeard rockling
Witeh flounder
foa snail
Goosefish
Snakedlenny
Ocean pout
e Hgddack
Sea raven
Striped sea robin J




TABLE 2.3-14. SPECIES RANK OF BOTTOM FISHES BASED ON OTTER TRAML CATCH.

SPECTES COPMON NAME 19751576 1974-197% 1973-1974
3 OF

RANY  TOTAL RARY KANY
Limanda ferruginea Yellowtail flounder 1 R 2 ]
OUsmerus mordax Rainbow smeit 2 7 i 2
Vrophycis spp. Hake 3 6 K #u
Gadus mor huas Cod 3 p . 3
Moy luccins bilipearis Silver hake 5 s 1 in
Mycxocepha lus octodecemspinosus Longhorn sculpin & k] L] 6
Pseadopleuwronect#s amer icanus Winter flounder 7 ] 3 4
MACTOZOAICES amer I Canus Goeanpout q 2 9 14
Ha Ja orinscea Little skate 9 2 7 ’
Scopht halmss agu sas Wi ndowpane 10 2 & 5

pé=~Q"



O=9%

L =]

deep in rock crevices in a torpid nen-feeding state. Smelt are alse
common near bottom during the winter months.

Based on gill net cateh, the most abundant pelagic fish spre~
cies are Atlantic herring (Clupea harengus), poliock (Pollachius vicens),
blushack herrving (Alose aestivalis), mackerel (Scomber scombrus), men=
hadan (Brevoortia tyrannus), alevife (Alcsa paoudoharonqul); and at
least during 1976, silver hake (Nerlucecius billnearil) (Table 2.23-15),
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; pollock are abundant from early
spring through fall, but are absent '‘n winter., Blusback herring, ale~
wife, and mackerel generally ocour only during late spring and early
fall, but mackerel may alsoc occur during mid-sunmer. Silver hake ocour
from spring through late fall, but are absent during AugQust when temp=-
erature is highest,

Surveys of spertfishermen conducted from 197) through 1976
indicate similar (pecies composi®‘~n and seasconality with winter floune
der, tha species most oftan caught.

B T i i e e e e T e e e e



FABLE Z.3-15. SPECHES RANK OF PELAGIC FISHES BASE™ ON GILL NET CATOM.

SPECIES COMMON  NAME 1975-1976 19741975 1973-i97¢
L

RANK TOIML HARY RANK
Clupea harengus Atlantic herring i >4 i9 #
Merinocius bilinearis Silver hale 2 12 N 15
Alosa aestivalis Blueback herring 3 9 2 8 3
Pollachius virens Pollock 2 7 | L]
Alosa pseadoharengus Alewife S S s b |
Scomber scombre s Mackerel 3 q b ’
Usmerus mordax . Rainbow smejr ¥ 2 i, ’
Brevoort 1a tyranmus Menhaden o 2 iG S
Gadies mor Pega Cond 9 2 2 2
Hrophycis sSpe. Hake 10 1 2 [En

ND = Ho Lbata

Both Aloss spp. included in A. pseadohareagus category.




3.0 CHARACTERISTICS OF THE PROPOSED CIRCULATING WATER SYSTEM

3.1 INTRODUCTION AND GENERAL SYSTEM DESCRIPTION

Seabrook Station as well an any flectric steam-generating
station requires cocling water to gondense steam into water after the

steanm has passed through the turbines which drive the electric generators.

The steam condensate 48 then pumped vack into the steam generator to
cuntinue the powar cycle. The condenser cooling water does not come in
direct contact with the reactor systems., The major change which occurs
in the condenser cooling water i3 the addition of heat by which spent
steam is condensed. Also, as described in Chapter 3 of the Seabrook
Environmental Repo+ (PSNH, 1973), small quantities of certain chemicals
and wastes are introduced into the circulating water and “ischarged in
highly diluted concentrations.

Seabrook Station has been designed with a "once-through”
condenser cooling-water system., "Once~through" means that the condenser
cooling water is taken from a4 natural water body (the ocean, in this case)
inte the plant at ambient temperature, passed through the heat exchange
system (main condensers and service water heat exchangers:, and then
discharged back into the ocean at an increased temperature. This
increase in tempeiature is often referred to as the condenser tempera-
ture rise or delta~T (4T).

Steam~slectyic power producticn reguires that a certain amcunt
of heat must be removed from the spent steam tO condense it to water
t0 be recurned by pumping to the steam generation cycle. For Seabrook
Station with both units operating, the guantity of heat which must be
removed is about 16 x 109 8TU/hr. Removal of waste heat fiom the steam
generation cycle can be accomplished by cne of two means - either
limiting the amount of cooling-water flow and having a high condenser
temperature rise (i7), or having a larger circulating cooling-viater flow
and lower 4iT. 1To minimize pumped entrainment impacts, Seabrock Statien
hat geen designed with a nigh 4T ard a "minimal' cooling-water flow.

The resulting temperature rise for Seabrook Station is 2% F with a

3,0=1
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of 22,000 gpm per unit for the service water heat exchanger, Consequently,
the nominal total flow is 412,000 gpm per unit or 824,000 gpm for both
units., Because there is no consumptive use of cooling water, the amoust
returned to the ocean at the point of discharge is 412,000 gem per unit
or 824,000 gpm for both units. This flow amount is maintained during
noermal operation throughout the year. All coecling water is drawn from
the ocean at a location about 7,000 £t offshore of Hampton Beach, as
shown on Figures 3.l1-1 and 1.2-1. This water flows through a 19-f£:
inside diameter (I.D.) tunnel aboust 17,160 £t (3.2% mi) ieng and into the
pumphouse .~7uted at the plant site. The time of travel through the
~ntake uriel at the nomi -l rated flow capacity of 824,000 spm is about
44 ain at a velocity of approximately 7.2 ft/sec (fps). Upon entering
the pumphcuse, the veloc'ty decreases %o ailow for debris screeninys
before entering the pumps.

One main condenser is provided for each unit The circulating
ater temperature is raised 19 F as it passes through the condencer. ’

‘ime of travel through the condenser is about 18 sec at %he specifilad

flow of 390,{ C gpm per unit. Having passad through tie condensars, the
cooling water flows approximately 18,500 f£+ (3.12 mi) through another

i9-£f% I.D. tunnel %o the submerged offshore diffuser. Travel time

through tue discharge lines for 824,000 gpm flow is 37 min at approximately
7.2 fps.

A cross-sectional profile of both the intake and discharge
systems 1s show in Figure 3.2-1. Each tunnel is constructed with a 0.5
percent slope toward the land %o allow for gravity flow of water seepage
toward the plant during constructisn and, if necessary, during dewatering
ef the tunnel. The intake and discharge tunnels have centerline elevations
of ~175 and -163 #t 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 #+ (Msi) respectively. Each tunnel is zonnected to

the surface at the plant by vertical riser shaf:s.
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Figure 3.2-1.

Profile of Seabrook Station circulating water system.




3.3 INTAKE SYSTEM i

The intake system consists of three offshore in.ets submerged
about 110 £t apart on the sea floor, three l0-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 % (MSL). Cooling
waAter enters each inlet structure through a "velocity cap" which is below
mid~depth in the water column and which has an cpening between 10 and 17
£t 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 surtaces of the intake structures
structures will be coated with an anti-biofouling material ty prevent
attachment and growth of organisms which would encourag~ grazing by fish.

Sxperience with offshore inlat structures along the ccast of
California indicates that a horizental inflow current has much less ‘
potential for fish sntrapment than a vertical currsnt (Weight, 1958;
Downs and Meddock, 1374; Schuler and Larson, 1874; 1975). A horizontal
inflow directicr is maintained about an inlet structure by means of the
pPreviously 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 shafit and a flange at the top of the vertical inlet shaft of the
same diameter as the "cap". The "velocity zap" allows inflowing water
to enter the gap between the cap and the flange from only a horizontal
direction. The nominal inflow velocity at the ocuter edge of the Seabrook
Station “velocity cap" is 1.0 fps.

The top of the l19-foot I.D. intake tunnel is at a depth of
about =165 ft (MSL) and i« connected tc each intake structure by a l0=ft
I.0. "riser shaft". The route of zhe intake tunnel is shown in Tigure
3.1=1. The pumphouse located at the site contains six cirsulating water
pumps. Each pump is rated for 130,000 gpm flow at an 30-f+ pumping
head. Also contained in the pumphouse structure are vertical traveling .
screens, a large forebay and appropriate hydraulic squipment such as

valves and stsplogs.
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PLAN VIEW

Figure 3.4-1. Diagram showing proposed Seabrook Station
diffuser configuration,



in a 1l to 115 uniform Froude scale model. The thermal discharge criteria

established by the Environmental Protection Agency (EPA) specifie

@
surface maximum temperature increase no higher than 5 F. By virtue of
the 15 fps discharge velocity from the multiport difiuser located in
water depths of more than 50 ft and diffuser nozzle crientation and
design, the maximum surface temperature increase asove 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
§ F surface maximum temperature rise, even though the initial temperature
rise at the discharge point (diffuser ncrzle) is 39 F. This result is
remarkable whan a survey of other New England cocastal power plants
reveals surface maximum temperature rises of 20 F and many as high as 28
and 29 F. Even the propesed Pilgrim Unit II has a maximum surfacs
temperature rise of 20 F.

Since the thermal plume resulting from normal station discharge
was designed to achieve a surface maximum temperature no greater than § .

