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SUMMARY DOCUMENT: ASSESSMENT OF ANTICIPATED IMPACTS OF h
CONSTRUCTION AND OPERATION OF SEABROOK STATION

ON THE ESTUARINE, COASTAL AND OFFSHORE WATERS,

HAMPTON-SEASROOK, NE'd KAMPSHIRE

s
,

1.0 INTRODUCTION

The purpose of this document is to summarize all pertinent
work that has been acccmplished'to date with espect to assessment of
possible impacts on the marine ecesystem of the construction and operation
of Seabrook Nuclear Station. It includes the cu=nulative data and ,

,
results of baseline studies, continuous environ = ental monitoring programJ,
and special studies cenducted since the station's original conception in
1968 (studies began in 1969), A wide spectrum of subjects are covered,

with the emphasis on the general, but encompassing areas of biological, g
hydrographic and hydrothermal studies necessary to describe, detail, and
analy:e this highly variable a.nd previcusly poorly or unstudied ecosystem.
This document specidically includes a lengthy analysis of the station's<

potential for i=pacting selected representative important species, a
method which hns been decreed by the relevant regulatory statutes to be
one means of determining everall environmental impact on a given ecosystem. *

As with any reporting effort where scudies are in some mann1r *

still ongoing, seme results in this document may become outdated; one
should keep this in mind when seeking information er endeavor:.ng to
utilize data or results frem this report. Subsequent reports to those

~

cited in this decur,ent, when they become available, will certainly be of
further value when r.aking impact assessments.

.
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m

1(]) 2.0 - DESCRIPTION OF EXISTING ENVIRONMENT

r
2. L - INTRODUCTION AND GENERAL OVERVIEW4

, .

Since June 1969 Normandeau Associates, Inc. (NAI) has been

conducting baseline biological, hydrographic,and sedimentological
studies for the Public Service Company of New Hampshire's (PSNH) Sea-

.,

brook Station-Project. These studies of a portion of the western. Gulf

of Mainc, the coastal taters off Hampton Beach, New Hampshire, and
Hampton Harbor estuary, have been designed primarily to determine
temporal and spatial distribution of dominant fauna and floras general
seasonal: structure of plankton, benthic, and finfish connunities ands

-annual verlability of ambient water currents, temperature, salinity,,

[ density, dissolved oxygen, tides, net circulation patterns and winds.
These studies, which represent one of the most comprehensive preoper-

.

:

ational monitoring programs conducted for a proposed oceanside power,

plant, have substantiated data previously collected by other workers, and
I in addition, have added much valuable new information.

12.1;l Physical Settina

.

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.1 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 (Tigure 2.1-1) forms a roughly rectangular

embayment about.175 n mi e. cross frcm west to east and 100 n mi from

; south to;nc*.th. - It stretches from Cape Cod and Nantucket Island,
' Massach.wetts, northeastward along roughly 525 n mi of shoreline (ex-

cluding bays and inlets) to Cape Sable, Nova Scotia. It is bordered to

.

the south by two shallow banks areas, Georges Bank and Browns Bank,
,

- which apparently restrict water circulation with the North Atlantic

,

-we -wne. ne g r .w- em-. y --, w,.m.,_e , . ,,.m.,s, , , .y,,.,,, ,.m.,,-e , , , . . - ,m-, ,,,,m,e---.-oe,,e,,ee.m-,.m,,4.s -y,re-,-y--,,e -u-,,--a,,--gwm-e,w--,,mm- mw*'- -e 74
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|( and essentially encicse the Gulf cs a coastal sea. T.e Gulf of Maine

; _ compriser an estimated surface area of about 4.9 x 10 m and a volume
1

1 - of approximately 10 gallons (excluding the Bay of Fundy) ,

1

The Gult of Maine has generally irregular bottom topography
with numerous banks and sinks. A narrow, gently sloping shelf up to 13

,
.

n mi vide 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 Pasin, in the northeastern

portion (ebout 810 ft deep); and Crowell Basin, in the southeastern
section (about 1,240 ft deep: Tigure 2.1-1). The seaward edge of the

Gulf consists of a nearly continuous series of shallow sills extending
from Nantucket to Cape Sable Georges Bank which is between 90 and 210

ft deep, but in places is almost out of water at low tides and Browns
-

Bank which is between'100 and 300 ft deep. There are three narrow

passages which breech this sill, connecting the deeper basins of the
Gulf to the open ocean Great South Channel between Nantucket and

(f Georges Bank (about 210 ft deep): the Eastern Channel between Georges
Bank and Browns Bank (about 680 ft deep): and the Northern Channel
separating Browns Bank and the mainland of Nova Scotia (about 420 ft

" deep).

The western Gulf of Maine adjacent to the coast of New Hamp-

shire, known as-Bigelow Bight, is dominated by twa deep basins: Jef-

freys Basin, which is about 600 ft deeps and Scantum Basin, which is
about 420 ft, deep (Figure 2.1-2). A broad gently-sloping shelf area

with. numerous local bettem 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 riss known as Jeffreys Ledge.

- The site for Seabrook Station is on the southern New Hamp-
shire coast adjacent va Hampton Harbor (or Hampton-Seabrook) estuary

; (Figure 2.1-3). This estuary and associated narsh, which has an area of
,

. approximately 3,800 acres, is part of the general uplift pattern of a

.

4
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epreviously submerged coastal plain bordered on its outer perimeter by a
barrier beach.

The Hampton-Seabrcck marsh / estuary is sectioned by several
tidal rivers. Although there is a discernible watershed, the attendant '

runoff is not particularly significant. The several strea=s and their
branches serve primarily as tidal streams directing the inward and
outward flew of saline water twice daily.

|

The substrate of the adjacent offshore area where the cooling ;

system intake and discharge is proposed to be located is extremely
i

heteregenecus but composed of three basic types: ::ck-ledge, cobble

(rocks less than 6 inches in diameter), and sand (Figure 2.1-4).

2.1.2 Hydrocrachic Settina

O
The general circulation pattern of the western portien of the i

Atlantic, which includes the Gulf of Maine, has been docu=ented by NA:
studies, as well as by other werkers such as Bigelow, 1927; Cay, 1958;
Su= pus and Laurier, 1965; Graham, 1970a; and Bempus, 1973. The waters
on the Scotian Shelf, known as the Nova Scotia current (Bigelow, 1927)
are a mixture of Guif of St. Lawrence water, residual Labrador current
water, and =cre saline waters from offshore called Slope Water (McLel-
lan, 1954). These waters (Figure 2.1-5, generally flew southwesterly,

parallel to the Atlantic coast of Nova Sectia, rounding the tip of Nova
Scotia and entering the Gulf of Maine (Sutcliffe, Loucks and Orinkwater,
1975).

These circulation studies have shown that the flew of water in
the Gulf is strongly influenced by the tides, and at = cst iccations, the
tidal currents cceprise the greater part of the total water movement.
However, this tidal acvement is superimposed on a =cre general counter- |
clockwise sche =e of net, non-tidal circulaticn (Gulf of Maine gyre)
which undergoes an annual cycle. This flew pattern is due to the inter-
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<m
( ) action of many influence- siaen include: (1) freshwater runoff, (2)
v

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

According to Bu= pus and Lau:ier (1965), the chief wintertime

characteristig 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 develeps which continues past Cape Cod and out through

Great South Channel. Between the indraf t 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 also present by this time of the winter. In tne

early spring, freshwater runoff is discharged from coastal estuaries,

helping to set in motion an eddy which rapidly develops into a huge

counterclockwise gyre encompassing the entire Gulf of Maine cy the end
,

of May (Figure 2.1-6) . As during the winter, there is an indraft into

the gyre from the Scotia Shelf and Georges Bank. In the eastern Gulf-s
/ t
(,7 the drift may be northward into the Bay of Fundy or westward along ti.e

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 they continue southwestward into Nan-

tucket Sound or eastward onto Georges Bank. Drift-bottles released by

NAI along the New Hangshire coast in late spring of 1973, 1974, and

1975, at the time of year when the flow reaches its peak, have been

carried southward and then eastward across the 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 2.1-6).

Finally, by late fall and early winter, the southern side of the Gulf's-

counterclockwise flow breaks down into a southerly drift seress George's

Bank and the annual cycle is completed.
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The study area off the New Hampshire coast represents a small
_

G segment of the coastal shelf tone of the Gulf v. Maine in the North
Atlantic Estuarine Zone (U.S. Ftr.h and Wildlife Service,1970) . Graham

,

(1970a)
.

has defined this coastal water as lying within 13 n mi of the

coast and at depths less than 328 ft extending from the mouth of the Say

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 mi annually (Emery and Uchupi, 1972). In general

near-bottom waters from:the Northeast Channel have a salinity of about
34.0 /co (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 5

the Gulf of Maine has been studied by Bigelow (1927), Colton et al.1

I (1968), Colton and Stoddard (1972) and TRIGCM (1974) . Graham (19704,, ,

1 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 includes
t.

L Wiseman (LSU, 1969 unpublished personal communication), EG and G (1972),,

I

j_ Manohar-Maharaj and Beardsley (1973), RAI (1974a), Cox (1975) and NAI

| ss976f).
|-

From 1969 through 1972 NAI conducted preliminary hydrographic
.

- surveys emphasizing summertime; conditions in the Hampton Harbor estuary
(NAI,1971) . . L starting in September 1972 and continuir.'s through to the
present, NAI's extensive studies (1975b, 1975f and-1977a) have included

the following:

. u

I. Continuous Monitoring of_ Oceanographic and Meteorological
. Parameters from Fixed Points:

4

A. Mooring Deoleyment: More than 30 different specially
7 designed mooring systems to serve as instrumentation

}. platforms have been deployed on a year-round basis.

_. - . - - - . _- - - . _ . _ - -
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1

|||3. Current Mea surer.ent s : Tor nearly 4-1/2 yearb 00ntinuous
water current speed and direction measurements have been
obtained frem the various offshore moorings (Figure 2.1-7
ccmpiling a data base, exceeding 30 current-meter mooring
years (Figure 2.1-8).

C. Temperature Measurements: For nearly 4-1/2 years contin-
uous water te=perature measurements have been ebtained
from the various offshore moorings as well as from around
the Inner and Cuter Sunk Fccks and the Hampton Harbor
estuary, documenting nearly 25 temperature monitoring
years o f data t

D. T1de Elevation Measurements: For nearly 4-.1/2 years tide
elevation has been monitored continuously in the Hampton
Harbor estuary:

E. Wind Measurements: For nearly 4-1/2 years wind speed and
direction have been monitored centinuously in Hampton
Beach State Park. -

t

II. Cceanographic Cruises:

A. Plankton Cruises: Essentially monthly oceanographic
cruises to survey plankten distribution, hydrographic ,

parameters, and net circulation patterns (drifter re- i

leases) in the western Gulf of Maine out to almost 25 n
. mi offshore:

-

t

S. Slack *4ater surveys: Monthly to semi-monthly hydro- '

graphic surveys to document low-water and high-water
" slack" distributions of ambient te=perature, salinity,
density and dissolved Oxygen at stations in Hampton
Harbor and offshore around the various proposed intake
and dischrge sitssi

C. Special Te=perature Studies : Over a 1-year period inten-
sive temperature surveys (including in situ monitoring
and tide-pcol =easurements) were =ade around the Inner
and Cuter Sunk Rocks off the =cuth of Hampton Harbor;

!!!. Anchor Statien Studies:
s

Periodic surveys over a tidal cycle at selected stations to
document ambie-- -"--ents , temperature, salinity, density and
dissolved oxygen frequently included in situ streamer observa-
tiens and dregue studies;

O

-- - - - - - - - -- _
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off Hamoton Seach, New Hamoshire, from 1972 to date.
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() !V. Orifter Studies:

More than 4 years of drifter releases including some 12,000
drift bottler and nearly 15,000 drogue and sea-bed drifters
with an overall recovery of about 25 to 40% depending upon the
drifter type' included a special study to determine the
probability of coa:tal ratets entering the Hampttn Harbor
estusty and neighboring estuaries as a fcnction of distance
and depth offshore (NAI, 197Ab):,

4

V. Lecimentological Studies:

A. Sediment Stakes Monthly height meas rements of
stakes jetted into the sea floor were used to document
long-term, net-sediment erosion and/or depositiens

,

B. Eediment Traps This device was used to document seasonal,

' aspcets of near-bottom suspended sedimer.t transp?rt at
'- the nearshore intake sitet

i C. Turbidity Survey: Two special surveys were conducted to
measure ambient turbidity levels in Hampton Farbor
estuary under " typical" and " post-storm" conditions.

2.1.3 Biological Settino

I
Biogeographical 1y, the New Hampshire nearshore zene is approx-

tmately at the midpoint in the Nova Scotian Marine Province which
*

extends frem Nova Scotia south to Cape Cod. Generally, the marine

organisms resident in the Hampton-Seabrock area are also found through-

out the province.

The fauna and flora of this province are relatively well known

and tk c llowing studies provide information concerning spatial ando

temporal cistribution of dominant species in each category:

.

I. Tinfish: Bigelow and Schroeder (1953), T?,GOM (1974):

.

II. 3snthost TRIGCM (1974) , Parker (1975):

2C:) 1

-

|

I

e

. . . . . ,,,
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III. Macroalgai. Lar.b and Timme r. .an (1964 ) , Mann (1972),
Mathiesen, Hehre and Reynolds (19??);

IV. PlanXten: Bigelow (19 6), Gran and Braarud (1935), Tish
and Johnsen (1937), Lillick (1940), She rman (1965, 1966,
196a , 1970) .