F above normal ambient water temperature, a high rate of temperature

reduction must occur. The high rate of temperature reduction occurs in
a4 very short distance from the diffuser. Within about 32 seconds,

the tamparature is reduced from 39 F to § F above ambient. The volume
of water raised to tamperatures in excess of the § I surface tampera-
ture rise is small ~-- about 2 acre feet.

Near-field isotherms for the backflush case are preserco4 in
Appendix A for the hydrothermal "worst case" results (winter condi-
tions, non-stratified, 100 percent plant heat rejection). Figures
3.4-2 through 3.4-7 represent the ncrmal discharge operation for the
WOrst case winter current with the station at full load.
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3.4.2 Dilution of Ambient Water

T™e diffuser ocerformance discussed above can oaly be achieved
with mixing of ambient water inio the discharged water because decrease
in temperature is proportional to volumetric dilution, Diluytion is
generally defined as the initial temperature rise divided by the tempera-
ture rise of interest. An example of this is 39/5 = 7.9 for the dilution
of the thermal plume from the srigin to the point where tae plume reaches

the surface.

Dilution values are important since the diluticn factor indicates

the amount of amblent water required %o achleve a given temperature

rise.

st
¢ dilution is defined as De ——t (1)
AT
r
- 2
and Q,8T, = 2,47, (2)
where Qz B Qi - QA (3)
Q.47
4874
then Q2 = T or
r
"
Q + 0, ® et
TR S
at,
and QU OY
P
so that Q. = Q. (D=1 (4)






water temperalura, and air temperature.

The parametars included in the Seabrook far-field study and
repreduced here are taken from Table 1 of ARL, 1978,

TABLE 3.4.1, AREAS ENCLOSED BY ISOTHERMS

ISOTHERM AREAS

AMRIENT CURRINT PIRZCTION  TRANSFER CQEFFIC;ENT ACRES ENCLOSED
SPEED (kn) TOWARD (°TRUE) (BTU/ft%/dayF) 1.§F 2.0F
0,18 170 150 4,700 900

0.1% 30 150 5,000 1,200

0.18 30 100 7,200 1,700

0,18 30 219 3,200 800

0.40 20 150 2,800 300

Surface isotherm plots related toc the parameters given in the
above table are provided in Figures 3.4~8 through 3.4-12.

The purpose of 3 parametric study such as this cne is o
determire the far-field plume sansitivity to varia:ion in the parameters
utilizec in the study. It is cleayly evident from Table 3.4~1 that
isotherm areas show tile greatest dependence on ambient current speed and
surface 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 reprejantative 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, represantative values of the significant
dependent parameters must be determined before results can be obtained

from the table.
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TABLE 3.4-2.

Surface heat loss coefficients for the offshore study area

were determined using methods developed by Ryan and Harleman
Calculated monthly values of the surface heat transfer coefilicient are

provided in Table 3.4-2 below.

SURFACE HEAT TRANSFER COCLFr-ICIENTS

BTU/FTC /DAY /F

As can be seern from Table 3.4-2,

far~-£.e.: parametric analysis of ARL (.i97%5).

{2nd on Figuias 3.4~9 and 3.4-12.

ard 7,3 mi from the Isles of Shoals.

same frequencv.

ting water mass.

18%
184
162
163
187
158
+»18
186
202
191
163
158
166

the smallest montily surface
heat loss coefficient occurs in January and June, while the largest
September with a mean annual value of l&é aru/t:z/day/r.

Based on the parame:ers provided in Tables 3.4-1 and 3.4-2, it
is possible to select the most realistic plume conditions from the
the most representative
far-*%:)d surface plume size is, therefore, expected to be between that
The 1.5 F isotherm would be found

However, the position

of the pluiw could be expected as shown in Figure 3.4-8, with about the
This may be seen in Table 2.2~1 of Section
further eastward the plume extends, the more it becsumes caught in the

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



Based on the information provided in Tables J3.4-1 and 3.4-2,
Figures 1.4-10 and 3.4-1l1 are nct representative of the far-field thermal
plume and are provided only %o demonstrate the sensitivity of the far-

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

3.8 8I0FOULING CONTROL

.81 Circulating Jater System and Service Water System

The intake portions of the circulatiig water and serice water .
systems from the ccean inlels to the condensers are subjiect to the
settlament and growth of marine fouling crganisms. These organisms must
not be allowed to accumulate in the cooling-water system. Growth of
attached marine organisms progressively impedes flow, eventually reaciing
4 po.nt where adequats cooling water coculd not be obtained by the pumping
system. To maintain the cocling system in an operational cendision, it
18 absolutely necassary to affectively control biofouling. The discharge
sections of the circulating water system, downstream of the condensers,
are not subject %o marine biofouling because the normal dischar - tempera-
ture is high encugh to preclude settlement and growth of fouling . ~anisms.

For the purpose of biofouling control, the cirou. .cing and

service water system can ne considered in four sections:

a. The intaka portion from offshore ccean intakes %o the
pumphouse, ;

B The circulating water pumphouse o condensers,
& The condensers, and

d. The service water system.




3.5.2 Intak

In the intake saction from the offshore ocean inlets to the

intake transition structure adjacent to the pumpnhouse Dpiofouling

contre’. 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 valviag arrangement. T¢ assure fouling protectieon
during the period between iritial tunnel flooding and plant operation,
the tunnel lining may be initially painted with artifouling paint.

The backflushing mode of operation is used to add heatad water
to the intake tunrel and thermally shock ary arganism, primarily
mussels, which might have settled and been growing in the tunnal.
Without this mode of operation, organisms could multiply ard grow o an
extent that they would constrict the intake and saverely affect plant
operation.

Backflushing of the system for bicfouling sontrol us ascomplished
by redirecting circulating water flow within the plunt. In order for
heat treatment to be effective, a temper .ture of 120 F must be reached
and maintained for a period of approximstely 2 hrs. 1In order to achieve
the increase in discharge temperature, :he station flow rate must bu
reduced by appreximately one half, gen/ rally requiring a power lavel
reduction as well., Since the flow is reduced by one hal®, the travel
time of reheated water through the turnel is about twice normal or
approximately 22 min., Thus, a minimum of 1.5 hrs is required before
approximately 120 F water reaches all pr ts of the intake tunnel, and an
additional 1.5 hrs (minimum) is required to bri-g the system back %o
normal temperature and re-reverse flow after the heat treatment period.

The total time for the entire backflush cycle is approximately & hrs,



In the develcpment of cthermal backflushing procedures, two
fundamental design criteria were considered: effective time-temperature
regimes for biofouling control, and limitiug the backflush plume thermal
effect on the Inner and OQuter Sunk Rocks 80 as - -0t exceed naturally
ocsurring ambient tamperature fluctuations.

With respect to the first desigm criteria, it has been deter-
nined from expurience at other power plants on the New England cocast and
applicably information from the literature that %0 achieve effective
bicfouling control, it is necessary to maintain a temperature of 120 F
continucusly for a period of no less thar 2 hrs at a frequency of once
every 2 weeks Juring 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 operaticnal viewpcint, the total ..me in the backflush mode will be ‘
approximately € nrs but the 120 F temperature will onl. be maintained
for approximately 2 hrs.

A serias of hydrothermal rodel tests have been conducted at
ARL to determine the characteristics of the backflushirg plume. The
model used for these tests was a densimetric Froude model with a uniform
scaie of 1 to 1135, Scale models of the actual inlet structures were
tested in this model at scale flows corresponding tc the actual time,

temperature, and flow relationships which cccur during backflushing.

For these tests, various current patterns which have been
observed by NAI %o occur in the vicinity of the proposed intake sites
were simulated. 1In addition, the effect of tide level was also simulated.
For the purpcse of evaluating possible "worst case" condisicns, the phasing
of the backflush thermal discharge from =he intakes with the selecsed
sisulated ambient currents was chosen o ensure =hat the plume is discharged

under the mest likely situations =o cause advection of =4

plume onte .
the Inner 4nd Juter Sunk 2ocks.
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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 Zesign criteria,
in that each case produces a temperature of 120 F at any given point
inside the intake tunnel for a continuous perivd of 2 hrs.

Thersal plume results as shown in Appendix A indicate that the
thermal impacr on the Outer Sunk Rocks averages less than 1 F during the
dackflush cycle for the three types of representative current conditions
tested. The maximum temperature increase on the Outer Sunk Rocks is
about 3 F and lasts for periods of about 1 hr during only one -7 the
ambient current conditions tested. Thermal impact on the Inner Sunk
Rocks is expected to be sven less.

Having thus determined the thermal backflush plume character.stics,
it is necessary %o consider these results in the perspective of ambient
tempe.ature fluctuations in the vicinity of the Inner and Outer Sunk
Rocks. A deta..ed description of such fluctuations is presented in
Section 2.2.4.1.

Based upon the ambient temperature fluctuations obsarved as
compared to the results of the backflush model tests, it can be see:
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 prcsonte& in Section 2.2.4.1 and
Appandix A, it can be seen that maximum temperatures at the Rocks during
the summer generally occurs during ebb tide or at low-water slack. During
this period, the thermal plume as a result of backfluan 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 alseo

carried onto the Rocks, the temperature increase assocliated with Seabrook






3.5.% ndet ser

The sodium hypochlorite injected .nto the couling water alao
prevents the accumulation of slime~forming organisms in the condenser
tubas, Wheteas, the control of marine growth in the pipes and tunnels
is regquired essentially only during the warmer months, the contiol of
slime is required all year round, Therelove, the chloriie dosage des~
gribed above is L(njected throuchout the year. I. slime were allowed o
grow in the condenser, the heat transfer efficliensy could be reduced to
unacceptable levels and plant output would be significantly reduced.