V. Intertidal: TR:00M (1974), Menge (1976), Gosner (1971).
.

Biological studies for Seabrock Station began '' the su=mer of
1969. Initial studies (NAI, 1970, 1971, 197:a-h) fece s the biota

of Hampton-Seabr0ck astuary since it was criginally preposed that the
ecoling system intake be located in the estuary. When the cencept of an

offshore site was adopted Ln 1972, studies of t',e nearshore biota were

initiated, and have continued through to the i-resent (Tigure 2.1-9).
Chese studies have included the following ;

. Soft-shell Clam, Nya arenaria

A. Adult Surveys: Beginning in 1969, and centinuing * rem |g
1971 to the present five ma;ct clam flatt in Hampten
Seabrook Estuary have been sampled annually in Novemrer,
to document variability in the ste.nding stock of harvest-

'

able clan e , In addition, one of the flats (desi7nated as
No. 2) has been sampled quarterlys

B. Spat surveysi Concurrent with the adult surveys, samples
of newly settled young (1 to 25 mm long) have been
ebtained. Beginning in early 1976, the spat program was
expanded to include five other nearby northera New
England Satuaries.

C. Pltnktonic !arvae T0ws: Beginning in 1969 and centinuing
'

to the present, planXten pump samples have been analyzed
during the warmer menths to deterni.te spatial and temp-
oral abundance of the telagic larvae.

D. Larviculture : A special laboratory study was undertaken
in 1975 to confirm larval identification. Nya arenaria
and a distantly related species, Niatella sp. were
spawned and the eggs reared to the settling (pediveliger)
stage.

O
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gII. Tinfish

A. Ctter Trawls: Replicate 10-15 min : ws have been con-
ducted monthly frem 1974 to the present, and twino
monthly in 1973, alcng transects offshore frem Hampt:n
Be ach.

B. Gill Nets: Cffshort from Hampten Beach, 48 or 72 hour
sets have bven carried cut approximately menthly, frem
1974 to the present, and twice monthly in 1973.

C. Ecach seiness Collections have been made fr:m April
thr0 ugh hhvsmber using seine casts in the shallower
reaches of Hampten-Seabrock estuary, twice monthly in

'
$73 and centhly frem 1974 to the present.

D. Ichthyoplankten Oslieetiens: Cblique t:ws using cne
meter diameter 505 un and, ccessienally, 333 um mesh nets
have been conducted approximately twice monthly in 1973.
and monthly frem 1974 to the present.

III. phytoplankton and Invertebrate tocplankten

A. Pumps: Submersible electric pumps have been used since
1972 to study spatial and temporal variability of phyte- ||h
plankton and mierezooplankton en a monthly basis (twice
monthly during the war:ner months of 1973) . The pumps
were also used to obtain water samples for plant nutri-
ent, chlorophyll 4, and carben!" uptake analysis.

B. Net tows: Cblique tows using 333 um and, occasionally,
505 um mesh nets, 60 cm in diameter, mounted in a twin
" bongo" frame, have been employef. en approximately a
monthly basis since 1973, to investigate temporal and
horirental variability of macrozooplankten. In 1973,

sampling was twica acnthly and ranged over a partir"larly
wide area of Bigelow Bight, out to almost 25 a mi . rem
the Seabrook Station site.

IV. Penthos

A. Subtidal rauna For the past two years, survsys have
been conducted quarterly at 15 subtidal stations in the
vicinity of the proposed intake and discharge site, and
at four stations in Hampten-Seabrock Estuary, to deter-
mine community structure. Surveys of offshore subtidal
bonthos were also conducted in the summers cf 1969, 197
and 1974.

.__ _ __ _ _ -
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() B. intertidal Faunaa Costructive (dredge) and non-des-
tructive samples have been taken since the spring of 1975
on a quarterly basis from three intertidal elevations on,

rock ledge habitat off Hampton Beach. Concurrently,
destructive sampling has also baen carried out at four
intertidal stations in Hampton-seabrook Estuary.

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

D. Macroalgae_: Growth rate, vertical distribution of bio-
mass, and reproductive cycles of two dominant macroalgae*

i species: irish moss, Chondrus crispus and kelp, Lami-
narla saccharina have been monitored monthly since the
summer of 1975.

V.. Lobster, Romarus americanus

| A. Trapping studies since 1972, a string of 15 to 30
- lobster pots in the vicinity of the proposed discharge

f site has been tended by an experienced ichsterman approx-
imately once every three days, from June through dovem-

'

ber. Records are kept for computing catch per effort.

B. Planktonie Larvae: During the summer of 1973, replicate
'

15 minute tows _were _ conducted monthly along five tran-
; sects offshore from Hampton Beach, using a one-meter
i diameter 505 um mesh not equipped to tow breaking the

water surface.

,

VI. Biofoulings

short-term settlement of biofouling organisms and long-term
community structure has been monitored for two years in the,

estuary, and offshore, with the use of submerged artificipi
substrates.

-The most recent of these studies have been incorporated into-
the preoperational monitoring programs further description of
this program and location of sample sites is given in Section
6.0.

.
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2.2 HYDROGRAFHIC ENVIRONMENT {|g

2.2.1 Currents

Currents are large-scale water movements which cccur every-

where in the ocean. The forces causing major ocean currents ccme pri-

marily from winds and from unequal heating and ecoling of ocean waters.
Both are the result of unequal heating of the eart* i surface. Ccean

currents centribute to the heat transport from trepics to poles, thereby
partially equalizing earth-surf ace temperatures (Gross, 1972). Because

the Gulf of M.aine is a coastal ocean lying ever the continental shelf,

it is especially susceptible to wind influence. Winds blewing ever the
surface of the water set surface waters in motien, which may in turn

,

cause storm surges, coastal currents, or upwelling. Secondly, winds

generate waves which affect the coastal ocean through their actiens on
,

shorelines and mixing of surface waters. A consistent feature of

coastal processes is their ecmpressed time scale as compared with the
same processes in the open ocean. The shallowness of ceastal waters,

such as off Hampton Beach, allows rapid heating, cooling, evaporation,
dilution, or movement as an overall pattern of periodic abrupt change in
contrast to the more uniform conditions cf the deep ocean (Gross, 1972).

2.2.1.1 Observations and Measurements from Fixed Points (Eulerian
Method)

I. PRINCIPAL FLOW PATTERNS

The r:castal Jtters off Hampten Beach are very dynamic and some
current flew is always present because of the ccmbined effects of tide,
wind stress, net drift and other hydrographic and meteorological dynamics.
In terms of the resultr .t flow patterns, six principal variants may be
described (Firure 2.0-1) . These are basically derived frem the super-
impositien of persistant, steady-state, flew cn the ebb and flood of ||h
tidal circulation. Weak Tidal Flow is quite variahle but 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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teward periodic reversals in direction. Streng expression of Reversing

OFlood and ggb Tidal Ourrents on a regular 6 tc 7 hr basis occurs when
there is very 1!.tle effective steady-state motion. Moderate or Streng

Nerth/ South Flew occurs when steady-state flow ccmpletely overwhelms

tidal reversal.

C1.tssified as described abcVe, coastal current-meter flow data

from moorings seaward of the Cuter Sunk F.0cks exhibit the frequencies

given in Figure 2.2-2 and Table 2.2-1. The most ecmmon type cf flow in

these waters was transient or tidal flcws, which eceprised almost ene-

half (41%) of the 4-yr (1437 day) study period frem January 24, 1973 to

recember 31, 1976 (Table 2.2-1). The most frequen' flows of this type

were reversing flood- and ebb-tidal currents, cceprising 20.7% overall.

Weak tidal flows made up the remaining 19.7% cverall.

The steady-state flcws teward the south and the north were

about equally distributed (28.6% overall fer the former and 31.1% over-

|||all for the latter). The southerly flows along the coast, which occurred

roughly one fourth of the year, were generally the result of northeasterly

storms and occasional perieds of northwesterly winds. Such flows essentially

masked cut the tidal currents and frequently persisted unabated for days

at a time. Mederate scuthward flcws of abcut 0.2 to 0.3 kn comprised

19.7% overall. Sereng flows, which occasienally reached 1.0 kn ecmprised

8.8% overall. Correspondingly, the northward flcws generally occurred

during the remaining fourth of the year in conjunction with streng

south-to-southwest winds or at possible seiching in the western Gulf of

Maine following storm surges. Moderate northward flows ecmprised 26.'0%

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

The coastal waters frequently demonstrate a two-layer flow

system reinferced by ambient stratificatien of temperature, and salinity

(see Section 2.2.5). During the spring, summer and early f all, the

upper portion of the water column is warmor and less saline than waters

at depth because of radiational heating and runoff. 2n the late fall -
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() the waters are more hemogeneous frem surface to bottom, whereas, in the

winter the upper part of the water column is actually slightly colder

than at depth because of radiatienal cooling. This stratificatien

creates a shear-plane at depth within the water column and enables the

winds to drive the near-sarface waters downwird whenever the w.inds have
been strong and persistent encugh. This is the basic phenomenen which

accounts for the steady-state flows either south' ward or northward. The

flow at depth frequently is reversed frca that of the near-surface layer

in apparent compensation.

Spectral analysis of representative current-meter data over a

range of frequency periods from about 120 hrs to less than 6 hrs indi-

cates that three main frequency components are present in flow patterns,

off Hampton Beach, New Hampshire: (1) a very low frequency storm com-

ponent and possible lunar-cycle effect with a periodicity of 80 to 120

hrs, (2) a strong tidal component at about 12 hrs, and (3) a weak second-

ary component at 6 to 7 hrs which nay be related to irregular tidal

O flows (NAI, 1975f).

In the summertime the shallow current reters show both a well-

develcred storm component and a tidal component, indicating that the

upper part of the water column is alternately affected by wind-driven

near-surface flows and the tides. At mid-depth current meters, the

storm component is less evident, the tidal component is dominant, and

the secondary component is more pronounced. Near bottom the ficws are

almost completely tidal with some secondary component, indicating
that near-bottom waters are below the depth to which storm ef fects gen-
erally extend in the summer.

During the winter, enly storms and 12-hr tidal ecmponents are

generally observed. The shallower current meters are generally domi-

nated by storm flows with very weak tidal components. Near-bottom

waters show a stronger tidal component with a weak secondary 7 to B-hr
' component, but still tend to be dominated by the storm conditiens.

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

- . .. . . . .. .. __-
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stcrms and possibly lunar-cycle effects. Orcss-covariance analysis of

current and wind data has shown that near-surface currents lag several
hcurs behind wind shifts.

II. SEASONAL FLOW

Currents cbserved during the fall months are genera;1y teward
the north and northeast at mean speeds of 3.17 to 0.44 kn apparently,
these are largely caused by scuthwest winds and breakdown in the flew of

the Gulf of Maine 77:e. Flows in other directions are generally about
0.10 to 0.19 kn with some higher mean speeds teward the scuthwest (up to
0.22 kn). Distinct shearing along the thermocline between the upper and
icwer pcrtiens of the water colu=n has been cbserved at both the dis-

charge site and the nearshere intake site. Near-bottem mean speeds are

higher in the fall than are typically cbservec during the st=mer. Thus,

near-surface currents tend to fellcw the wind; whereas, flews at depth
tend to parallel the coast under mere tidal influence or move shoreward |||
as a pcssible cerpensater/ flew.

In general during the winter months, winds and stcrms play a
deminant role in ceastal circulatien of the waters off Hampten Seach,
New Hampshlre and in the western Gulf of Maine. A prevalent flow teward

the north or northeast at mean speeds of 0.13 to 0.00 kn prevails' at the
shallower depths. These flows are nearly balanced by south-to-scuth-
westerly currents averaging 0.19 to 0.23 kn. At the nearshore intake

site weaker currents and more evenly distributed flcws, with a slight
prevalence for southwesterly directions, are indicated by the data.
Tidal effects are also usually more apparent at this location than at
other moorings, possibly because of channeling effects between Cuter
sunk Rocks and Hampten Seach. Currents at depth are generally progres-

sively weaker than near-surface ficws. Near-bottom flows at the dif-

fuser site are apparently affected by the bettem topcgraphy and a north-
westerly ec=pensatory flew tcward shore (NAI, 1975f). Offshore at

( Mccring T-4 the southerly flcws are usually more dcminant than at near-
| shcre mccrings, but mean current speeds are abcut the same.

I
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Ouring the spring mcnths, storms generally continue to play an,

important role in coastal circulation wit.1 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
' - -

southwest quadrants, at about the same mean speeds (about 0.15 to 0.29
kn) as 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 pattetn is primarily the
result of combined effects of northeasterly and southwesterly storm
winds, which drive nearshore waters either southward or northward along
the coast respectively. At the nearshore intake sites, flows are gen-,

erally strongly bimodal to the north and southwest, reflecting the
topographic effect of the outer sunk P,ocks on local flow patterns.

.