3.5.6 ryice Water

Bicfouliny may have to Le ountrolled in the service water sys-
tem by continueous luw-level chlorvination, To sccomplish this, sodium
hypochlorite would be continuously intected in the service water pumphouse.
No other completely effective bisfouling control measur: is presently
available for this s,stem; it i{s imposribie to dewater and paint the
Jnaide surfaces of the service water piping because \t is relatively
small in diameter and inaccessible, Intermittent chiurination at the
lavels proposed for the main circulating wate. flow is unlikely to be
effective if not augmented by periodic application of anti-fouling paint.
Heat traatment at temperatures anticipated for the main circulating water
sys“em; as previously described (Section 3.5.2), cannot be tolerated in
the sarvice water system due to temperature limitations within the systam
and anything short of the time-temperature regime proposed for the circu=
lating watar systam would not be an effective biofouling centroel. Contine
wous low~level chlorination, however, is known to be affective for bio-
fouling control and consequently may be proposed at some future date for
the service water systen. Considering that the same factors of prolonged
exposure %o elevated temperatures Lpply within the service water system
and that the flow of the service water aystam is less than 6% of the total
gooling water flow, equivalent frye residual chlorine levels wauld be
unneasurable with presently available on«site monitoring methodology after
the service water streanm is added %t the main condenser discharge.






P S T M ——_

P — -

e i e e e e e P ——

4.0 REPRESENTATIVE IMPORTANT SPECIES (RIS)

4. CRITERIA FOR SELECTION

Selection of representative important species (RIS) was
accomplished in accordance with guidelines set forth in the manual:
3i6(a, Technical Guidance == Thermal Discharges (DRAFT), September 10,
1974, The following biotic categories were recognized in this guidance
manual:

1) Macroinverteorates

2) Finfish

3 Thermally sensitive species

4) EBconomically important species

$) Communit dominants (e.¢. high biomass,
high numerical abundance, habitat formers)

6) Nuisance specles

This document alsc called attention to the need to consider the trophic
status (i.e. role in the transfer cf energy and nutrients) of the organ=
ism.

The final list, containing a total of 16 species (Table 4.1~
1), was adopted by Regicn I EPA. The emphasis appears to have been
placed on crganisms which ave recognizable to the public; most have
direct economic significance. Seven of the 16 species are finfish, all
of which are commercial and/or sport species. Of the six invertebrate
animals selected, five have at least potential direct economic impor=
tance, with four of the selectees being ralatively larger Lodled bivalve
molluscs, Three of the chosen species are primary producers (phetos
synthetic), one of which has direct economic potential, (Chondrus cris-
pus) and ancther posing a direct economic threat (Convaulax tamarensis).






Lists of threatened and endangered species (e.9., U.s.‘oo;:,
of Interior, Fish and Wildlife Service 197%; Boullengier, 1974) were
consulted to evaluate whether there were any threatened or endangered
species which should be included as representative imporiant species.
Since there wers rno species mentioned on these lists that have been
collected in the study area, it was concluded that more of these species
should be inc.uded amcng the representative important species.

Cisgussions of individual RIS do, however, identify thos?
species which may be considered thermally “sensitive", in the sense that
they are likely to exhibit & negative response to heat., Brief mention
is also made of predator-prey relationships and the extent to which some
of the more unfamiliar organisms have been cbjects of previous scien-
tific study.

Although discussions of non-RIE members of the marine commun~
ities described in Section 2,) is rather scant in the following sec~
tions, they have not been neglected or overlooked, Various ongeing
precperational programs (See Section 6.0) investigate the diversity,
abundance, and distribution of a wide range of organisms, of which the
discussions in Secticn 2.3 are representative.

6.2 SELECTED SPECIES

4.2.1 i &% gpte

Skeletonema is a diatom of potential food value to herbivorous
gocplankters, and is commonly represented in phytoplankton collections
from coastal New Hampshire. 1Its biology has been well studied in areas
south of Cape Cod (#.9. in long lsland Scund and Narragansett Bay where
it 1s characteristically the dominant species of late winter and spring
phytoplankton blooms) .

4.2«3



4.2.2 Red Tide Alga, Compaulge tamarensid

This dincoflagellate has recently Decome a nulssnce oij.* "¢ of

mAJOr economus luport*ase in ncrthern New Cng.and hestr 4 4t produces an
andotoxin which secamulatey in clams and mussels nd causes paralytic
shellfish poisoning (PSP) when these molluscs Are Lhgected. Ceveral
studies oa environment’ rey. cements for growth have vegun as a result
of the threat ¢ public nhsaitn

4.2.3 rign Moss ¢ A ETu

Irish moss is an important scurce of carrageenan (stabilizer
in food products and industrial uses) and therefore is of potential
sccnomic importance. At prasent, there is no commercial harvast of
Irish moss in New Hampshire coastal waters, although it is extrimely
umm: at mean low water and zan be regarded as a habitat former in .
this zone. Considerable knowledge of the biclogy of this plant is
available: of particular interest are parallel studies ongoing at
Pilgrim Ztation in Massachusetts,

$.2.4  (Copepod, Bigwremors herdmami

The copepod I. herdmani is a representative of the herbivorous
zooplankton and a potential food item for larger, carnivorous gooplanks=
ters and larval finfish. The species is commen in net and pump sampled
from coastal New Hampsnire. The biology of this species is reasonably
well known, and indicatos relative sensitivity %o temperature extremes.

The ccean cuahog; or mahegany clam, has formed the basis of a .

sarmiisias fishary only since the late 1940's. Currvently, this clam is



narvested only scuth of Cape Cod where it lives in very deep water (46

feet Or more) . Substantial, but commercisily unimportant, patches are
scattered in tre vicinity of the proposed intake and discharge sites.
Many aspects of the biclogy of this species have not been fully inves-
sigaced, although it is well known that the animal is extremely intole
erant of warm water.

4.2.6  Ragzor Clam, Pnsie directus

The jack-knife or razor clam is valued as a seafood delicacy.
but supports only & mincr commercial fishery.  No razor ¢lams are
harvested commercially in New Hampshire waters. Quantitative sampling
t2 obtain estimates of abundance and distribution are cestly. Thermal
requirement and other aspecis of the environmental biolegy of unis
species is poorly known. This species was added to the list upon the
advice of the EFA region 1 staff.

4.2.7  Soft-shelled Clam, My gremaria

From the outset, the scft-shelled clam has been a principal
subject of study in connection with Seabroock Station, HRampton Seabrook
Estuary is the site of much of the recreational clam digging activity in
tiie state of New Hampshire. In recent years, however, these soft-
shelled clam stocks have been severely depleted, Neighbering states of
Massachusetts and Maine have well established commercial fisheries for

Als 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
adiacent states' territorial waters,




The blue, or edible, mussel may be regarded with ampivalence:
on the one hand, it 18 A species of great potential as a shell fishery
(Mytiliculture has been practiced for centuries in furcpe); on the other
hand, it is als~ - principal fouling organism, ocutranking the darnacles,
Balanus spp., north of Cape Cod. The characteristic “mussel bars” or
banks constitute a major habitat feature of many sheltered coves and
embayments, including Hampton Harbor. These “mussel bars” at times
iimit the habita® of the soft-shelled clam by encroaching on stherwise
favorable habitat. WNytilus edulls is one of the most «xtensively studied
of any marine organism.

4.2.% rican Lobster, ¥ ) Y MU

The American lobster is familiar, if only as a cocked seafood
item., The species is distributed over much of the sontinental shelf,
although the traditional New Eagland fishery is almost entirely restrice
ted to nearshore areas. Despite widespread intensive fishing juvenile
lobsters, less than legal sizu, are fairly common in the immediate
vicinity of the proposed cocling-water intake and discharge sites for
Seabrock Station, Basically, the species occupies a top carnivere and
scavenger position and is epidenthic (dwelling on top of the sea bottam) .

4.2.10  Alewife, dlosa »seudoharencus

The alewife is a clupeocid (i.e. herring~l.ke) 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 dischargye site for Seabrock station. Adults are comnmercially
important, with uses ranging from pet food and fish meal, %o the more
traditional salting or curing. The species is alsc used by fizhermen as
Bait for gamefish. Alewives feed chiefly on zocplankton; the frv, in
turn are eaten oy predacecus fish, such as the striped bass, and pernaps

the coho saimon (Scarsla, 1873)







4.2.74 Pollack, Pollachiug virens

e
——

Pollack are gadoid (i.e. cod~like) fish which are commercially
important and very abundant. In fresh, frozen or canned seafood pro-
ducts, pollock substitute for cod as well as an even scarser close
relative, the haddock. Ia the vicinity of the proposed cooling-water
intake and discharge area, young pollock are ameng the most common
nidwater fish, Pollock are voracious carnivores, feeding larsely on
smaller finfish and pelagic crustaceans.

4,2.18 Flounder, Pseudopieuronectes amerioavus

The winter, or blactiback, flounder is a nearshore bottom=
dwelling flatfish of both commercial and recreaticnal imporsance. It is
one of the meost abundant species in the vicinity of the intake and
discharge sites, and is the mainstay of the local recreatiocnal 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 orgaanisms. The ecology and population biology of this
species, has been the subiect of .everal scientific studies.

4.2.16 Mackerel, Soomber scombrus

The Atlantic mackesel is both a commercial and a sport species,
popular as a seafood delicacy. The commercial fishery has historically
Seen subject to great fluctuations. Prey <f the mackerel are almost ex~
clusively pelagic, and include both planktonic and nekstoniy organisms.
The thermal requirements of this species are relatively well known and
indicate a2 ¢nld water preferrence.




§.0 IMPACT ANALYSIS

wn
il

BACKGROUND ~ND MISTORICAL INFORMATION

L Introduction

Material for the following discussions 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. Quantitative information pertinent
to thermal requirements of specific representative important species was
compiled in graphical displays (See explanatory Figure 5.1-1). Aleng
with thermal characteristics data these graphical displays depict: 1)
daily maximum surface water temperatures from three years of records
{November 1973 through October 197€) 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 (i individuals
per 100 ml) was given for the month of peak abundance.

§.1.2 Skeletonema costatum

Skeletonema is » centric, chain=forming diatom. Like other
phytoplankters, it experiences extensive seascnal population fluctua-
ticns (e.g. “"blooms") and exhibits the “"patchy" spatial distribution
characteristic of plankton in general. Skeletonema has a relatively
broad temperature tolerance (Figure 5.1-2) and is found throughout the
Nerth Atlantic, with an affini%y 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 197) (Table 5.1-1). Since 1973, absolute peak
densities appear to have diminished and the seasonal peak split between
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Figure 5.1-2. Diatom, Skeletomema scetatum, relative temporal abundance

and thermal characteristics
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temperature, (Fiy.re 5.1+6) are unfavorable: these cysts then lie
dormant until favorable conditions (lignt, tempersture; nutrients

reacour.

$.1.4 Chondrug oriepue

Irish moss is & perennial red alge distributed from New Jersey
to labrador (Figure 5.1+7), with densest populations oecurring in the
Gulf of Maine, It is considered a esurythermal species, tolerant of a
wide range of temperatures (Figure 5.1-8). Chondrus guows best on
stable ‘wrigzental surfaces, such as ledje and boulders, with its primary
abundance from mean low water %o -33 ft: in this zone it is a dominant
species. Because of cubstrate availability, dense populations extend to
¢ 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
aversged slightly more than 400 qna/mz, dry weight (range: 248-%62 gme/
nz) at mean low water and 16 ft in quarterly samples from xavs-*sQ
Biomass tends to reach a maximum in late summer, and a minimum in winter
(due to ercsion 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. Interacticn 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
and survival (Figure §.1+8).
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Figure 5.1-7.

Distribution of Irish Moss, Chondrue oriepus
in the Western Atlantic Ocean.
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Primary Reproductive Parigds (NAL, 1978; Matnieson and Surns, 1971

$

Figure 5.1.8.
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(Chomdrug orispus) relative temporal abundance
characteristics.

Irish moss
and thermal




fury temorg herdmani

This calancid copepod, is cold temperate in disiribution
(Figuve 5.1+9), with a strong affinity for coastal waters, especially
harbors and embayments. Very few individuals have Leen found more than
10«12 miles seaward from the New Hampsh.re coast (NAI, 1974d), For the
past threu years collections in the vicinity of the intake and discharge
sites have shown that the species may be present at ailmost anytime of
the year, with maximum populaticon densities usually occurring in the
swmer months (Takls £.1<2). Most of the over wintering I, herdmani are
immature forms. Furytemora 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 successs
ful reproduction (Katona, 1970). Other thermal response 4ata are given
in Pigure 5.1-10.

181

The ocean quahog (Figure 5.1-11) is the sole surviving member
of an entire mollusec family (Arcticidae) the other members of which
became extinct with the last ice age. 1In addition to its commercial
Size, its extremely short siphons restrict it to the top few centimeters
of sediment, 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 species off its own shores.

Adult densities of 1 or 2 individuals per nz 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, 1975). Data on juvenile
A. islandica, collected during benthic surveys in the vicinity of intake
and discharge sites over the past five years, are presented in Table
$.1<1.
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Oistribution of the copepod, Fiwrysemerz herdmant

in the Western Atlantic Ocean.
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. TABLE §.1-2. TEMPORAL DISTRIBUTION OF Fuer™rvaild KERDMANT (!NDvaDUALSxm3,*.

ADULTS
Tae T or ] vy [ 0w o Tor T s o
Jan | Fab | Mar | Apr | May | Jum ;Lvui | Avg | Sept | Det Ncw‘ oec |
| F
1976 0| 0.4 ] 2.8 0.2 9.4 | 302
1978 0| 9.8 | 1.4 o 48| W | 7.3 1.8 * | 1.0 0.2 0.1 |
1974 0 0 0 0 § |1040 0 0 0 ¢ o| 2 f
1973 D | W 1| w0 (1270 | se0 | 8s0 | 280 0 0 o] o
1972 | W | w | W 4| 48 | wp | @872 | S07 | w 4| w| o
JUVENILES (COPEPODITES & NAUPLII)
"
1976 | 3.8 | 3.3 0| 3.8| 2.6 | 1008
1976 | v (N | N0 | w0 | N0 | 1O s | 83| 28 | ¢ ¢ | 12
. 1974 | 2.8 0 0 0 o'l |Np [ wp | M ND | MD ) WD
1973 | ¢ | N0 | N | Np | 600 | 2870/ 3%0 | 90 6 |o 30 {100

ND = No Data
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Maximum temperature for adult 5. fval (Gonzalez, 1973)
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Maximum temperature for reproduct. and development
Aberrant swimming behavior observed

Figure §.1-10. Copepod, Zivwuemora ngmdmani, relative temporal abundance

and thermal characteristics.
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Figure 5.1-11. Distribution of Mahogany qQuahog, Aratiss ielandioa
in the Western Atlantic Ocean.
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TABLE §.1.3, TEMPORAL DISTRIBUTION OF JUVENILE 480nrsi IStayors
INDIVIDUALS/ME) IN THE VICINITY OF HAMPTON B3EACH, N

. sy | aon | aue | aug | ses | oes j |
UAN Fzs MAR APR | “AY | .'LN ! u\“. | ALG | JEp ‘ 4C P‘OV DEC |

! | T | | T {
1976 | %4.4| W NC i 9.0 | NC | NC NC NG | N ‘ NG NC | NC |
978 | M | N¢ | Nc | wC |196.8| Mo | 10.2| N¢ | wc | $.8 | wc | me |

| | |
1974 | N | Me | N | NC | MC | NC | 2.0] N¢ | N¢ | wc | we | me '
a | |
1973 | 8¢ | w¢ | wne nc!:«: NC | Ne | Ne | N¢ 0 me | Ne | we |
, |
1972 | we | we | we | we | e Nc)s.sm:l*ncguc ne | we |
L : 4 -

NC = No Cellections made
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Spawning apparently cormences in late June-early July in both

Rhode Island and New Hampshire waters (lLoosancff, 1953; NAI, 1977) and
continues into QOcuober. With a length of larval life of about 60 days
(landers, 197€) this would place the period when larvae sppear in the
water column at between late August to December. As recogrition chare
acters have yet to be established for & lslandica larvae, the occur~
rence of the larvae in relatively low numbers in plankion coixoctions
trom thir pericd can only be tentatively acknowledged.

-4ta on thermal regquirements for this species is scant.
Unpy.. .shed observations (Savage ‘Jniversity of Rhode Island) show that
the animal is surprisingly active ¢t temperatures below 32°F. On the
other hand, adults of this species barely tolerute seawater at room

temperat'ire (Figure 5.1-12).

5.1.7 Eﬁ!il ireotus

The jach-knife, or razor, clam is well known for its burrowing
ability vhich contributes to its resistance to being removed from its
substrate. The typical habitat for this species is sandy embankments
near mean Jow water. Some samples from the vicinity of the proposed
inta%e and discharge sites have been found to contain juveniles, particularly
in summer, with densities in the range of three o four individuals per
mz. The presence of adults in the area has also been established by NAI
diver observations. I: subtidal NH waters adult densities were determined
ac 2 to 6 individuals per mz (Spurr and Seamans, 1975). However, because
of the propensity to resist capture, even by a venturi suction dredge,
these values probably underestimate the true population density «isting

under f2 orable substrate conditions.

Investigations of thermal response have not been conducted,
although the experimental temperatures under which Castagna and Chanley
(1973) carried out their burrowing experiments, may approximate an
optimum (see Figure 5.1-13). Considering the similar geographic distri-
bution (Figure 5.1-14), thermal tolerance of the razor c¢lam probably

differs little from that of the soft-shell clam, #ya arenaria.
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Figure 5.1-13.

Jack-knife clam, Ineis directus, relative tamporal abundance
and thermal characteristics.







The planktonic larvae are strikingly distinct from othev

~ivalve species (Sullivan, 1948); relatively large numberg occur parti-
cularly in September~October plankton samples and are another indication
that substantial numbers of adult razor clams exist in the local area.
The small amount of numerical data availabl: for F. directus larvae

suggests that population densities are about of che sane order of macnitude
as for Mya arenaria larvae (see 5.1.8, below).

§.1.8 Mya arenartig

The soft~shelled clam (Figure 5.1-15) is a prominent inhabitant
of sundy 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
popul: cion to have greatly diminished (Table 5.1-4). Replenishment of
the depleted stocks depends primarily on recruitment of larvae spawned
in adjacent clam propogaticn areas (i.e. estuaries o northern Massa-
chusetts and southern Maine)., The larvae are washad out ¢/ 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 5.1-3) the term "neritic band" has been used to 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 intc 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 that spat 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 scle determinant of spatfall

success.
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TABLE §.1-4., ABUNDANCE OF ¥, AREZNARIA ADULTS (> 25 mm) .
IN HAMPTON-SEABROOK ESTUARY, NOVEMBER SURVEYS .,

Mean Popylation Denisty standing
(ft ¢) (Bushe’ - .
10.4 84 *. ¢
8.4 58 =.3
i.8 41 =1
é.1 $6
1.0 34z 4
0.3 12213

TABLE 5.7-3  1ABUNDANCE OF M. ARIWARIA LARVAE (140-320um)
IN NEW HAMPSHIRE COASTAL WATERS.