The influence of tides during the calmer atmospheric periods
between storms is evidenced by nearly-equal flow distribue. ions in vari-

{() ous directions. Flows at.the proposed discharge site often show pro-
1 nounced shearing. _ Highest current speeds are usually observed near the

surfaces mean speeds of 0.29 kn southward and 0.20 kn northward have "
,

been' recorded. At depth, the diffuser site has shown weaker mean speeds,

-(about 0.23 kn southward and 0.14 kn northward). An ano m icas north-
westward. component has been noted- at depth in apparent compensation for i4

>

the prevailing offshore winds and local effects of adjacent bedrock I

|
topography on the sea floor. Offshore at Mooring T-4, the southerly '

1

flows were more dominant and even stronger than nearshore (mean speeds
- of 0.25 to 0.30.kn).

!

L
i _During-the= summer months storms are less frequent and less- *

? intense, enabling _tida1' effects to beceme-more apparent.-- During the- '

summer months flows are generally weak and variable in- all directions *

; (about 0.10 to 0.15 kn) because of -increased dominance of tidal ef fects.- '

occasional northeast storms during the summer accounted for the strong-
;

. southwestward component at many of the mooringa (mean speeds of 0.17 to

i
. 0.29 kn). During the su=mer observed current speeds weaker than 0.05 kn

occurred more frequently than at any other time of the year.
.'

.

E
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During perieds when tides predominated. flows alternated |||
between northward fleed and scuthward ebb, but there is generally a net
residual drift of several nautical miles per fay southward along the
coast as part of the ccunterclockwise Cult cf Maine gyre. At the pro-

posed discharge site, flews have shown censiderahle variation from one
depth to anotner. Near surf ace northeasterly and southwesterly flows
have been nearly balanced only during 10% of the summer were speeds
relow 0.05 kn. At mid-depth, flew was more southerly with 15% of the
speeds below 0.03 kn. Near bettem 63% of the flows were less than 0.05
kn with carrents predeminantly toward the northwest and southeast ,
similar to trends cbserved during the spring. Cffshore at Mooring T-4

the strong south-to-couthwesterly currents, observed during the spring
persist throughout the summer season.

2.2.1.2 Observation and Measurement of Current Tesjectories (Lagrangian
Method) e

I. DAILY NET DRIFT

Calculations of daily net drift or water-mass displacement
along the coast (24-hr vector average based en actual 20-min observa-

tions of current speed and direction) further demonstrate the dynamic
nature of the waters off Hampton Beach. F.egardless of actual flow type
(i.e., weak tidal ficw, reversing flood and ebb-tidal currents, moderate
or strong southward flows, and moderate or streng northward flows), the
coastal currents are such that for any given day there is always seme
net residual non-tidal drift. Thus, nearshore flows may generally be

conceptualized as somewhat discrete entities, often moving alternatively
northward and southward independently frem water masses further off

shore which have greater freedem of motion in the east / west piane.

Oaily net-drift data (longshore or ncrth-south ecmpenents

haveraged over 3-day perieds for ease in presentatien) collected frcm
mid-depth current meters off Hampton Beach during 1373 through 1976 are
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O summari:ed in Tigure 2.0-3. Lata frem the summer season, when tidal

flows are most prevalent (Figure 2. 2-2) and entrainment impa:ts of pcwer

plant operatiori potentially the greatest, show typical net drift rates

of at least 1 to : n mi per day with numerous periods of mueb ~~sater

not drifta. Periods of large net drift are in apparent response to

storm effects. Although conditions from year to year have /aried

slightly, a general summertLme pattern has been observed in all 4 years.

During both June and July of all 4 years, predeminant net drif t was

southward except for about 4 to 5 days of northward drift. In August

1973 there was very little northward drift, in August 1974 about 5 to 6

days, and Ln August 1975 and 1976 about 10 to 12 days. During September

1973 and 1976 there was about 6 to 8 days of northward net drift, in

1974 about 21 days, and in 1975 atout 27 days, showing conditiens have'

i varied somewhat from ene summer to another.

These data document short periods of relatively small net

drift over several days at times which occur periodically during the

su=mer season. As these data show, such quiescent perieds are inter-

rupted by periods of strong flow, lasting for days at.a time and re-
,

sulting in large-scale net displacement of nearsbere waters.

i

i

II. ORIFTER RELEASES

For more than 4 years NAI has studied residual net non-tidal

drif t and circulation patterns in the western Gulf of Maine by means of

year-round drifter releases. Since September 1972 drif t bottles have

been used to document near-surface flows out to 23 n mi offshore, whereas
,

near-bottom flows have been studied by means of sea-bed drifters.

Through September 1976 NA: released nearly 12,000 d. sottles and

approximately 15,000 drogue and so& bed driftirs, with an overall recovery
.

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

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

most of the recoveries have been between Cape Ann and southern Maine,

.
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4

.

with the remainder in Maine, in Massachusetts Bay, and on Cape Cod.
'O

;

Furthest recoveries to the north and east have been along the coast of

Nova Scotia (two recent returns have been from the A: ores Islands and :
.

the Shetland Islands). Westernmost recoveries have been from Tires
4

|Island on Long Island, New York, and Watch Hill, Rhode Island. Numerous

recoveries have been made on Martha's Vineyard and Nantucket with a few [

returns from Block Island, the Cuttyhunk Islands, and Bu :ards Bay.

Typical seasonal drift patterns are documented as follows

(Figure 2.2-4): " summer" season (June 1973), " fall" season (September
1972), and " winter" season (January 1973) Monthly recovery percentages.

[ for the NAI studies have run from about 10 to 50 percent, depending upon
' the actual release (NAI, 1975f).

.

The drif t bottles were typically carried southward and off-

shore, out past Cape Ann, by the flow of the Gulf of Maine gyre. Bot-. ,
.

,

t. ties released from the more-seaward stations had the lowest recovery

q percentages and frequently traveled the longest distances, but typically j

4

had higher non-tidal net drift rates than the more-landward stations.

Near-surface flows of the dri,ft bottles were generally 1 to 3 n mi per i
-

>

day or at least ten times faster than the near-bottom flows of the sea-
'

,

bed drifters (usually 0.1 n mi per day or less).

i
;

In contrast, sea-bed drif..es released out to about 5 to 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' layers. These flows may also be related to the effects of

f

.l
.

*

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

"MB" for Massachusetts Bay and Cape Cod Bay
"CC" for the outer or Atlantic coast of Cape Cod including Nan-

() tucket Sound and Buzzards Bay
"RI".-for P,hode Island.

"NY" for New York
' "NS" for Nova Scotia and the other Maritime Provinces of Canada.

1

.
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northear.t s t o r-3 . Further seaward of this distance cut Leyond about 6

i ) to 0 n mi, the near-bottem watars tended to move up-slepe cut Of Scantum

Sasin and scuthward past Cape Ann into Massacnusetta Pay. Some drifters

were carried up cnto Jeffreys Lodge, while others appear to have toen

carried through the deep channel off 7 ape Ann. Some of the variati:n in

bottom drift is due to irregularities in bottom tcpoqtaphy. Although

sea-bed drifter. sre widely useo to examine nearbottom flows (Bumpus,
1965), it should be noted that they are subject to entanglement in

seaweed, rocks or bottom febris as they drift along and thus probably
underestimate the true drift rate.

The general drif t patterns of nearshore drif ter releases show.

-lose correbora:icn with mean-flow dat z ' rem the NAI current-meterkImoorings. During the summertime ther r s a ter kncy for waters at depth

(deeper than about -9 to 20 ft) to ha'e a southwesterly not-drift ecm-

ponent of flow onshcts, as apparent etmpensation for the prevailing

south-tc-seutheasterly offshore retdrift of near-surface flows. These

near-surface flows appear to parallel the coast or to be more south-,_
i

,s / easterly offshore, except under enditic 5 of shott-tern opposing wind

stress when the flows may be northward Isottheastward. In general,

thI further offshore one goes, the f aste he non-tidal net-drift rate
'

becc.ts s .

Thus uhe MAI drif ter and current-trater data corrocorate tne
findings of previous workers and document that, during much of the year,,

the Gulf of Maine gyre and associated hydrographic phencmena result in
rit soutnerly flows along the New Hampshire coast and in the western

Gulf of Maine. These flows become pa:': of the huge counterclockwise

circulation pattern which encompasses the entire Gulf. Occas4onali

|

;eriods of northerly flow were observed, gener tily following periods of

southwesterly winds or representing pa3sicle s31ching in the western

Gulf after the passage of intense northeast 5::Orms and low-pressure
systems. T.5e instances of northerly flaw during the winter season slao

point to possible breakdcwn of the Gu..f cf Maine gyre into several

g3 localized eddies at that time of year (Csanady. .974). Surface flew was
; '

,

''- generally at least 10 times faster than near-botten flow. The surface
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flow was usually southward and offshore, cut past Cape Ann, whereas the |||
sea-bed drifters shewed bot:cm flow almost always u'. h a southwestern
ecmpenent teward shore. This is probably due to ".he dcminance of north-

east s*,orms, which appear to drive much of the bottem flow, and also to

the compensation flow of saline waters intruding landward at depth below
seaward moving surface layers. Orifters released cut to abcut 5 to 6 n

mi offshore generally strand between York, Maine and Cape Anni but
seaward of this area, the higher number of distant returns and signif-
icantly icwer recevery percentages document the deminance cf the Gulf of

,

Maine pyre flowing southward teward Cape Cod.

2.2.2 Atmoscheric Influences,

2.2.2.1 Prevailina Winds

Winds play an important role in near-surface water-mass trans-
port, especially close to shore. Local wind data, which have been

collected centinueusly by tiAl frem January 1973 to date at Hampton Beach
State park (lecatien map, Figure 2.1-3) , and wind data collected at the

Seatrock plant site (pstiH , 1973) have documented that prevailing winds
are from the west a. d northwest but that highest speeds have generally
been frem the northeast. Rose diagrams frem the fall and winter season,

when offshore waters are typically unstratified,shcw a prevalence of
winds from the northwest with secendary peaks frem the couthwest and
northeast. Ecse diagrams frem the spring and sum =er season,when off-
shore waters are typically stratidied, show that winds cemmon at this

ti=e of year are generally light and variable with less tendency for any
preferential directions. As during the winter, strengest winds are frce

the northeast in cenjunction with " northeaster" storms.

When prevailing winds move near-surface waters away frem the
coast, subsurface waters move upward to replace them in a precess called
" upwelling". This phenecenen has been focumented in the western Gulf of
Maine by ::AI (1975f), Hartwell (1975), r. angas and Hufford (1974), Graham

.
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h_ (1970a), and Longard and Banks (1952) . This appeare to be an imon-tant
*

process for bringing nutrients into the more-productive nearshore areas.,.

i,

i Likewise when winds are onshore, the opposite process of "downwelling" {
or plunging of coastal waters seaward along the bottom can occur (NAI, !

,

1975 f) .
,,

strongest wind effects always accempany northeast storms.

During these storms near-surface waters are often carried southward at i

speeds of up to 1.0 kn or greater. I
t

!

2.2.2.2 Storms
i

Based on all of the NAI current-meter data which have been col-
lected from off Hampton Beach, it appears that storms and associated |3

[ winds play a key iole in the large-scale water-mass displacement of the ;

western Gulf of Maine and appear to help drive the general counterclock- |
'

wise circulation of the Gulf of Maine gyre. In general, low-pressure -

i
systems moving across the reglen cause the stormiest conditions and the ;

,O most-significant vind-stress effects in nearshore waters (Beardsley and (
,Butman, 1974). Two basic patterns have been, observed over the years. ;

{- [
'

The first~ pattern is when a-low-pressure Jystem moves slowly '

.
- e

northeastward up the Atlantic coast, some 50 to 100 n mi offshore, over
Georges Bank and past the Maritime provinces out to sea (Figure 2.2-5),
The counterclockwise wind circulation of such storms means that winds.j
from the north or northeast blow from across the Gulf of Maine, " lash-

ing" the coast as a typical "nor' easter" or northeast storm. St:h

storns have long been recognized as the most influential to this_ coast,
I especially from the viewpoint of beach erosion (Hayes and Boothroyd,
1

|
1969), and seem to consistently result in strong southward flowe-along

~

the coast (Hattwell, 1976).
!

.

The second pattern is when a. low-pressure system moves slowly
northeastward over the Great Lakes, up the St. Lawrence River valley,

j and over eastern Ganada out to sea (Figure 2.2-5). In this instance the

winds in the Gulf of Maine are from che southwest or south on the oppo-

4.--_,,._._.-_____.._._,
-
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site side of the storm's counterclockviso circ"'stion pattern, typically
resulting in northward flows a: .39 the coast.

I.
.

In either case, nearshore waters seem to respond very quickly
' to the storm winds, probably owing to the relative shallownees along the

coast. Frequently, ambient ceastal flows may be 180* opposite to the'

stom-generated currents. For a period of a day or two these opposite-

nearshore and offshore flows may continuet but eventually the stormi

effects become dominant (provided the storm has been strong and persis-g,

[ tant enough) and both nearshore and offshore flows become coupled,
flowing in the same direction (Figure 2.2-5) . Once the storm passes,
the nearshore waters are again the first to return to more-normal con-

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

4
Thus storms and accor.panying winds, especially ther, of low

'

pressure systems, play an important role (along with tides and not
- residual drift patterns) it. ceastal water-mass dynnics 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 docume'nted in NAI (1975f) . This phenomenon creates coastal.,

}., jets or pulses of flow which frequently dominate coastal circulation.

Such coastal jets have been described by Csanady (1972) in Lake Ontario
j (a freshwater body which is somewhat smaller than the Gulf of Maine)

and Scott and esanady (1976) 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
I. become " coupled". As was seen in some of these examples, shearing is

. c
also important and flows at times can be quite complex.