Season of Sustained Abundance Me;n ?evsitv
16 = July = § Sept.; 51 days é"
16 = Aug. =14 QO2:.: $9 4days $32
27 = Jul. =27 Sept.: &2 days 244

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

"
-

Mean Population Density (ft.€)

92
130
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Minimal Zpawning Temperature (Engle and Loosannff, 1944)

Optima| Temperature Range for Larvae Survival and Growth (Lough, 974)
Temperature Range for Larvae Survival (Brenko and Calabrese, 1960
Erratic Survival of Larvae Observed

Tempe=ature at wnich 100% Mortality of Larvae Qbserved
Temperature Range for Settlement of Pediveliger Larvae (Engle and Locsanoff, 1544)
Intolerance of Juvenile Mussels Found (Gonzalez, 1573)

Temperature Limit for Southern Boundary (Mutchins, 1947)

Temperature Limit for Natura® Range (Read and Cumming, 1967)

Average Letha! Point for Mytilus: 108.4°F (Henderson, 1528)

24-nr Median Temperature Tolerance

Adults Susceptible to Predation (Pearce, 1969)
Temperature where Mortality of Adults Reported (Gonzale:z,
Temperature for Cessation of feeding

water Filtration Capacity Affected [Widdows, 1973)

Rapi¢ #ise in Temperatyre Reported t0 Induce Spawning (Wilson and Seed, 1374)
Upper _ocipient Lethal Temperature (Wallis, 187%)

1973)

WATER TEMPERATURE °C

tested for 16«17 days

o

Figure 5.1-18.

Blue Mucsel, Myrilus edulis, relative temporal abundance
and thermal characteristics.
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Figure 5.1-19. Distribution of lobster, Homarue amertsonus
in the Western Atlantic Ocean.
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30 Hour Tolerance Limit After Acclimation to 59° (Altman and Dittmer, 1966
giting work by Granam, 1958) Fw

Acute Letha! Temperature Range, Adults Acclimated to 62.6% (Stanley, 1973) FW
Adble to Withstand Brief Exposure for.Feedint (Dorfman and westman, 1%70) FW
Upper Letha! Temperature for Adults (Muntsman, 1746)

Upper Letha! Temperature Range for Adults (Trembley, 1960) Fw

Temperature Above Which Upstream Migration Ceases (({ooper, 19€1)

¥ = Study performed on fresh water acclimated subjects

Figure 5.1-22. Alewife, Alosa peewdoharengus, relative temporal abundance

and thermal characteristics.
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TABLE §.1-11. TEMPORAL DISTRIBUTION OF MENKADEN, BREVOORTIA TYRANNUS,
IN NEW HAMPSHIRE COASTAL WATERS.
EGG AND LARVAL DENSITY (#/m°)
Jan Feb | Mar |Apr |May|Jun | Jul | Aug |Sep Oct Nov Dec
1876 eggs ND 0 0 0 9] )
larvae | ND 0 0 0 Q 0
1975 eggs 0 0 0 0 0| .ND 0 0 0 0.002 0 0
larvae! 0 0 ) 0 0| ND |0.099 0 0 0 0 0
1974 eggs 0 0 0 0 M| 1.9 0 0 0 ¢ 0 0
larvae| O ] 0 0 ND 10.008]2.17 0 |0.185| 0.008 0 0
1973 egys ND ND ND ND 0 0 0 0 ) 0 0 0
larvae o ND ND ND 0 0 [|0.20 '0.03 [0.01 008 0 0
ADULT DENSITY
(NUMBER PER 1000 SQUARE FEET OF GILL NET/DAY)
T
1978 0 0 | 0.02] 0.02|0.08 0.12| 0.02] 0.02{0.02 | 0.03 |0.02 0
1978 0 0 0 0 o N 0 0 0 1.13 | 0.02 0
1974 ) 0 o} | 0.17| 0.28] 0.87] © 0 |0.02 )
1973 ND ND ND 0 s) 0| 6.98| 0.05|0.08 0 |0.10 )
1872 ND ND ND ND ND | 0.56] wND ] ) 0 ND ND
L

ND = no data
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New Hampshire i{s very near the extreme northward limit of the .
reproductive runge of this species (Bigelow and Schroeder, 19%3); thus
enly occasioral loca. spawning activity ia suggested by the data pre~
sentcd in Table §.1-.1. Particulars concerning menhaden thermal toler-

ance are presented in Figure 3.1-24.

5.1.13 meorhunonus kisutehn

The ccho-salmon is an introduced west ccast marine fish (Figure
9.1-25) that spawns in fresh water. The young spend about cne year in
fresh water before descending %o the sea (Scarsla, 1373;. Sexually
mature individuals return after spending twe years at sea (sometimes
after only one year for "precocicus" males). In New Hampshire tha pear
of the spawning run usually occurs in October (Scarsla, 1973). <Cohe
salmon have not been captured in the wicinity of the proposed intake and
discharge sites; however, in November 1376, four juveniles (length:
approximately 12 inches) were taken in Hampton-Seabrook estuary with a
beach seine. Iaformation on thermal’ requirements for this species is ‘

sumarized in Figure 5.1-26.

5.1.14  QOgmerus mordaz

In marine waters (Figure 5.1-27) the rainbow smelt rarely
strays more than a mile or two from shore. With the coming of colder
temperatures in the fall, these fish gather in harbors and embayments in o
Preparation for the spring spawn/ag run =0 gravel bottomed fresh water
streams. Data presented in Table 5.1-12 are consistent wizh thisg behavior
in that catchas are Jdamonstrably higher during colder months. Eggs are
adhesive and are, therefcre, not encountered in marine waters; &th
larvae are only nominally encountered (Table 5.1-12).

ey

Smelt prefer colder water (43-4€°F; see alsc Tigure 5.1-2

whigh partially explains why the caevsh in the vicinity of the proposed .

in%ake and discharge sites come mainly from near-bhottom waters.
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(Lewis and Wettler, 1968)

Maximum Summer Syrvival and Development of Larvae

24 hr Median Temperature Tolerance, Adults (Battelle Columbus, 1872

Avoidance Temperature, Juveniles Acclimated to 72°(Meldrim and Gift, 1971)
Preferred Temperature
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Preferred Temperature Range (Refnties, 1969.Citing Work Done by Goode, !879)
Temperature Range at Whign Larvae are Most Abundant (Kendal) and Reintjes, 197%)
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Figure 5.1-24,

A*Tan:ic menhaden, Brevoortia tyramus, relative temporal abundance

and thermal characteristics.
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" TABLE 5.1-12. TEMPORAL DISTRIBUTION OF RAINBOW SMELT, OSMERUS MORDAY
IN NEW HAMPSHIRE COASTAL WATERS.
|
LARVAL DENSITY (#/m™)
Jan | Feb | Mar | Apr | M™May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
‘ 1976 Larvae 0 ¢ 0 o |o.00| © ND ND ND ND ND ND
‘ 1975 Larvae 0 0 0 o |0.028] 0 0 0 0 0 0
1974 Larvae 0 0 o | 0.04 ND 0 0 0 0 0 0 0
1973 Larvae 0 ND | ND ND | 0.06 [0.02 0 P 0 0 0 0
R 3
ADULT DENSITY
(#/10 MIN TOW)
’76 19.8 122.9 [48.6] 9.4 o lo.10! o 0 0 0 0 |1.17
1975 29.1 | 5.6 [22.0] e.8 0 D 1.7 0 0 0 0.1 0
-'1974 5.0 | 3.2 | 6.4/21.4) 0.9 | © 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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Figure 5.1-23. Rainbow smelt, Csmerus mordaz, relative temporal abundance
and thermal characteristics.
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in iohthyeplanktor collections, Distributicn of the larvae and adults
in the vicinity of the proposed intake and discharge sites is shown in
"‘»l. ’0 l.l‘n

$0.07  goomber soombrus

The Atlantic mackerel is a pelagic fish of the cpen wea, and
one of the most active and migratory species (Figure $.1-33). 1In winter,
mackerel move into the moderately deep water of the outer continental
shelf; in spring, there is a general inshore and northeastward migration
(Leim and Scott, 1966), Spawning ocours in late spring to early suumer,
with the area [rom the Chesapeake Capes to Massachusetts Bay constituting
the most important spawning area (Sette, 194)); other important spawning
areas are well to the north of Nova Scotia (Sparks, 1929). 1In New
Hampshire waters, both adulcs and early life stages (i.e. eggs and
larvae) have been taken during the reported spawning periocd (Table 5.1+
15). Somewha* smaller numbers of adults have alsc been collected at the
time of fall withdrawal to winter quarters.

According to Bigelow and Schroeder (1953), mackerel "...shed
their egys wherever their wandering habits have chanced to lead them
when the sexual products ripen." Alsc, ".,.mackerel vary so widely in
arundance over periods of years that the precise localitiss of greatest
egg production may be expected to vary from yaar to year depending on
the local concentraticns of fish". The wide year-to-year variations in
egy abundance shown in Table 5.1~15 are consistent with these statements
of Bigelow and Schroeder (1985)).