.

2.2.3 Tides

'Tides which have been measured continuously 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 National

.

M '
,
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Oceanic and Atmospheric Administratien-National Ocean Survey U;CAA-NCS)
tide-table predictions (MCAA-NCS, 1976). In general, the mean tide

range is about S.3 ft. Spring tides have ranged as high as 12.5 fts

wnereas, neap tidet have ranged as icw at 6.0 ft. L'nder storm cendi-
tiens abnormally high tides are of ten ebserved. In general, these tides

are of the mixed, semidiurnal type with a small (1 to 2 f t) diurnal

inequality which is most pronounced during spring tides (Figure 2.2-6).
The change in tida height (high or icw water) and tidal-current direc-

tion generally occurs 15 to 30 min earlier offshore than inside Hampton
Harber. Meadurements of tide height and times of high and low water at
the mouth of the estuary in August 1974 showed that recorded heights at
the Hampton Beach Marina were as much as 6 in. higher ad occured 3 to
10 min later than on the coast (NAI, 1975a).

.

2.2.4 Water Temeerature
.

2.2.4,1 Ambient Variability |h

Large temperature changes cccur in shallew, partially isolated

waters of coastal oceans such as the Guld of Maine. These variations
are well beyond anything found in the open ocean. Winds, for instance,

affect water temperatures to a marked degree. On the Atlaatic coast,

winds coming frv. the centinent are much warmer than the ocean in

su=mer, 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

those winds usually cause extensive evaporation when they blow across
coastal waters (Gress, 1972). Off Hampton Beach the highest surface

water temperatures are generally in the mid 60's 'T but temperatures as

high as 76 F have been measured. Lewest surface-water temperatures are

conto 11ed by the point of initial freecing of seawater, which generally
is about 28.4 F depending en the surface-water salinity. In winter, sea

ice frequently for=s, especially in Hampton Harbor and other small
estuaries where cooling is rapid due to the large surface area and small

volume of water present.

- - - . . - - - . _ - _ - _ -- _- . - --. - _ _ _ _ _ , _ -
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The ccastal waters off Hampten Beach and in the '-estern Gulf |||
of Maine cut to at least 9 mi or more offshore undergo an annual cycle
which is representative of the natural variahility of ecastal waters,

caused by factors such as: tides , winds, solar radiation, waves ,

storms, upwelling or downwelling, rainfall, evaporation and estuarine

thermal plumes.

Tecperature measurements frem the monthly plankten cruises

have documented f ar-field ecndi tions to the north and south of Hampton
Beach. Metr-Ourface measurements have shewed a tendency for the temp-
eratures further offshore to be slightly warmer than these along the
coast during most of the year. However, in the summer, the estuarine

ntatiens and stations close to shore were generally varmer. These

patterns are pri.arily the result of radiatienal warming in the estuary
and shallow ccastal waters during the summer and radiatienal cooling
during the winter.

.

Measurements made at the discharge site (Mooring 12) during a.

typical year fur near surf ace and near bottom at high water and at icw
water (T17ure 2.2-7) 111ustrate the tendency for near-surface tempera-
tures to be colder at low water during the winter months, because of

scooled ebb-tidal waters flushing frem Hampton Harbor and adjacent
estuaries. Correspondingly, near-surface temperatures are warmer at icw
water during the su=mer ncnths, because off shore waters are cooler than

the warmed ebb-tidal plumes frem Hampton Harbor and adjacent estuaries.
Thus en the flooding tide during the winter, near-surf ace waters tend to
become warmer, and during the summer they tend to beccme colder, as water
frem further offshore displaces water closer to shcre the converse is

true on the cbbing tide. Near-bottem waters show less variability; but,
there is a tendency for icw-water conditions to be slightly warmer than
high-water genditions. Highest mean near-botten temperatures were

observed during September, lagging behind highest surface temperatures
because of the presence of the thermecline.

O
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Warming of surface waters during the day readily occurs,
especially in areas such as Hampten Harbor, which are prctected frem
winds and waves. This variatien Occurs despite the large heat capacity
of water and the ability of the Gulf of M.aine to mix the additional heat

to considerable dept;s beneath the ocean surface. In the absence of

other influences, surface water temperatures are generally highest in
mid-af ternocn and lowest at dawn. At midnight the water column is

,

nearly isothermal. Cooling centinues througe.out the night so that by
dawn, the surface water is ceoler than the waters at depth. After the

sun rises, the surface layer is warmed by noen the surface layer is
distinctly wamer than waters i:. mediately below the surf ace. Warming

continues until late afternoon, when the surface tc=perature is highest.
Later, the surface layer begins to cool and is slightly cooler at dusk.
During the night, the surface waters cool until the water column is

again isothermal around midnight (Gross, 1972).

Tides cause temperature changes in coastal waters by moving
water masses of different temperatures and by causing vertical mcvements ||g
of waters. Tidally induced temperature changes are especially notice-
able in sha11cw areas such as the Hampton Harbor estuary. In such salt

marshes, water temperatures are highest on a su=mer day after the water
has flooded the marsn. The water is warmed by contact with the warm

marsh sediments and directly by absorption of solar radiation. Thus '

water coming out of the estuary on a summer day is of ten in excess of 12
F degrees warmer than offshore waters. Likewise when the tide rises,

bringing coastal waters into the estuary, it is much colder than the
water that flowed cut several hours earlier (Gross, 1977).

Variations in hourly average temperatures further illustrate
the dynamic nature of these waters. F.namples of typical mid-summer data
(August 17 to 31, 1976) frem of f shore =corings, mcorings in the Rocks
area, and Hamptun !! arbor estuary show changes of at least 2 to 6 F
within 1 hr, 5 to 12 F within a tidal cycle (12.3 hrs) and 5 to 13 F
over a day (Figuru 2.2-3). Even during the winter, such as January 17
to 31, 1976, rapid fluctuat10ns over shcrt periods of time have been

1
.
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observed at all of the NA moorings (Figure 2. 2-9) . Iata frem the rest |h
of the year show ccmparable variability (NAI, 1977).

To further docu=ent the ambient variability of the waters

around the Inner and Cuter Sunk Eceks, where concern has been raised

that backflushed thermal plu=es could have an i= pact, late-su==er

measurements of vater temperatures in tide pools have t.'cwed :=hient

at's of at least 2 to 7 F in Septe=ber. Similarly, data takea fr.m

continuous monitors closest to the Rocks area at the time of highes-
annual temperatures have shewed ambient temperature differences (ambient

bottem versus Rocks area) of 2 to 19 F from either the nearshore or
offshore intake sites (Table 2.2-2). In general highest daily temper-i

atures cccur during the ebbing tide and around icw water in response to
flushing of the warm ebb-tidal pitm4 cut of Hampton Harber estuary (see

s

example from Jcne 19, 1975 in Figure 2. 2-10) . A=bient variability

around the Rocks is =uch greater than anticipated temperature rises frem i

plant operation, or even from the several hours of a typical backflush-

ing operatie:.. Furthermore;at the times of' maximum temperature rises at
the Rocks, flows most often are seaward which would tend to carry any
backflushed waters away from the Recks and minimize add.itional temper-
ature effects. Such variability is due to the continuous complex inter-

action of factors such as: discharge cf local estuaries, runoff, pre-

cipitation, winds, tides, storms, currents, cpwelling, devnwelling,
turbulence, and the estuarine thermal plume.

Ihe projected temperature rises free operation of the Seabrock

Station circulating water system of * to 5 F or less within the mixing

:ene are expected to be the same order of magnitude as or less than

presently existing a=bient variability. Cnce in operatien it appears

likely that, as the plant's thermal plume dissipates its heat to the

atmosphere and is mixed by ambient currents, it: far-field latent

temperature will be al=cs: impossible to separate from ambient varia-

bility. 7-daad the tamperature data which have been ecliected over the
'

=c-a --an 4 years of intensive studies show that the 3T0 output of

naturally heated waters frc= Hampten Harbor estuary on c typical summer

!

!
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TABLE 2.2 2. AMBIENT TEMPERATURE DIFFERENCES (F) SETWEEN ROCKS AREA
AND INTAKE SITES DURING PERIOD OF HIGHEST OBSERVED ANNUAL
TEMPERATURES IN 1973, 1974, 1975 AND 1976,

E fHEAR $ MR! 1*:!Att $!?! ! 0F85#0Rt |NTAA( $1?!

APGt01|MTI AP840214 Aft *LV(R.A?JR( AD990XtM4tt ?gwettArgut
Call,7 VIIN4

M IL Y *A t.|:*'w
JM O!FT(1(401 MIL 7 *AI!.*,M M rtag3;g

1'Jarret stAn 107 . tt'.AT vt NCAA BOTTOM 4(LAtiy{
MT! ?OftRATJAt iLwritAraR( 'O 40CX3 AAEA ?tN(UTJR( 'O 10CT,3 AA(A

4 26 73 64.0 9 10.2 15.8 $7.0 9.3
4 27.-73 47.0 St.2 15.4 $8.0 f.0
8 26 73 64.0 13.2 L2.4 54.2 7.4
4 11 73 47.J 18.3 12.0 40.2 P.0
63073 47.1 $3.2 12.J 54.2 9.3
41173 ?0.0 57.0 L3.0 $7.S 12.S
9 01 73 72.0 14.0 14.0 14.0 16.0 .

6432 73 75.5 19.4 13.7 14 1 17.4
9 03 73 74.5 14.0 16.3 59.0 ll.S
9 04= 73 ,74.0 St.S 14.5 14.3 17.4
9.Cf. F3 73.0 65.3 7.5 62.3 11.0
9=06 73 11.8 54.2 1J.2 59.0 L2.3
9 07 73 ?2.0 31.0 11.0 14.0 ;8.0
90473 70.4 31.0 19.0 $3.2 16.4
90973 E8.0 11.0 14.0 12.3 LJ.1
9 10 73 64.0 11.0 L3.0 12.0 14.0

I81274 43.0 $5.4 ?.2 11.0 4.0
6 13 74 43.7 17.8 3.9 12.4 M.1 '
6.L4 14 64.9 14.4 4.1 15.9 9.0
4.L3 74 64.4 60.0 4.8 54.3 10.3
6.Lt.74 68.2 17.9 7.3 $2.4 Li.6
bt?.74 63.9 12.1 11.8 St.9 12.0
bt6 74 43.9 $1.5 L2.4 $2.0 11.9
btp.74 45.0 13.3 L1.7 12.0 13.0
4 10 74 44.4 40.0 4.8 54.0 ;2.4
4 11 74 45.3 60.7 4.4 53.0 12.5
6 12 74 45.7 14.6 4.9 $3.5 12.2 ,8 23 74 44.0 17.0 9.0 13.2 14.0 '

6 14 74 65.9 87.8 S.1 12.8 13.4
4 23 74 44.0 40.0 6.3 13.0 13.0
6 26 74 41.3 61.9 3.4 54.1 14 .0
6 27 74 03.0 St.1 4.9 14.L 4.9

9 09 73 65.3
4 10 71 64.4
6.L1,71 64.0
4.k2 71 67.6 43.4 4.0 35.9 11..
61275 44.9 ,

8.L4 71 .7.0 |
i

4 13 ?S 44.3
8 44 75 44.0
41771 44.0
4 14 75 67.2
6.LS.75 45.7 41.2 4.5 14.4 1.4
6 10 71 44.4
0 11 75 44.3
b22*?S 42.8
6 23 71 64.4
4 24.?1 45.7
4 23 75 40.4
4 26 73 61.3 17.3 4.0 $1.4 9.7
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7.9 14 4 13.4
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day can be at least two to three times the equivalent amount of waste

which Seabrook Station would discharge in the same time period.

,

2.2.4.2 Mean Vertical Profiles

~'
Mean temperature profiles from offshore slackwater survey

stations during 1975 are illustrated in Figure 2.2-11. Starting in

Neverter and December with essentially homogeneous thermal conditions
,

frco near surface to near botten averaging around 46.4 to 48.2 F, temp-
eratures dropped sharply in the early winter. Coldest temperatures

occurred during Fabruary, lagging about 30 days behind the minimum

atmospheric temperature observed during the year. At this time there

was also some thermal inversion of coastal waters, wherein the near- ,

surface temperatures were several degrees F colder than those at depth
because of radiational cooling.

Frem the isothermal conditions in March, the water colu=n

showed a gradual w.trtting trend as the spring season progressed (Firc e
2.2-11). By May and June the development of the seascnal therrocline

was well along. By mid-su=mer the coastal waters showed a strong ther-

=al stratification with a variatien of 13.3 to 14.0 F between near-
surface and near-bottom depths. Maxi =um near-surface temperatures

occurred during August, lagging about 30 days behind the maximum at=os- '

pheric temperatures observed during the year. During September and

early October, the stratification broke down rapidly and teeperatures
'

became more hemegeneous from near surface to near bottom.

2.2.5 Salinity

Salinity extreres occur in coastal watsrs where excess fresh

water discharged frem the centinents is mixed back into the. Ocean.

?fpically ischalines tend to parallel the ocean beundaries, reflecting

dilution along the coast and greater net evaporation further cut to sea
(Gross, 1972).
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|In general, water entering the Gulf of Maine is either:

1. Runoff from the continents,

2. Rainfall, or
#

3. Northwest Atlantic water (salinity about 34 /co:

Bigelow, 1927).