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 mac el eggs and larvae (NAI, 1974d) that spawning is more
intense further offshore (i.e. twoc to three miles from the proposed
cooling water intake and discharge sites),



TABLE 5.1+14, TEMPORAL DISTRIBUTION OF WINTER FLOUNIER, 232UDC-
PLEVRONECTES ANERICAUVS, IN NEW HAMPSKIRE COASTAL

WATERS.
LARVAL DENSITY (#/m°)
! 1
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sept|Oct | Nov | Dec
1976 | {
larvam ND 0 |0.008 (0,088 |0.120(0.009 | | |
’ 1
1978 ! |
larvae| 0 | 0| o 0 |0.012| ™ [0.002| © 0| 0 o | o |
|
1974 ' ‘ |
larvas | © 0 [0.03 [0.02 | wD ol 0 | o 0| 0 o 19 ]
|
1973 ]
larvae | 0 D | ND | WD |0.46 [0.61 [0.02 [ 0 | o | © o | o J
1 |
AQULT DENSITY
(#7710 MIN TOW)
.
1976 0.80( 1.33 1.8 0.67| 1.67 &.20| 2.00| 4.80!| 6.42] 3.28 z.ozi 2.92
1978 ¢ | 4.83 o | 1.57 o ND | 1.91) 0.58| 2.78! 1.58] 1.50| 0.87
1974 1.80| 1.90| 0.28| 1.80| 1.30| 1.33) o.%0| 2.83! o | 3.00 o.sol 0.67
1872 W»| ND| ND| ND | 0.40| 2.30| 4.08| 2.80) 4.25] 3.30| 0.95| 0,850
L L 1

ND = no daca
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species will probably be destroyed. It is unlikely that Arctice islande-
ica, Ensis directus, or any other infaunal species located in the imme~
diate construction area will survive excavatiocy,; and construction ¢f the
intake area will alsc permanently destroy a small area of habitat for
these species. Finfish species such as winter flounder, cbviously, will
be displaced and terporarily excluded from the immediate area of con-
struction. Similar destruction of habitat will occur during construce
tion of the discharge, and attached organisms in the approximately one«
third acre area will be destroyed. Motile forms such as lobsters,
crabs, and finfish will be displaced and temporarily excluded.

It is also conceivabie that ar increase in suspended materials
derived from sediments disturbed during construction at either location
may affect benthic communities beycond the immediate construction aiea.
However, the nearshore zone is already subject to marked fluctuations
(see Section 2.2.8) in :urbidity due to storm activity and organisms
living in the area are well adapted to such perturbations.

It is extremely important to realize that all specie: found in
the construction areas are widely distriduted throughout coastal waturs
in the Gulf of Maine and in most cases over a much wider area (NAI,
197%a, b; 1977). The total area disturbed by construction (less than
one-half acre) is so small compared with general distributions of potentizlly
affected species that the effects of this temporary disturbance for
local marine pcpulations will be negligible.

5.3 IMPACTS DUE TO PLANT OPERATION

5.3.1 Plume Entrainment

Thermal plume entrainment, in contrast with plant passage
(pumped entrainment) discussed below, is essentially a hydraulic pheno=
mencn, invelving the drawing of water from a raceiving water bedy into a
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effect ziosely spprosch thoss whizh produce dire's responses in the i
Crganisms affected. Thus, & simple solution ca be found in being

slightly on the conservative side with regard to assigning heat sole
erance limits, as will be discussed further in fection 5.23.1.3.

The final item on the list is also mentioned by several
authors (deSylva, 1969 Kinne, 1970 Miller and Beck 197%) and pertains
to presunmed (heat induced) changes in local faunal assemblages, which
result in replacement of native prey (food) srganisms by less edibdle
species with greater tolerance of cooling-water system impacy. Imbedded
in this hypothesis is a chain of assumptions each of which demand proef.
Suffice it %o say here, however, that, with segard %o the Seabrook
Station cooling system design, any argument advancing such an idea would
be particularly veak because of tie measures which have bees taken,
namely: location of the intake La offshore waters and employment of a
multiport diffuser (see Section J.1) %o protect coastal faunal assembdlages
Against any dlsplacement on a broad scal:. It should de emphasized,
that in the literature search, it was found that the overwhelming majority .
of the investigations pertained to impacts associated with a ciosely
gonfined system, such as a lake, estuary, river or embayment; few studies
have dealt with such an unconfined system as is represented by the ares
proposed for discharging cooling water from Seabrock Station.

§.3.1.2 Sublethal Ef‘scts of Prolonged Plume Exposure

Ef ects of prolonged exposure treated here emphasize those
which develop as a result of strongly swimming orjanisms (finfish,
shrimp, squid, ets.) deliberately choosing to remain in the thermal
plume. The situation is analogous to a persen working in the sun on a
hot summer day. In fact, the first three effects listed in Table 5.)«2
are directly akin to symptoms of heat stroke and heat exhaustion thas
night strike the sumrer sun laborer, un.ess he see''s protection. Appar~
ent.y dotit fish and men are about equally likely (or unlikely) to seek
relief., At least one study (Spigarelli; 197%) showed that, although the .
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3«2, SUBLETHAL EFFECTS OF DELIBERATE PROLONGED EXPOSURE TO THERMAL

PLUME CONDITIONS. (FROM de SYLVA, 196¢ and KINNE, 1970).

increased metabolism (e.9.., respiration, heart beat, enzymatic
activity, feediny and other body functions)

Increased sensitivity to other physiolrgical stress (synergisms)

Neurclogical responses (dulling of reaction to stimuli, disorien~
tatien, ete.)

Shortening of duration of early life stages (e.¢. early metamor-
phosir)

Cut~of-phase reproduction and development

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

Decreased growth rate and body mass

Inactivation of thermally lavile enzymes anéd processes dependent
theredn (e.¢. those which control melanism ~- the lightening
and darkening of body nigments)

Increased incidence of disease/parasitism









TABLE 5.3-3. QUANTITATIVE ASSESSMENT OF RELATIVE INPACT DUE 10 DISCHARGE PLIBE ENTRAINMENT .

o
£
T3S S a = MAXTMUM NO. OF
v §g 3_‘ g‘é‘x = THOIVIOUAL EXPOSED  |MAX ivm
= Ee wiB =Y E: TO CRITICAL PORTIGN  |[EXPOSURE
“w |3 Z 52| S | enRAIRERT | OF THERMAL PLuMg TiME
@ |25 |ES|EEE VOL iR (SECONS )
- i | 28 | Ouwial [ RATE (Qe) [ACIE  Amal
“F | (0% /day) KM1i0 10KS/DAT) (B 111 TONS
SPECIES (v (2} (3) | ta) }is} {s) (7) {8) (9}
R . .
Copepod, Eurytemora herd- | Adults
mani Juveniles| 68 | Jun | S€ 12 io.48 5,100 2166 4.0
Mussel, Mytilus edulss Larvasa &9 Jun 56 13 9.32 31,280 3635, 3. &
Clam, Mya arenarid Larvae 79 Rirg 64 15 7,46 1,199 i3s3 2.6
Lolster , Jomi:as amer-
jCcanus Larvae He Ay o4 22 3.60 a.21 .99 1.5
Swelt, Osmeres mordax Larvae ©e May 49 15 7.46 0.45 .0i8 2.6
Flownder, Psendopleur-
anectes amcericanas Lar vae 78 Jun 56 22 1.&0 2.2 122 1.5
Menhaden, Brevoortia Eggs 75 Jun 56 19 1.9 9.3 . 290 1.8
ty1 annus fLarvar LB ) Jul ol 21 4.00 8.8 Hg l.e
]
Pollock, Poliachius bggs 59 How | 49 i6 13.51 .S .1 & O
virens Larvae 49 Jon | 40 E 15.53 1.7 .42 6.0
-
Mackerel, Scomber Eqgas 65 Jun | 56 9 15.53 561, 7.7 B0
Scrvmbyus Larvae “n Jul 62 [ 25.61% 397. 12.4 .o
s — ETREGLEEE ST U SRS TS IGSHSURSIRIES ST .
leq'.lvaleat to the production of zapplied only in years when local waters serve as im-
3422 average females (Bigelow and portant breeding grounds (see sectionm $5.1}; equi-
Schroeder, 19513) valent to the production of 39 thousand average

females (Bligelow and Schroeder, 19513}

99=0'§




proposed Seabrook Station cooling water discharge system based on
hemogensous conditions for a ver” low ambient current velocity; there-
fore the values represent conditions which tand ¢0 overestimate the
iimits of the thermal plume.

The influence of the thermal plume on intertidal corganioms,
particularly those attached to the Outer and Inner Sunk Rocks must alse
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 4t 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, ’oth
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 ntertidal impact of the thermal
plume will be detectables.

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 settlument of pediveliger larvae
of Mytilus edulls 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.

§.3.2 ntr n

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 scireens.
Any living organistm thus entrapped or impinged is susceptible to
injury and, ultimately, death unless escape is possidble. Since the
Seabrook Station cooling water system configuration with widely
separated intake and pump house locations generally precludes inzor~
poration of an effective escape mechanism, the task of mitigating ad-
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After fixing the location, the design was optimized., The
proposed intake gtructure design incorporates & velocity cap to allow
horizontal water entry. Experience with the velocity cap at other power
plants has shown that entrapment is sharply reduced as fish senss
horizontal currents better than vertical currents and thereby are better
able to avoid possible capture.

The velogity cap intake concept originated in California when
in 1957 southern California Edison Company sought means of minimizing
fish entrapment at their then propeosed Huntington Beach Steam Station.
This station is located on the coast 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 Segundc and Redonde
Beach plants were known to entrap relatively large quantities 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 vecters, but 4did
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 veloeity cap which could be placed over the existing standpipe intakes,

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

Based on the laboratory results, a velocity cap was designed
and installed at El Segundec Station. Compariscn of fish entrapment
figure= before and after installation revealed that the velocity cap re-
duced the numbers of fish entrapped up tc 908. As a result of this
proven effectiveness, similar caps were retrofitted at all Southern
California Edison Stations with ocean intakes and were incorporated into
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The design of the Seabrook intake structure incorporates all
of the entrapmente-mitigating feacures iliwninated by whe Califcorania lab-
oratory and operating plant experiences. The intake will incorperate a
gircular velocity cap located approximately just below mide-depth, This
depth was selected because studies to date (NAI, 1975h) have shown it to
be tre 1rea of the water column least-freguented by fishes; it will be
a.ve the area utilized by demersal forms and below that generally used
b'' the surface-criented, pelagic migratcry forms. Threshold velocities
at the outer margin of the cap orifices will be uniformly about one ft/
sec. As the following tarle (5.3«4) illustrates, this is well below
poth 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, 1859:
Brawn, 19%60: ®oyar, 19%6l)
Morcne saxatillis e ft/sec (Kerz, 1953; Tatham, 1970;
Bibko et al., 1972)
Pollachius virens 2 ft/s8c 6 ft/sec (Blaxter & Dickson, 195%9)
Brevocrtia tyrannus 2 ft/sec 4 ft/sec (field cbservations Mill-
stone Station)
8¢ - er scombrus 6 ft/sec 10 ft/sec (Blaxter & Dickson, 19%59)
Gadus morhua 2.5 ft/sec 7 fr/sec (Blaxter & Dickson, 1959;
Beamish, 1966)
Pseudopleuronectes
americanus 2 ft/sec 4 fu/sec (Beamish, 1966)

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






These regulatory agency findings substantiate previously established
conclusions that the Seabrock Station intake structure design represents
an environmentally acceptable device which will minimize the adverse
effects of impingement and entrapment on the indigencus nekten.

$.3.3 p Through the Cooling-Water System; Pumped Entrainment

Mortalities attridutable to mechanical and hydraulic stress ¢
organisms pumped through elactric generating ltltion cooling-water syst
nave been documented (Mclean, 1873; Bunting, 1974; Davies anéd Jensen, 1l
Combined with the heat stress (up te +3% F Lt) {t is reasciable to ausuiw
that few, if any, RIS individuals would survive passage. Thus, assessment
of losses due to pumped passage need only account for expected population
densities (m’) and the hydraulic loading (approximately 4.66 x 106 m’/dnyl),
ignoring the distinctions 4. JS thermal tolerances. Results of his approach

Are shown in Table 5.3+§,

5$.3.4 Backflushing

Estimations of 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 abc . (Secticn $.3.1.3). Critieal
entrainment volumes given in Table 5.3+6 were cbtailed from physical and
analytical models of the proposed Teabrook Station cooling-water system
as it is expected to cperate during backflushing (Figure §5.3-1). The
volumes listed in Table 5,3-€ were calculated with the assumption tha:t
the backflush cycle will discharge 120 F water f;- & hours when in reality
120 F water will be discharged for 2 hours to accomplish biofouling control
{see Section 3.5.2'. Although this assumptiocn simplifies the calculations,
it does result in an overestimation of volume entrained at 120 F and
thesefore of thermal impact of the backflush plumne. In other words, it is

a "worst case" estimate.
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estimated for the copepod, Furytemora herdmani (NAI, 1974e) and for the

larvae of finfish closely related to some of the represertative important
species considered here: Gadiod fish (Jones and Hall, 1373) and plaize
(Cushing and Harris, 1972). These natural mortalities occur not just in
the vicinity of the backflushing plume but over vast areas of the ocean.
In the case of the pollock, for example, backflushing plume erposure
would be equivalent to the natural daily cdeath rate in 1/10 square mile
of ocean, acrording o population simulation model results (Jones and
Hall, 1973).

5.4 TOTAL_IMPACT

A sumnary of the foregoing discussions is presentrd in Table
S5.4=1. Such numerical assessments as are sresentsd here are meant %2
provide some measure of the relative sensitivisy of the RIS %o thermal
effects, they are not intended as predictions. Due %2 the use of con-
servative assumptions throughout this exercise, these numbers undoubtedl: .

oversstimate the %rue impac:.

Consideration of entrapment impact applies only to larger bodied
RIS, the American lobster and the seven repiesentative finfish species.
Since the intake structure will stand 8 to 10 feet above the sea floor,
entrapmant of lobsters and other demersal forms, e.3., flounder is not
an important consideration. GEIxpected 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 Seabrock Station is
in operation, it has been pointed out (Secticn 5.3.2) that the intake
structure will incorporate certain design features expected o be very

effective in minimizing entrapment potential.

In the case of plant passage (pumped entrainment) projected
numerical impact is expected %2 be largely lethal. However, in the case

of thermal plume exposuire, negative impacsts, if thev o¢

0

ur, are expected

S¢ Be largely sublethal and/or indiress (for example, temporarily dimin-
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ished ability to feed or escape predaticn). Even 350, exposure to orite
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 likely
that the numbers grossly exaggerate incipient mortality due to sncounter

with either the normal discharge or backflushing plume.

Comments in the extreme right hand solumn of Table S5.4«1,
entitled: "Overall response expected", are based on speculations zoncern=-
ing these life phases or processes which would most likely represent the
RIS response. In the case of the phytoplankter, Skeletonema costatum,
inactivation of-algal calls passing through the plant. may be offset by
a stimulatory effect, and possibly a competitive advantage conveyad during
winter, from the dissipated hest of the therma. plume. Therefore the
"overall" response is assassed as neutral. A similar argument applies
to the red tide alga, CGonyau'ax tamarensis, except that the effect of
local upwaelling on this species is as yet unclear. Only spores of Irish
moss, Chondrus crispus, will pass through the cooling systam., Wher the

dissipated heat from the thermal plume comes in contact with the 7 .tached
p.ants, some unseasonable growth may be supported. Again, as in che case
of Skeletonema, any potential detrimental or beneficial effects are
sxpected to be effectively neutralized by other extrinsic factors (such
48 available light) whizh strongly control the growth and survival of
plant species.

Among the animal species the situaticon is even more complex.
Heat from the dissipated plume, however, is not expected to convev any
advantage to the species .Listed in Table 5.4-1. Holoplanktonic species,
represented by the copepod, furytemora herdmani, will be entrained at
all life stages. The rotential effects of power plant operation on
such holeoplankters should be nitigated by their encrmous recovery rate,
which is due primarily to a short breeding time and a widely dispersed
breeding stock.

Bivalve molluscs, rapresented in Tabls 5.4-1 by four specias,

-

ars sotantially wulnerable srimarily at the pelagic larval stage. Although .



liter:lly billions of larvae will be consumed, it is necessary to under-
stand that because of evolved tompensatory mechanisms for natural

mortality dus to starvation and nredation, etc., only & tiny fraction of
this projscted loss of planktonic larvae will be realized in adult popu=

lations.

Because of the extent and intensity of the pcpulation studies

which have taken n-ace, and because this species is as vulnerable to

adverse impact as any found locally, the scft-shelled clam, Mya arenaria,
has been selected as an example of the "worst case" of total impact o
meroplanktonic species. In the following discussion, an attempt is made
to translate into the eguivalent number of harvestable clams the number

of planktonic larvae expcsed to: 1) passage through the plant cooling
system (punped entrairment), 2) temperatures in the discharge plum)
greater than the critical 4t (15 F) and 3) temperatures in the backflushing
plume greater than the critical At. This approach conservatively assumes
that all clam larvae exposed to . critical &t will be killed which, as
discussed above is unlikely to ke the case for any species,

Using data obtained during six years of surveys (NAI, 1977¢),
spat survival ratics (Table 5.4-2) were es.imated by approximating the
areas under size-frequency modes assumed to represent certain yvear-
classes. Modes assigned to particular year-classes in succeeding sur-
vey years were compared. Percentage of area remaining from the previous
year's modal area was taken to be an estimate of per annum survivership.
Values presented in Table 5.4+«2 represcnt a composite of individual jear-
class survivorship from the umboned larval stage to young-cf~the-year
spat involved, relating the seasonal total larval population existirg off
the coast of northern Massachusetts, New Hampshire and southern Maine
(estimated to be 1 to 2 trillion in 1978; NAI, 1977¢) to the total
standing crop of newly settled spat within the same region (estimated as
2 to 4 billien in early 1976; NAI, 1977¢).
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TABLE 5.4-2, ESTIMATED AGE RELATED SURVIVORSHIP OF SOFT-SHELL
CLAMS , MYA AREVARIA (NAIL, 1977b).

AGE SPAN SURVIVAL RATIO
Umboned larva to young=of-the-vear 0.002 = sl
Young=-of-the~year %o yearling 0.022 = s2
Yearling to 2 yr ol 0.265 = 53
2 yr old to 3 yr old 0,278 = 3‘
Tyr old to 4 yr old 0.200 = s5
4 yr old to § yr old 0.1%52 » s6

To compute adult equivalency of larval loss, the estimated
number of larvae entrained (NL> was aultiplied by cumulative susvivors
ship (i.e., the product of survival ratics for each life stage, sl, 82.
33. ets.); the result ig the number of adult clams (NA) that represent
the presumed total entrainment loss, assuming no density dependent

limiting factors operating on the adult clam population.