The fresh water is mixed with salt water in estuaries before it reaches

the Gulf of Maina proper or falls as rain across the Gulf. The salinity

of this estuarine water varies considerably, depending prirarily upon

the size of the drainage basin. The largest source of freshwater run-

off in this portion of the western Gulf of Maine is the Merrimack River

(Manohar-Maharaj and Beardsley, 1973). Next largest is the Great Bay

System (including the Piscataqua River) folicwed by the Hampton Harbor

estuary; other nearby sourras include the Parker River estuary, and

iEssex River estuar/ (Figure 2.1-2). These estuaries typically release

waters as fresh as 20 o/co, causing a well-defined coastal halocsine
O,during much of the year. Offshore these waters beccme c11uted with the

34 /co waters frem the Northwest Atlantic.
.

.!

2.2.5.1 Ambient Variability

Near-surface measurements frem slack-water surveys have showed ,

offshore salinities to be generally quite uniform; however, in Hampton

Harbor estuary, values down as low as 70.9 /co have been observed (for

example September 29, 1975; Figure 2.2-12). These surveys have docu-

mented salinity variations of as much as 10 /co within the estuarf over

a single tidal cycle; more typical variations were 2 to 6 /co between

tidal cycles (NAI, 1977).

Salinity =easurements frem the monthly plankten cruises have

doeurented far-field conditiens to the north and south of Hampton See.ch.

||As with the slack-water survey data, near-surface measuremants have

showed icwest salinities generally in Hampton Harbor er off the mouth of
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the Merrimack River estuary (for example Oecember 16, 1975 in Figure
2.0-13). Salinities at stations off Hampton Seach were generally
homogeneous.

?fpical measurements made at the discharge site (Mooring 10)
during 1975 for near surf ace and near bottom at high water and low water

show that mean values for near surface were around 31 to 32 */co with
lowest values during the fall (28.5 /oa in late September and 29.7 /oo
in mid Noveder) . Near-bottom salinities were slightly higher and =uch
less variable, ranging from 31.0 to 32.8 /co. In general lowest salin-

ities were observed at low water, reflecting the influence of the ebb- i

tidal flows from Hampton Harbor and adjacent estuaries ( ttAI , 1975 f) . -

>

2.2.5.2 Mean Vertical Profiles
1 i

Mean salinity profiles frem offshore slack-water survey sta-
tions during 1975 further illustrate this annual cycle (Figure 2. 0-14) . i

<

in December the water was essential 3y ischaline frem near surf aca to
near bottom, averaging around 31.5 to 32.0 /oo. Salinities increased

during the winter with near-surface values always being less than those
at depth. During March, April, and May, near-surface salinities dropped
sharply to 30.0 /co and lower, for ing a distinct halocline. This.

reflected the typical spring runoff of fresh water into the western Gulf
,

of Maine. Curing the summer months, salinities increased again but the
,

halocline was less evident. In September, Octo'oer and November, in-

creased runoff reestablished the halocline again, showing surface-to-
bottom variations of up to 2.0 /co (Figure 2. 2-14 ) . In the late fall

the onset of =cre-intense winter storms, in the absence of the seasonal

thermocline and decreased runoff, brought increased vertical mixing and
return to the ischaline conditions of Oecember.

4
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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. In the late fall the waters are more
s -

homogeneous frem 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.

s

This annual progression or cycle is prL- 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- 15 to 17 and Table 2.2-3) :

I. DECEMBER WATER MASS
,

() Beginning in December, waters in the study area typically show
) a vartical homogeneity frem near surface to near bottom. Temperatures

range _from 40.6 to 44.5 F (4.8 to 7.0 C) and salinities average from

31.1 to 33.2 /oo. ' This vertical uniformity probably results from
,

atmospheric _ cooling and vertical mixing of the water columa associated

j with breakdown of the seasonal thermocline, shallowing of _ the halocline

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

I

l. II. WINTER WATER MASS
I

'

i

l:
- From January through March both near surface and near-bottom

(- waters undergo pronounced coo;ing' down to 41.0 to 35.6 F. Through much

of the winter, near-surface temperatures are slightly cooler than those

; of near-bottom waters, resulting in a weak reversed or negative thermal

s tratificatien. Coldest temperatures generally occur during January and

February, lagging about 30-days behind the minimum at.tospheric tempera-
tures observed during tne year. Salinities remain about the same as in

. _ _ . _ _ _ _ _ _ _ . _ . . _ _ _ _
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.f'T TABLE 2.2-3. TEMPERATURE AND SALINITY CHARACTERISTICS OF COASTAL WATER-
V MASS TYPES OF THE WESTERN GULF 0F MAINE.

'

;

p,
TEMPERATURE SALINITY,

RANGE RAEE
WATER MASS F C Ojoo

December Water 40.6-44.6 4.8- 7.0 31.'-33.2

[' Winter. Water-
(January to March) 35.6-41.0 2. 0- 5. 0 ' 31.1-33.6i

Spring Transitional Water
,

i. (Marca to June) 39.2-50.5 4.0-10.3 27.7+?l.0

Summer Surface Water
(June to September) 53.2-68.5 11.8-20.3 28.0-32.0

,

.

Bottom Water
i ~ (April and May) 38.5-43.2- 3.6- 6.2 29.9-32.2
'

(June to September) 44.2-53.2 6.8-11.8 30.9-32.4
(October to Novemser) 45.3-51.4 7.4-10.8 32.2-31.9

.

Fall Transitional Water
(September to: November) 44.2-55.4 6. 8-?.3. 0 30.8-32.0

.!

L

,.

.

i

. .

.-

t

t

l'
-4,.

'b
.

!
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. _ . . . .
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hthe Oecember Water Mass.(31.1 to 33.5 */co). Thus at this time of the

year, coastal waters are well-mixed both hori:entally ed vertically.
t

HI. SPRING TRANSITIONAL WATER MASS ~'

f

Freshwater rmoff, coupled with at=ospheric heating and ,

decrease in storm frequency, causes major changes in the te=perature and

salinity characteristics of the near-surf ace waters whereas only minor
_.

effects are observed in the deeper waters. In March, the development of

the surface layer is typically initiated by an increase in freshwater

Irmoff which lowers salinity in the surface waters and prerotes stabili-

:stien of the water column. The characteristics of the Winter Water

Mass are maintained in the deep water as the Transitional Water Mass ;

develops. In early April, at=ospheric warming promotes development cf

the annual thermocline. Initially, the depth of the ther=ccline coin- 1

cides with the depth of the halecline, suggesting that the war =ing of

the surface waters occurs after the surface layer has been established h
by river runoff. The gradually rising te=peratures average 39.2 to 50.5 g

F with highest values in June. Salinities show a narked decrease frc=
ithose of the Winter Water Mass, down to 27.7 to 31.0 /co. This results

frc= spring rmoff and leads to the development of a sharp halocline

which typically is =ost proncunced during May. During periods of high -

estuarine discharge, salinities also tend to shew a gradient perpendic-

ular to the shoreline; i.e., salinities increase with increasing dis-

tance offshore. -

,

IV. SUMMER SURFACE WATER MASS

Ouring late spring ner -surface salinities begin to increase

again after the peak of spring rmoff has passed. By June the ther o-

cline and halecline coincide again and the su==er surface Water Mass

becc=es established. Te=peratures shcw a sharp i.-crease over -hese of
the Spring *ransitional Water Mass'(53.2 to 68.5 F). Maxi =um tempera-



l
l
4

..
* - 2.0-61

.

:p
JA / tures generally occur during August, lagging about 30 days behind the

maximum atmospheric temperatures observed during the year. Salinities
'

show an average rise cf about 1 /co over those of the Spring Transi-

tional Water Maas (up to 29.0 to 32.0 /oo). This salinity increase is

primarily due to decreased freshwater discharge to the Gulf of Maine and
'

,

increased evaporation. By late summer tne thermoclino continues to
'

deepens whereas, the halocline gets snallcwer again.

,

,

- V. BOTTOM WATER MASS

]1 The Bottom hater Kssa is observed from April through November

but typically can be divided into three phases which correspond closely'

.
to the various Surface Water Masses. April and May typically show a

warming trend (38.5 to 43.2 F) and moderate salinities (29.9 to 32.2

.o/co). From June to September temperatures increase to 44.2 to $3.2 F -
+-

but salinities remain about the same ~(30.9 to 32.4 /oo). During Octo- 1,

3( ' ber and November temperatures decrease again (51.4 to 45.3 F) ; onereas,.

. salinities increase to 32.2'to 32.9 /co. !

|

j.

. VI.' -FALL TRANSITIONAL WATER MASS )
,e '

1
11,

Development of this_ water mass generally occurs when-the
*

halocline is reestablished by a secondary pulse of freshwater discharge

into the Gulf of Maine. By this time of the year, the progressive break-
|

|
down of the thermocline is brought on by increased major storm activity+

:and vertical mixing. Temperatures decrease from 55.4 to 44.2 F and

salinities decrease to 30.6 to 32.0 /oo (Table 2.2-3) . By November
I there is no _ thermal' stratification and the halocline becomes shallower-.-

again. By December maximum hemogeneity is evidant throughout the wa,ter
: olumn with no distinguishable surface layer. Thus, the development and

I - maintenance of the surface layer is a result of low salinity water-being

discharged from the estuaries, rather than the presence of a thermo-*

'

- 1 cline. - The freshened surface layer persists in the f all, even though

there was a lack of thermal stratification.

_

.. - _ ._ .___. - . . _ - _ _ __ _ . _ . _ - _ _ ._ -
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2.2.7 Dissolved Oxyce._n_

T1.e monthly slack-water sur/eys and plankten cruises have

documented the dissolved oxygen conditions in coastal waters. For "

example, measurements made at the discharge site (Mooring 12) during

1975 for near surface and near bottom at high water and low water are -

,

presented in yigure 2.2-13. Highest values were observed during the

late winter, spring and early su==er (about 9.0 to 11.6 mg/1): whera.as
'

lowest values occurred during the fall (down to 7.0 mg/l in November).

No consistent pattern was observed between tidal stage or water depth,

suggesting that dissolved or/ gen follows a seasonal cycle related ta

planktonic photosynthes:.s, ta=pe.rature and salinity but at any given

time of year, it is essentially homogeneously distributed. 1

The percentage saturation of dissolved oxygen for Meoring 12

over the same time period is also su==arized in Figure 2.2-13. During

the winter and spring, concentrations gradu' ally ::se from about 90% to
around 105%. Cver the su=mer,near-sur' ace waters were highly super-
saturated (up to 120%); whereas, near-bottom waters were generally
undersaturated (down to 90%). Lewest concentratiens were in November

.

(near bottem down to 754) . Again no censistant difference between tidal

stage or water depth values was observed.
.

I

2.2.8 Sedimentolocical Conditions

2.2.S.1 Sea-Ficar Stability

Measurements of the exposed heights of paired sediment stakes

at eight loca ions off Ha pten Seach have provided data on relative

bottem stability and possible sediment transport over =cre than three

years of =enthly observations (MAI, 1975f and 19773). All of the sedi-

ment stakes have documented numerous erosional and depositienal cycles
of up to 9 in.or 22.9 cm but these have generally resultad in little net

change at test locaticns. The most pronounced changes have been asso-

_-____-_________-____ ______ -
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ciated with northeast storms when strong near-bottom currents and large *

waves affect the sea flocr however, the storm effects are Ocmpensa*.ec

by transport processes which tend to accumulate sediment under non-stonn

conditiens. Thus the sea ficor off Hampton Beach appears to be in a

state of dynartie equilibrium.
.

,
1

2.2.8.2 Suscended Sediments

!

The suspended load of particulate tatter bt offshore waters is

largely the result of discharge of suspended sediments frem freshwater
i

runoffs re suspension of tidal-flat sediments by wind, wave activity,

and subsequent seaward' transport out of estuaries; and biological
growth. Total par iculate concentrations off the New Hampshirs ccast

frem the mouth of the pisc taqua River to the 500 4t contour in Jeffreys
,

Basin, as measured durin' .971 and 1972, shewed large fluctuations; but

in general, the wint wnths had the highest concentrations and the

su==cr months the icwest (Ward , 1972 ) . Highest organic concentrations

were of ten seen during increases in total particulate concentrations,

excluding the phytoplankten bloems, indicating that the increase in

particulate concentrations can be largely attributed to inorganic a

sources. Generally about 35% of the total particulate matter was of an

organic source.
.

;

According to Shevenell (1974), turbidity in the coastal shelf

waters is characterized by a near-surface :ene and a near-bott:m :=ne of

increased turbidity during ti=es of density stratification in the water

colu=n. When this density stratif_;ation broke down, an offshore gradi-

ant in turbidity was observed. The dispersion of sediment-rich estua-

rine waters into the coastal shelf waters was centrolled by the density
gradient. =etween the two water masses. Oata en light transmission

showed near-surface and near-bottem turbid enes during most of the year
with a middle :ene which had much less suspended material. From these

data, it appears that the surface turbid layer is primarily due to

phyt plankten and to a lesser extent to particulate matter from estua- h

+
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O rine discharge. This latter component was not readily noticeable duringr

the summer months. The bottom turbid zone is primarily due to re-
~

- suspension of bottom sediments by scouring associated with water cur-

rents and long-period wave action.

.