In calculating the number of larvae that would pass through the
cooling system (pumped entrainment)', 1976 data have been used throughout.
The 1976 data indicate that the mean number of larvae passing the proposed
intake site, from 28 June to 19 October, was lSB/mz/day. Given that the
hydraulic consumption of the plant, at maximum capacity, is approximately
54 ua/sec or 4.66 x loaml/dlyl, the daily passage of M. arenaria larvae
would be 736 x 106. Quver the entire 113 day period of study (extending
beyond the season of sustained abundance), this amounts =0 approximately
83 billion umboned larvae conservatively assumed to be fatalities had
Seabrock Station been operating at full capacity throughout the summer
of 1976,

Similarly, it may be shown that, at a discharge plume entrain=-
ment volume rate of 7.46 x ;Jemzﬁday (Table 5.3+<3), the daily entraiament
of M. arenaria larvae would be 1179 x l:s: thus 133 billion larvae would
have come in contact with "criszical"” discharge plume temperatures during

the L2276 season.
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TABLE

§.4-3. ESTIMATES OF POTENTIAL LOSS BY AGE GROUP.

AGE SHELL LENGTH
(YRS) (MM)

LT A S LV I R

o W

20~37
37-82
46=60
53-64

TOTAL NUMBER

(NA) QUARTS BUSHELS
a. Plant Passage (Pumped Entrainment)
3,652,000 14,600 456
967,780 10,820 329
266,140 4,670 146
53,230 1,280 40
8,020 283 g

59-67

ORY MEASURE ENUIVALENT

Average 196

b. Discharge Plume Entrainment (Normal Operation) *

20-32
37-52
46-60
53~64
59-67

20-37
37-52
46-80
53-e4
59-67

C.

5,843,200 23,260
1,548,000 16,800
425.800 7.470
85,170 2,080
12,900 408
Backflushing
1,320,000 & 280
348,000 L /83
93,000 1,632
18,000 433
2,700 84

730
526
234
64
13

Average 314

185
118
51
14
3

Average 70
Overall Tatal 580 +

' Estimates are doubly conservative, given that the brevity of
discharge and backflush plume exposures above c<r! tical
temperatures will be unlikely to 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.






prospect of negatlve impact by this powerplant on indigenocus plant and
animal communities is greatly diminished given the perspective of

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

organisms now inhabiting the area in questiorn.

In addition to the inherent capability ¢f thesc populations to
compensate for stresses, the design of the cooling waoter system has incor-
porated several features which should further mitigate the impact on indi-

genous populations resulting from operation of the Seabrook Station. These

features include

1. Mini. . .ation of cooling water volume in order tc limit
the number of planktonic corganisms subjected to pumped
entrainment;

3. 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 it of
S F;

3 Location of the discharge structure over a mile cffshore
in water greater than 50 feet deep in order to assure
greater cooling of heated discharge water before it reaches
the 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 £fshore,
10-17 feet off the bottom in water greater than 50 feet
deern to minimize entrapment of demersal species and
surface-oriented migratory fish as well as buoyant
fish eggs, in addition to permitting zunes-of-passage

for migratory fish both inshore and offshore of the

. intake location;






GLOSSARY

acclimation

algae

ANAZI OmoOus

aguaculture

aquatic

Arthropoda

assimilation

association

asseamblage

benthic

benthos

0

F PERTIMENT BIOLOGICAL AND H''DROGRAPHIC TERMS

habituation or adjustment ¢o altered environ=
mental factors (e.§., temperature)

several groups of simple aguatic 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
aguatic organisms

growing or iiving in, or fregquenting, water

a4 phylum consisting of animals with articulated
bodies and limps. The more important classes of
this phylum are the insects, arachnids (spiders)
and crustaceans

the uptake of food or other materials for incore-
poracion 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 interdependaence

~»
pertaining to the subaguatic bottom

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

i epibenthos (epifauna): ‘pertaining to
organisms crawling over the bottom (starfish,

crabs, etc.)

- 3 infauna: pertaining %o organisms burrowed
within the bottom substrate (clams, worms,
etc.)

8 meiofauna: tiny benthos wh.ch pass through

a4 1 mm screen but are retained on a 2.062 mm
screen (e.g., harpacticoid copepods, nematodes)



4. macrobenthos (macroii.vertebrates): larger .
bodied forms, including all benthi:z organisms
of direct eccnomis value %o man

bicassay & test, conducted in the laboratory or natural
environment (in situ), in which orcanisms are
used to detect or measure the presence or effect
of one or more substances or zonditions, i.e,
toxic chemicals or conditions

bicta the living pars of a system (flora and fauna)

biotic community plant and animal populations occupying - given
area, with a demonstrated intezieprendence (e.3.,
predators and prey together)

Brachicpoda 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
development, a 'notochord" (longitudinal elastic .
supporting rod), a dorsally situated central ner-
vous system, and gill clefts. All vertebrates,
and some marine invertebrates (such as zhe 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
appavent deflection is to the right

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

demersal living near the sea floor

densimazric 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 systams. The adjective "densi-
metric" refers to a concerr with the fluid's Zan-
sity. Willism Froude was a pioneer in fluid
mechanics



deposit (‘etrital)
feeding

detritus

diatoms

Dinoflagellate

downwelling

ebb current

Echinodermata

ecosystem

embolus (plural:emboli)

endemic
entrainment (plume
or momentum)

entrainment (pumped)

entrapment

a feeding process whereby food organisms and
organic debris are gleaned from settlid matter
resting on, or in, the botiom sediments

any fine particulate debris, usually of organic
origin

single celled microscopic plants forming & majer
component of plankton; with cell walls of silica

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

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

the tidal withdrawal cf water from an estuary or
away from shore

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

all the corganicms in a communjcy plus the assco-
ciated environmental or abiot ¢ (i.e., physico~
chemical) factors

any foreign or abnormal particle circulating
in the blood, as a bubble of air, a bloed clot,
ete.,

native to a specific geographic area

the hydraulis incorporation and passage of
umbient weters and corganisms into and through
a discharge plume

the uptake of planktonic organisms in the water
by an intake structure and their passage through
the entire cirguit of the circulating water
system

the uptake of macroscopic organisms, mainly fine-
£ish, which will not pass completely through the
circulating water cooling system but be impinged
on the screening or filtering devices prior to
entering the plan:
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molluse

motile

nanoplankecn

neap tide

nekton

neritic

neuston

niche

northeaster

organism

pelagic

periphyton (aifwu

photosynthesis

shototropism

Phoronidea

-~
-

.

18)

(phylum:Mollusca) includes clams ana cvsters .
(bivalves) , octopi, squids and snails; having

a sof. segmented body and a hard, calcarcous

shell, which is external except in sguids,

octopli, cuttlefishes, etc.

capable of movement, not fixed or sessile

alnost submicrescopic plankten (5 to 60
meters in size), not ordinarily collect
typical plankton nets

iowest range of zidal excursion, occurring near
the times of the first and list gquarter of the
moon

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

shallow water marine envircnment: the open waters
near a cocastline over the continental shelf

organisms s living in a thin surface film laver
of a water bedy

4 concept which combines an organism's habitat
and functicna. role in the community

a4 storm characterized by strong, moiscure laden,
winds from the northeast guadrant

any living individual, plant or animal

pertaining to the cpen ocean, whers organisms
spend meost of their time flcating or swimming
freely; not in contruct with the bottom regard-
less of whether the water is shallow or deep

any corganism attached or clinging to plant sur~
faces under water:; more specifically, atzached
submacroscopic and microscopic algae, insect
larvae, etc.

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

& stimulus reaction or STientation response o
light

a marine animal phylum consisting of a few species
only; they are rather small, worm~like and
sedentary except f3r the free swimming larva




plankter

plankton

plankton bloom

Pogonophora

primary productivity

productivity

red tide

respiration

rhectaxis

planktonic organism

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

1. phycoplankten: plant plankton (i.e,, diatoms,
etc.)

*i

zooplankton: animal plankton (i.e., cope-

pods, ete.)

3, meroplankton: temporary plankton, mainly
eg9s and larvae; seasonal occurrence

4. holoplankton: organisms with complete
life cycle in the plankton

5, ichthyoplankton: £finfish eggs and larvae

6. tychoplankten: bottom dwelling, organisms
briefly carried up or occasionally actively
swimming into the pelagic 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 osrganisme at any
trophic level

discoloration of surface waters, most fregquently
in coastal zones, caused by large concentrations
of microoryanisms, particularly dinoflagellates
in the plankton; may be toxic to some nrganisms

the chemical and osmotic processes by which an
crganism incorporates oxygen and gives off carbon
dioxide formed by oxicdation in the tissues; the
reversal of the photosynthetin process

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






thermocline

tidal flat

trophic level

tropism

curbidity

turnover

upwelling

viable

vitality

the layer of water in which there is a sharp

or marked temperature change sver 2 small
increase in depth; this usually ocours in summer
and occupies a mid-depth position, causing a
physical (density) isolation of surface and
bottom waters

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

one of the several successive levals of nourishe~
ment in a8 food cliain or web; photosynthetic plants
occupy the first level, and the animals which graze
upon them, the seccnd level

a directed movement in response to a stimulus

reduced water clarity resulting frnm the presence
of suspended matter; water is considered turbid
when its load of suspended matter is visibly con=
SDiCcUOUS, waters contain some suspended matter and,
therefore, are turbid to some degres

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

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

capable of living

veproductive success; capacity to live and
develop
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