2.2.9 Hamoton Harbor Estuary
,

*

2.2.9.1 Sedimentological Conditions at the Inlet

The Hampton Harbor estuary inlet was subject to northward and
,

t' southward migration in response to coastal storms; but in the early

1930's, it was stabili:ed at its present location with breakwaters

- constructed by the U.S. Army Corps of Engineers. Depths in the main

channel are somewhat variable due to shifting sands, storm effects, andi

periodic maintenance dredging. In general it is about 20 to 30-ft deep

. . (at MLW): at the Route - 1A Highway Bridge- and shoals considerably a short
- distance to the east to about 6-ft deep (at MLW) in the main navigation

channe1. The shallow - 3 to 4-f t- deep (at MLW) sand bar or " sill" stretch-:

,
_

ing from the northern breakwater to the Inner Sunk Rocks is formed by

L sand eroded from Hampton Beach and transported southward by the littoral-

longshore drift, especially during storms. This channel requires rou-

[ tine dredging every year to keep it open.

!. 2.2.9.2 Turbidity
L ,

,

- During the fall of 1975 NAI conducted a special study to

| .,- determine ambient turbidity levels in Hampton Harbor estuary under
L n
; | varying oceanographic and meteorologic conditions (NAI,,1976e) . The

.
mean turbidity reading in the main harbor near the proposed barge land-

i

ing site on September 17,-1975 under normal or relatively " calm" condi-

tions was.1.43 FTT s (Formarin Tu,rbidity Units) . After the northeast

! storm of October 18 to 21,1975, the mean turbidity was 3.92 FTU's, an

( increase of 2.73 times. Likewise, the control station in the Blackwater

u

|
-

?..
*
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.-River showed post ~-storm turbidity 1,56 times that of calm conditions.
However, near the proposed plant site south of the Browns River, tur- i,

bidities - (as high as 36.0 FTU, measured with the Nach turbidimeter) !,

showed no relationship at all to storm events.'

. , -
.

Results of this study showed that there was generally a two-
m

to three-fold increase over " calm"-condition turbidity levels in Hampton '!

Harbor estuary following a coastal storm lasting several days. In

general,-turbidity appears to be invarsely related to the stage of tide. 1
i

During high tide, turbidity levels are lower, possibly due, to the

influence ofJ1ess-turbid offshore waters wnereas, at low tida turbidity q
1evels tend to increase. This relationship was most apparent at the

-3rowns River site. Ambient turbidity levels as high as 36 WJ's and-72
.

'
mg/1- total non-filterable residue were measured within the upper reaches

of the estuary. -Curing stormy periods-especially in the winter, ele-
9,

vated turbidity levels such as these have been seen to persist for weeks

'at a time both in Hampton Harbor and offshore.

.

2.2.9.3 Tidal-Hydraulics e
o-
}, _ I

.'

Under natural conditions, current speeds at the estua / inlet
,

range from~about zero to as =uch as.2_to 3 kn on spring; tides; maximum
flew through the inlet may-reach nearly-18.0 x 10 gal / min (gym) or more.

.

3 1,than 40,100 ft /sec (cfs), The average flow on a typical flooding tide w

6
-is about-9.B x 10 gym or 21,835 cfs. over a period of'12 hrs-and 30

9 .,= min,--under typical conditions, about 3.7 x 10 gal of water. first enters -i

:and then leaves the estuary on one flood.and ebb tide cycle.- At low- ^

water slack tide,-a-mean of approximately 500 x 10 gal of-. water is c ,

estir.'ated to remain in the estuary.' Thus, the-total average flood tide,

volumeoftheestuaryis-approximately4~.2xlokgal. Expressed on a--

h -percentage basis, about Bat of the estuar/ volume _ leaves and returns en'
each ebb and ficod tide cycle. At low-water slack tide,~the estuarine ';-

residual is approximately 12% that of the total volu=e of the basin.

Only about.6% of the. ebb tidal plume returns to the estuary on the next
tidal cycle (I3ASco, 1969),'

f

a

f-
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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 adjacent ocean waters of the western Gulf of Maine. In the summer,

the estuarine waters are generally warmer and fresher than the ambient

ocean waters offshore because of solar radiation and land runof f. In

the winter, the estuarine waters are generally colder than offshore
,

waters due to solar insolation, but are still fresher because of land

runoff. The ganaral, circulation and flow pattern of these waters can be

summarized as follows (Figure 2.2-19):

i I. EBB TIDE

During, ebb tides in the absence of storms and winc stress
;

effects, coastal waters off Hampton Beach seaward of the Outer Sunkr~s

{' Rocks generally flow southward or. southwestward parallel to the coast at'

t'
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

da"
,

.

Ebb-tidal currents from the estuary flow-through the inlet

(slightly southeastward), reaching speeds in excess of 2 to 3 kns due to
the constriction caused by the breakwaters. The sill to the north of

the inlet causes most of the water flushing out of the estuary to flow

through the dredged navigation channel and southeastward, where it

r generally forms a distinct near-surface plume in the offshore ambient .

s ocean waters.. As noted previously, this plume is comprised of less-
dense warm and fresh water during the succer 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. Curret.t flows at the proposed
/

( nearshore intake site are generally weak (0.1 to 0.15 kn) and toward
the northeast during this phase of the tide.

, ,.
l-

..

-w.- -- --
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Figure 2.2-19. Diagrammatic. representation of typical flow patterns into
i and ou: Of Hamoton Harcor estuary ove. the course of a

tidal cycle; eco tide (t:p) and flood tide (bot :m).
?
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II. LOW WATER

Becacse of the fatural tidal lag in coastal waters, low water

and the changing of the tide generally occur about 15 to 30 min earlier

offshore than in the estuary. Offshore tidal currents weaken as the

tide chane,es, gcing through a series of rotary directional changes but.

rarely becoming " slack" for very lone, dold, salty ocean water begins
to flood landward into the estuary at depth, while the fresher estuarit.e

water is still ebbing seaward near the surface. Slack-water occurs at

slightly different times from place to place within the estuary, but

generally lasts only about 15 to 20 min.

III. FLOOD TIDE

Once the tide changes offshore seaward of the Cuter Sunk
.

Rocks, flood-tidal currents generally flow northward parallel to the

coast. As noted previously, these tidal currents are generally only

observed when atmospheric conditions are calm, in the absence of storms
and wind-st:ess effects. Near the mouth of the estuary, ocean water

flooding northward along the coast at depth begins to intrude into the

estuarf along the bottom of the channel, turning sharply toward the

northwest as it moves landward through the inlet. Near-surface flows in

the residual ebb-tidal plume south of the Inner Sunk Rocks are generally

weak and variable. At the proposed nearshore intake site, weak tidal

currents begin to flow toward the southwest as the tide changes.

By mid-tide, the entire water column is ficoding strongly

toward the northwest into the mouth of the inlet. There is also a well-
<

devel; ped flow southward across the sill and into the estuary. At this

stage of the tide, flows are northward at the proposed discharge site at

about 0.15 to 0.25 kn and southwestward at the proposed nearshore intake

site at about 0.2 to 0.15 kn.

By late-flood tide, the streng landward ficws of up to about

1 kn toward the estuary begin to slacken. Although scme of the waters

|

- - . ___ ______
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frem the residual ebb-tidal plu=e have been carried back into the escu-

arf, most of the water has actually been drawn from depth at the harbor

mouth.

IV. HIGH WATER
.

As during icw water, the period of high water and any attend-

an: " slack' current conditien generally occurs about 15 to 30 min

earlier offshore than in the estuarf. Near-surface waters frcm the

estuary begin to ebb seaward, while flood-tidal currents at depth

continue to intrude landward.

.

V. ENTRAINMENT EFFECTS

A relatively small portien of the ebb-tidal plu=e flushed out

of the estuarf would =ove northward where it would be subjected to
entrain =ent by the proposed nearshore intake for the Senbrook Station.

During tha flood-tide, proportionately more water entering the estuary
would be st :jected to entrainment; but it is still only a small portion

of the total flood-tidal prism of the estuarf. No entrainment of water

desmed to enter the estuarf would occur at the of fshore intake site
because of the site's distance offshore and depth.

2.2.9.5 Probability of Estuarine ,gr: of Coastwise Drif tina
Organisms

During the surmer of 1975 NA: conducted several special
studies to provide additional infor=ation on the potential entrainment
i= pact of either of the proposed Seabrook Station intakes en the plank-
tenic organis=s f:und in the ceastal waters off Hampton Beach (::AI ,
1975b). The lartae of the sof t< shelled clam, Nya arenaria , which are
available ir. the near-shore waters for recruitnent to the varicus estu-
aries along the coast of the western Ccif of Maine were of special concern.
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O A drifter study was ccnducted to evaluate, on a probabilistic

basis, the percentage of water contributed to the tidal pt.sm of Hampten

Harbor estuary or neighboring estuaries frem various positions and
depths of f shore. Groups of three types of .tifters were released

approxLmately weekly at icw water (and occasionally at high water) frem
June 4 through September 23, 1975 to study the menths that the plank-
tonic larvae of'N. arenaria ars generally in the water column. Driftar-

rolosse stations were approxtmately 1500 ft (0.25 n mi) apart on east-

west transects through the proposed intake and diffuser sites out to 3 n

mi offshore. These drifters, which were used to examino net-flow pat-

terns at various levels in the water column, included (1) drift bot-

ties which moved with the near-surf ace currents: (2) 15-ft and 30-ft
drogue drifters which were carried by currents at depth in the water

columns and (3) soa-bed drif ters which moved along the sea floor, of

the 13,240 drifters which ware released, more than 32% had been recovered

as of October 31, 1975.

() Concurrent to two of the drift 9r-release surveys (July 23 and
,;

August 6), subsurf ace dye releases were made at a depth of about -30 ft-

(or 9.1 m) below HLW at the offshere intage site. These releases showed

the same general flow patterns as the drif ttra and demonstrated the two-

layer flow pattern and southerly not-drif t of these coastai waters which

is especially apparent during the summer months.
i

In addition, extersive weekly sampling for M. arenaria larvae

was conducted alcng with the drif ter releases frem July 7 through Sept-

emb(> 13. With the drif ter recovery percentages as the basic hydro-

graph;c input and the observed N. arenarla densities observed along the

intake (I) teenseca as the basic biological input, possible estuarir.e

recruitment frem any intake location out to 3 n mi uffshor, was examined
,

ror the conditions of peak N. arenaria densities in the water column.

In this way it was possible to esti. Tate the numbers of M. arenaria

larvae, as e function of distance offshore and depth, which could have

been carried into the Hampt0n Harbor estuary or any other estuary.

O

.

4
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The results of t'.ese special studies denenstrate that no

ut.iqae current streamline persists totween any of the transact release

points and any estuary. Althcugh pro;ectsd entrainment of M. arenaria

larvae wi'.ich might have otherwise entered Hampton Harbor would te icw
anywhere alcng the Intake Transe::: frem the drifter releases, the off-

shore intake site appears to be one where such entrainment 10sses would

be ninimi:ed re.ative to sites either further offshore or clet r to
,

shore. Ter a continuatien of discussicn of entrainment impacts see bic-

logical section 5.3.

2.3 MARINE CCMMUNITIES'

.

2.3.1 Introduction

In general, marine plants and animals are highly evolved but

comparatively simple organi:od fcrms, reflecting an evoluti nal history
of mo e than 600 millien years. The distribution and habits of marine
biota are distinctly different fr:m those of terrestrial biota, pri:Ar-

.

ily due tot 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 algae, taking the
form of either tiny cells or massive fronds of simply organi:ed tissues

(the " seaweeds") . The richness of animal life in the sea is well known.
Of the nineteen or so widely recogni:ed animal phyla, all except one or
two ars found in the seas five of the phyla (Brachiopoda, Chaetognatha,
Phorenida, Pogenophora, Echinodermata) are exclusively marine. The

three most highly evolved groups (Mollusca, Arthr 0poda, Chordata) are
well represented.

Although the greatest density and variety of sea life is to be

found nearest the continents, even these coastal areas are not evenly
populated. Pelagic organisms (these which drif t er rsim freely in the
Ocean) are directly, er indirectly through feed requirements, required
to foll:w the movements of water masses. Senthr: (bottca-dwelling)
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'

organisms are typically strongly associated with a particular substrate

type, such as rock or sand,,

i
Sea organisms are of ten considered to be delicate and fragile,

however, in their home environment, they are, to the contrary, rugged

and resilient. Most have prodigious powers of repopulation so that the
' *

loss of even a great many individuals may be of little consequence to
the ps/ulation at large. Cf the many marine species which have survived

r epochal change (ice ages, continental drif t, magnetic field reversals,
'

I etc.), there are few which lack considerable defenses against fluctu- ,

ating environmental conditions.
>
;

In the following sections, those marine organism assemblages,
,

represented in the general vicinity of sites to be used for Seabrook

!Station cooling water intake and discharge structures, are described.
The categories in which they are treated reflect their distribution and

- habits (i.e. plankton, benthos, and nekton).

'
;
'2.3.2 Plankton
i

.

2.3.2.1 Phytoplankten

Phytoplankton are the microscopic primary producers of the
'

sea. They exist either as single cells or as groups of cells. As

primary producers, they fix solar energy into chanical energy and, thus

. constitute' the base of the marine food web. - Phytoplankton serve direct-,

ly as food for herring-like fishes, including alewife and menhaden. The i
,

movement and distribution of planhton are primarily dependent upon ocean
. ,

currents. They are net- capable of making sustained- swimming-movements
against a eurrent.

,

'

.

4
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I. NET PHYTOPLMKTON

The ph teplankten are best known frem not collecticns. Netf

voytoplankton typically undergo periods of peak A.bundance in late spring
ud, again, in fall. These "blecms" are closely tied to availability of

.ight and plant nutrients (e.g. , phosphoras and nitrogen compounds) ,

which are, in turn, generally associated with seasonal patterns of

thermal stratification and destratification (mixing) of the water

column.

The not phytoplankton in the study area are overwhelmingly
dominated by diatom species: for example, of apprcxir.ately 115 species
or genera identified frem not phytoplankten collections in 1975-76, 96

were diatoms. 1.arge, armored dinoflagellates make up the next mo:t

i.mportant groups there were nine dinoflagellate species in 1975-76
collections. These two groups predominate in nett collections not nee- !

essar11y becauce they are more numerous or represent the greater portien
of the biomass, but because they are large and have spiny structures, or

form chains, so that they are easily caught. 01 atoms and arrered dino-
flagellates are also relatively easy to preserve and their distinctive i

stractures (which retard sinking) make good recognitien characters.

Table 2.3-1 ranks the more abundant net phytoplankten in the

vicinity of the proposed intake and discharge site. It is readily

apparent that the genus Chaeteceres (all. the members of which are chain-
formers and have long spines) predominates. Thalassicsfra, and seme-

times OetenuJa confervacea, have also been numerically important, par-

ticularly during the early spring. The two Caracium species are mid-

summer to fall dcminants, while Rhl:oselenja al.sta is strictly a fall

dominant. The temporal abundance and distribution of Skeletonema cos-
catum is discussed in Section 5.1.2.

O
,



- _ - - - _ _ _ _ _ _ _ _ - - - _ _ _ _ - _ _ _ _ _ _ _ _ . _ __________ _ _ _ _ _ _ _ - _ _ _ _ __ _ - __ _ _ _ _ _ _ _ _

.

,

2,0-75

O
~

TABLI 2.3-1 RELATIVE REPRESENTAf!ON OF NET PHYTOPLANKTON IN THE !
VICINITY OF HAMPTON BEACH, NEW HAMPSHIRE. !

SPEC!ES ABUNDANCE RANK
!

1975 76 1974-75 1972-73
'

Chaetoceros debills (B) 1 1 1
'Chaetoceros fureellatus (B) 2 ND* -ND*

Chaetocerous compressus (B) 3 UD* ND*
Thalasslostra nordenskioldi- (B) 4 5 -4 ,

'Chaetoceros lacinosus (B) 5 ND* ND*
Chaetoceros affinis (B) 6 2 ND*
Chaetocerous brevis (B). 1 ND* ND*
Chaetocerous spp. (B) 8 ND* 2*
Chaetocerous diadema (B) 9 ND* ' ND*
Rhizosolenia alata- (B) 10 10 ND ,

r #ft: chia serfata (B) 11 ND ND '

Chaetoceros decipiens (B) 12 0 ND* |,
'

- Skeletonema costatum (B) 13 4 3
'

Ceratium tripos (L) _
18 6 ND

- 16 ND 23 '

Oeconula confervacea (B)
Ceracium longfpes (D) 21 7 11

f

4

*

B = Diatom.
; D = Dinoflagellate

,

L ' ND = No Data.

!; * = systematic separation of Chaetoceros spp
| varied from year to year i

l.
,

.

Y

!
!

O
.
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11. NAN 0PLANKTCN h
The term nanoplankten is used to describe that fracticn of the

plankten which passes through a fine mesh net (mesh sice: $0 to 65 um).
The sico range has never been precisely defined, and depends largely en

the author. Organisms which cceprise this category represent a wide

variety of taxa, seme of which are difficult to distinguish because of

their small sico and general lack cf reccgnitten characters. 'teve rthele s s

the nancplankten often represent a censiderable pcrtion of the bicmass
'

(especially in summer) and centribute significantly to measures of

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

Certain naneplanxters, such as the flage,11ates Isochrys ts
galbana and Monochrysis lutherL are staples. Ln the diet of cult : .6

bivalve molluscs: others such as Conyaulax tamarensis are toxic. In

additien, certain " net" phytoplankters will escape to the nancplankton
i

when cell sice has substantially diminished. These cell dininutiens are

the result of sequential divisiens and will cecur until the organism |||,
produces an auxospore, which then forms into a full-siced cell, allowing
the process to begin all cver again,

s

2.3.2.2 Invertebrate Zecolankten

1. Holoplankton

Holoplankters are animal organisms which spend their entire
life cycle drifting in the water column. Frem the standpoint of aumer-

teal abundance, usually the same 8 to 12 species of copeped crustaetans
characteristically comprise 60 to 90% of all planktonic animals in the

Now Hampshire coastal area. .Most of these ubiquiteus cepepod species
belong to the calanoid (i.e., Calanus-like) group. Of the 13 most abun-

4

dant holeplankuars in the vicinity of tha preposed ecoling-water intaXe
and discharge site, nine are calanoids. The thirteenth species en the

lAsc, Ter: anus disraudacus, is a carniversus copeped; ='' **"er species g
listed in Table 2.3-2 are herbivores or emniveres.

l

._ _....
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TABLE 2,3 2. RELATIVE REPRESEtiTATION OF HOLOPLANK1ERS i.

IN THE V!Clf11TY OF HAMPT0tl BEACH. NEW HAMPSHIRE
}

"

i
'

SPECIES ABUNDANCE RANK j

1975-76 1974 75 1973 74 1972 73-

,

;

Qithona simills (CY) 1 1 1 1, .;
Pseudocalanus minutus (Ca) 2 3' 3 6 i

Nitrosetella norvegica (H) 3 ND ND 9 $

Centropages typicus (Ca) 4 2 4 5 ;

Tenora longicornis (Ca) 5 8 6 4
'

r'

'
- Calanus finnarchleus (Ca) 6 4 10 10 i

turytemora - herdmani (Ca) 7 7 2 3.
Evadne spp. (C1) 6 6 8 2
Acartja icngiremis (Cs) 9 ttD ND NO
Podon app. (C1) 10 9 -7 ND
Acartia consa (Ca) 11 5 5 ND

') Metridia lucens (Ca) 12 ND NO ND
,

(. .

Tortanus discaudatus (Ca) 13 10 9 ND '

LO '

Ca a Calanoid copepod
Cy = Cyclopoid' copepod i

H.= Marpacticold copepod ;
'

-i C1 = cladoceran
k. ND'= No Data *

'- r

!

t" e

*
,

'..
{

d. ;

il a.
,-.t-

.

.. .
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,
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Among the various ther hol: planktonic gr:ups Only the hermi- k
verous clad:cerans (" water fleas") ranr. with the : pepods an numerical
impo rtance. Other, less numerous, members of the holoplankten include :
1) predators, such as, Sapitta spp. (" arrow we res ") , Aurelia aurica

(the "moen |elly") and etenophores (":ctb j ellies") , and 3) the largest-
bedied animal grcup associated with the :ceplankt:n, the euphaus11ds
(" krill") which are a key ecmponent in the diet of marine birds and
mar:mals, as well as many economically important finfish.

II. MER0 PLANKTON

This category refers to animal organisms which are planktonic
only during the early life stages. Included are emerfes and isxval
stages of most benthic animals (see section 2. 3. 3) . The eggs and

larvae of finfish are also included in this category of plankton.
However, they are collectively termed ichthyoplankton (see Section
2.3.2.3). Table 2.3-3 presents the more abundant groupings in order of h
numerical importance. Particular significance is attached to the larvae

of economically important bivalve :o11uses, such as: the sof t-shelled
clan, Mya arenarias musse1, Mytilus edulis and the sua sca11:p, Placo-
poeten magellanicus. I,arvae of V. edul.is numerically dcminate the
bivalve group. Brachyuran (crab) larvae are occasionally numerically
Lxportant. Crab coes of the cc= man rock crab, Cancer irretacus fre-

quantly occur in large nurhers in early cuemer plankten collections.

III. TYCH0FLANKTON

The tychoplankton consists of organisam which tamperkrily
inhabit the water column when they are swept frem the sea bottem by
storm surges or actively migrate up into the water column to food

(usually at night). Mysids (e. g. , Neceysis americana) , :umaceans (e.g.
Olastylis polits?, is: pods, amphipods, and certain decapeds, such as the
sand shrimp, Oran;cn septe.r. spinosa eceprise thas of ten Overlooked plank- |h

,

I
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TABLE 2.3 3. RELATIVE REPRESENTATION OF f1EROPLAl1KTER$ IN THE i
.

VICINITY OF HAftPTON BEACH, NEW HA!4PSHIRE. :-

:
,

;

TAXON 0 HIC GROUPINGS ABUNDANCE RANK l
'

- 1975-76 1972-73 .

Bivalve veligers 1 1 j,

Gr.stropod veligers 2 2 ;

Polychaete larvae 3 4

i
Cirriped (barnacle) nauplii 4 3 ;

;

|. {Echinoderm larvae 5 7

Cirriped (barnacle) cyprids 6 5;_
;

. _

Castrepod eggs- 7 ND f

Polychaete trochophores 8 _ 6_
-!

Bryotoan cyphonautes larvae 9 ND I'

i

! Epicardean larvae 10 Nn
'

q. - ;
_

- ,

j ':. k

' ND = No Data
- 6

i

; r

t

b

i
i
t

v

'

-.

s

'

O.

.

t

C

6
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ton category, Eecause of their relatively large body sice, the tycho-

plankten may add substantially to the biomass and ntriers of Otner
plankton greups en an intermittent tasis.

2.3.2.3 Ichthyeolankten

Fish eggs generally demenstrate a defittite seasonal pattern in
New Ha.npshire coastal waters, with high densities during spring and
early summer and low densities during winter. While fish eggs repre-
senting approxiantely 14 species have been cr 11ected in the nearshere
zone since 1972, five species generally account for over 90% of the
total (Table 2.3-4). Cunner eggs, by far the most abundant type, are
(cminant during June and July. Cther su=mer dcminants include eggs of
American plaice, hake, fourbeard reckling and mackerel. Ouring fall and

vinteJ the most abundant eggs are those of the ced/ haddock cceplex, and
those of pollock. Spring deminants include American plaice, cunner,
cod / haddock and reckling eggs.

Fish larvae are present in approximately equal numbers thrcugh-
out tha year except for icw densities in early fall. Although 33 larval

species have been collected, seven of these generally account for over
90% of the total number of larvae. Sand lance larvae, which are abun-

dant during winter and early spring, are usually the most abundant type
(Table 2.3-4). Other spring dominants include seasnail, American plaice.
radiated shanny, and winter flounder larvae. Su=mer dominants are

larvre of r.unner, witch flounder, and fourbeard rochling. 1.arvae col-
1ected in late dall and early winter are alzest exclusively those of
herring &nd pollock,

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

va.riability in rank am:ng years shown in Table 2.3-4, and, although this

)

|
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TABLE 2.3-4. SPECIES RANK TOR ICIITilY0 PLANKTON BASED Ott CATO! IN MIDWATER PLANKTON TOWS. [
i i

;11

*

'

SPECIES COMM0tl FLAMES 1975-1976 1974-1975 1973-1974 ;

t % 0F :

frat:K TOTAL RA!!K FAtlK

! EGGS I
i

4 f
'tlabridae/Lierunda conner /yellowtail flounder 1 '59 1 1 6

Itipswjlossoides platessoides American plaice 2 13 6 7 I

).
Cadus/Melarojtansnus Cod /liaddock 3 10 5 4 j

- Urophycis spp. Itake 4 6 3 2 '

Enchelyopus cimbrius Four beard rockling 5 5 4 6
Scophtluisaus aquosus ' Mindowpane 6 2- 1 5,

'
Scomler scombrus Mackerel 7 1 2 3

i !
- r

I

b Z DF |
LARVAE RAttK TOTAL RAf!K RANK I

i

j Arrynudytes americanus Sand lance. 1 37 1 3 .

] Clupea furengus Atlantic Herring 2 16 9 11
i Tsuto.Jolabrus adspersus Conner. 3 8 2 4 i

Lijoris Seasnail 4 H 3 1 fniplojlossoides'platessoides AroerLean plaice 5 6 7 tus
7

)
Enchelyopus cimbrius Fourbeard rocklirv; 6 5 4 5 !

* Glyptocepfalus cysoglossus Witch flounder 7 4 15 11

}- Pollachius virens l'allock U 2 5 2 >

.

; ;
;_ nu - no nata

.! . 1
i

*
b

i f
?(.

,
FJ .

r a, ;
< +

j,= y ~
E(R3
g

{
-

,
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rar.k may vary frem year to year, the species discussed abcVe are the h
deminant ichthyeplankt:n species in New Hampshire coastal waters.

2.3.3 Benthos

2.3.3.1 Benthic Faunal Cecmunities

I. SUBTIDAL COMMUNITY

The area of the proposed Seabr0ck Nuclear Stati0n discharge
and intake stractures is cceposed of three basic substrate types rock-

ledge, cchble (rocks less than 6" in diameter) and sand (see rigure 2.1-4).
The distribution and cceposition of the benthic f aunal ccemunities is

determined primarily by substrate type and secondarily by depth. This
substrate heterogeneity is a major ccmponent of the natural variability
found within the sha.'. low subsidal benthie :temunities aleng the New

||hHampshire coast.

The rock ledge and cobble substrate areas are a mosaic of -

rocks, ledge, gravel and sand, each with an associated faunal assemblage.
Those species' ensidered hard substrate (rock-ledge, cebble) dcminant
fauna, form a ubiquitous Steup of eptfaunal species associated with hard
substrate to at least 80 feet below mean low water (Tables 2. 3-5 and
2.3-6). In additien to the large ubiquitous group of deminant faana
there are smaller hard substrate species groups distributed within
narrower depth ranges.

The f aunal cceposition en subtidal sand substrate areas is

determined primarily by the grain si:e of the sediments. Generally the

sand substrate areas are ecmposed of fine sand, moderately to well
sorted. However, there are small patches of gravel with a 2 to 4 On:h
overlayer of sand located in the area of the preposed intake. Each of

these substrates has an asseciated f aunal gr up (Table 2.3-7).

O
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TABLE 2.3-5. SUBTIDAL HARD SUBSTRATE SPECIES IN THE VICINITY O! 'nE 1

PROPOSF') INTtKE AfiD ?!SCHARGE SITES, NUMBERED ACCOR0!NG >

TO RANK ORDER OF ABUN0xNCE. |,

!
,.

f

'

i.
7

:

APRIL AU9937 $UtMA |
1975-1976 1975 1974 1972

.:
Spitorbis spirillum 1 1 1- 9 -

Mytilidae spat 2 6 4 nc
Lacuna vincts 3 2 1 5
Pontogeneta inermis 4. 4 2 29,

*
| Jassa falcaca * NC 11 - 3 J.

\ !schytocerus.Anguipes- 6 3 10 NC
Balenus balanus 1 NC 9 31

. #iatella spp. O NC 6 32 -
+

,

' Spitorbis borealis 9 8 17 NC-
Capre11a septentriont Ais 10 NC $ 22

,

'Zdotes phospho:ea 11 UC- 15 4,

; Molgula sp. 12 11 8 2
.

' O Pleusymetes glaber 13
Asterias spp. 14

. 10 PC 50 5

$ 3 1
'

; - 4- ;

i
i NC = None Collected
k ,

;
,

i$

...

2

,

O

.
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TABLE 2.'-6. SUBTIDAL CCSELE SUSSTRATE CCMINANT SPECIE 3 IN THE
VICINITY OF THE Pc0 POSED INTAKE AND O!SCHARGE SITES.
NUMBERED ACCORDING 70 RANN ORDER OF ABUNDANCE.

AUGUST
75-76 74

C*ncicia irrorata 1 4

S!atella spp. 2 NC

Cerastoderr.a pinnulatum 3 21
Captochel:Us pinputs 4 20
Spirorbis spi:Lilum 5 9

tuchone rubrocinc a 6 NC
Cotophium crassicctne 7 NC
Pontogeneia inermis 8 15
Laclymene collaris 9 NC
Spi:ctbis borealis 10 NC
Ascarias spp. 11 2:
Balanus balanus 12 25
Tonicella ruber 13 3

St:cn7ylocent:ccus droebachiensis 14 5 gTharyx spp. 15

NC = Not Collected
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TABLE 2.3 7. SUBT!DAL SAND SUBSTRATE SPEC!ES IN THE VICINITY OF 'NE
PROPOSED INTAKE AND DISCHARGE SliES, NUMBERED ACCORDING
TO RANK ORDER OF ABUNDANCE.

,

|

.

SURMER APR1'
- 1975-1976- 1975 197.

J

Acanthohaustorius allisi 1 NC U'C

; Tellina agills 2 3 NC-

Protohaustorius deichmannae 3 Nr NC

Psamonyx pnbllis 4 5 NC
- tchinarachnius parma -5- 4 1

Spir whis spirillum 6 NC UC
Leptocuma minor. 1 NC NC |
Clymene11a torquata B 2 NC
Spisula solidissima 9 NC NC !

Stenelais limicola 10 11 NC i

:. - Unciola irrotata 11 NC NC :
! Arctica islandica 12 1 .2
i Diastylis polita' 13 NC 9

- Mytilidae- 14 NC NC

Aricidea _ spp. 15 NC -10 !

Edwardia elegans 16 1 3'
'

-

_ Spiophanes bombyx 11 13 5
' - Pontogeneia snermis 18 NC 0 i

19 NC- NC i! Tharyx sp.-
. .

23 NC 4Eucylmene collaris ,

Jassa falcata 21 NC NC !
<,-

1 - Myriochele heerl. 22 NC ^ 1

!schyrocerus anguiped 23 NC NC
'*

Scoloplos fragills NC. NC 6
,

Siliqua costata- NC 6 NC

insis-direc*us NC 9 NC
.

i
'

NC = Not Collected i

,

,

e

"O .

-
_

- ,,...a c.,.,-. # .<-.c. - - ,,--w,. ..,,y ,.~y.,.,e.-
_

-
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The variability in the density of individual species and the h
number of species is due to breeding cycles and recruitment periods and
the emmigration and immigratien of major fish and crustacean predators '

into and out of the area. Spawning and recraitment occur during all

seasons of the year, primarily during the sprt.tg with a coderate decreas*

in numbers per species during the summer and f all. The ra;or predatcra

(lebsters, crabs, cur.ner, pollock, ecd, vinter flounder) are generally
present in high abundances during the spring and summer menths. During

,

the winter, fewer species spawn and recruit and most of the major pre-
dators leave the area. In general, the biological activity within the

bu... hic ccmmunity is correlated to water temperature trends, activity
decreases as the water temperature decreases during :lovember and increases
as tha water temperature increases during March-April.

,

II. INTEATIDAL

The Listrihution ar.d ceaposition of the intertidal benthic |h
faunal ece= unities is dqtermined prirarily by substrate type and secend-
arily by adaptation to thess physical parameters associated with tidal

height, i.e. len7th of immersien, fluctuatiens of water te=perature and
salinity and wave action. In general, densities and numbers of spectes _

decrease on both hard and sand sucstrates with increasing distance above
mean icw water (Tables 2.3-4 and 2.3-10). Seasonal fluctuations in the

number of species and density of individual species is determined by the i

breeding and recruitment cycles of the dominant species and by physical
removal due to wane and storm activity,

t
,

III. MdI0 FAUNA

Meiofauna are benthic animals which pass through 3 1 mm mesh
'

screen but are retained at 63 um. Stucies of these key organisms in the
,

Ienergy cycle, in the vicinity of the ; reposed cooling-water intake and
discharge site, began in 1975, so far, a total cf 29 taxenemic grcup-

_ _ ___
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TASli 2.3 8. INTERTIDAL HARD SUBSTRATE DOMINANT SPECIES AT HIGH4

(+B.5 FT), M10 (+4.2 FT) AND LOW (O FT) T!DAL LEVELS,

: IN THE VICINITY OF THE PROPOSED INTAKE AND DISCHARGE
'

$!TES.
._

JUNE -MARCH DECEMBER SEPTEMBER
HIGH 1976 1976 1975 1975

I Littorina ilttorea 1 4- 1
1. Littorina obtusata 2 1

Mytilidae spat 3

BalanLs balsnoides 2.

.Mytilus edulis 4

Cammarellus angulosus 5

Carcinus maenas 3

Li -

-.

-l JUNE MARCH OECEMBER SEPTEMBER
MID 1976 1976 1975 1975

salanus balanoides. 1 1 1 1
.

Hyale niissoni 4 6 6 2

Mytilidae spat. 2 3 2 3
,

_i Littorina obtusata 3 2. 3. _
4

1. 011gochaste 5 '7 5 5

Littorina littorea 6 4 4 6
F* Probursa veneris 7

Jaera marina 7 8'

NuCella lapillus 8 9

Commatus oCeanicus' 10
; #14te11a spp. 7

L!.ctorina saxatills 8

Tabricia sabella 5

_{* Mysella planulata, 9-
-i.

,

-,,

.

.

'O

Ie
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TABLE 2.3-9. INTERTICAL SAND SUS 5TRATE OCMINANT SPECIES AT HIGH
(+S.3 R), MID (-4.2 FT) AND LOW (O FT) TICAL LEVELS
IN inE VICINITY OF THE okCF05ED INTAKE AND DISCHARGE
SITES.

,

JUNE MARCH DECEMBER SEPTEMBER
MID 1975 1976 1975 1975

Scolelepis squamatus 1 1 '<

Nereis diversiccior-vi: ens 2

Mytilidae spat 3

JUNE MARCH OECEMBER SEPTEMBEP,
LOW 1975 1976 1975 1975

i

011gochaeta 1
Scalelepis squama:us 2
A=phiporeia vi:7:.niana 3

Lacuna vinc:a 1
Capre11a septentrionalis 2

*
|assa falcata 3
|dctea phosphorea 4
Zschy:cch:us anguipes 5

|aera marina 6
Cap:ella and:eae 7

.
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ings have been identified, the major categories of which are shown in
'

.

Table 2.3-10. The Corallina officianalls to which the table re'ers is a
'

very common crustose algae whose holdfasts offer a great variety of
microhabitats to these tiny anirals. Among the r.ajor organism cats-

gories, the harpacticoid copepods (Table 2.3-11) are particularly note-

worthy as they are a major component in the diet of many ground feeding ,

fish.

'
,

.

2.3.3.2 Benthic Macroalcal Comunity

.

The benthic macroalgal community on rocky substrates in the

offshore coastal Hampton-Seabrook study area (Table 2.3-12) consists '

of seversi dominant perc:.nial species with the intermittent occurrencet

of certain annuals. The major associations are distributed vert.ically.

=f .in overlapping bands, their distribution depending primarily on their

particular light requirenents and secondarily on their temperature and

submersion requirements. Standine, crc 9 sad numbers of taxa also show a

vertical orientation with maxir.um values distributed around MLN. ,

) Because of their perennial nature, the major algal associations along
I with their standing crop and numbers of taxa remain generally constant

over times fluctuations are due to the occurrence of annual species and

periods of caximum growth and recruitment of all species,

.

2.3.4 - Nekton

>
r

,

Nekten are large bodied organisms capable of directing their

own body movements over long distances this centrasts with the pla.d ten

which have a limited capability of directing their movements indepen-

dently from drifting water masses. -

| .

L
L

=

.
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TABLE 2.3- 10. CCMMON MEI0 FAUNA INVERIESRATE TAXA FOUND IN
OCEANIC AND ESTUARINE SOFT SLSSTMTE SAMPLES
AND/OR IN CCM : NA CFF:C: ANAL:5 HCLDF4STS.

Her.atoda
Harpac:1coida

'

Bivalvia ,

Polychaeta
Ostracoda
Gastrotricha
Halacaridae
Turtellaria
Tardigrada
Archiannelida

TABLE 2.3-11. COMMON HARPACTICOID COPEPOD SPECIES FOUND IN
OCEANIC SOFT SUBSTRATE SAMPLES AND/OR IN
CCRAL:::.'A CEF:CIAITAL:S HOLDFASTS.

'
.

Thompsonula hyaenae
Halectinosoma neofaccum
Halectinosoma sp. 1
Pseudobradya sp. 1
Darytopodia vulya:is
Pa:alec;honte mace:a
Pa:ascenhe11a spinosa
tachidius dis:1 pes

Rhl:ot."rix minuta
Amphiascus minutus

G

..
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IABLE 2.3-12. DISTRIBUTION OF MACROALCAE IN Tile OFFSit0RE COASTAL IIAMPTlW-SEABROOK STUDY AREA
IN 1975-1976; ASSOCI ATED SPECIES NOTED IN PARENTIIESES

*
l

(m) +2.6 +1.3 0 -5.2 -6.1 -9.1 -10.7 -12.2 -15.2 -18.1 -24.4 |

l: = 3 41: f rw Mim > trL} ,g S ,4.2 0 ,l, ,20 , }g ,3S ,40 ,Su ,0 _ao

i

Number of taxa %. 21 31 42* 34 34 31 25 26 24 2) 15
(25)

M-an standish crop 17 2171 583* 5% 790 244 162 117 72 1:2 6
(9ms dry wt m2) (3547)

MACROA14;AL ASSOCIATION VGTICAL DISTRIBtff1(NJ

*;gecies durinant (Prrmary assuclated species)
(aigae ty}=e - cosumin ruume)

(Certairs anmaal siecles)
*Tucts:s ssp. Ascosttyllum rn>&ssune :

(brown -- *rocA* algae (Certain perermial sg ec ies incIsling crustose funns)

. [Gigart iru atxnre HIM?
Cle.>netr us. cr 2 spus . .

(red - " Irish ausss") ' (CoralJiru betw MIN)
(Cer tain arm; sgec ies)

lessu res t ia SIP. p ;
i (t+r own -- rw>ne)

( 3 kelp sgecies)

Tam i ru r i_, sg p . ; ;
j n,nown -- " kelp")

(Ptrytutrus , Pt ilota L other geremial reds)
Ph 1Jop?=sra ;9 =

tr M -- rKa e)
IPrimarily 6 species)

Crustaan wrallines | _

;
t r ed -- twme ) (Sgecies dist ributed by depth)

(<mly tasal
Aprum cribosusm/hrwn - kels* ; *

Antitiumnion spp. (red - mee)

Ithwiosd:yllis diclx>tonu '
n,',

,,
(red -- none) *

o
* t*1 end s on etwumm i t y <hani ru nt s . *

s>
w

b
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2.3.4.1 Invertebrates qg

Two diverse invertebrate grcups are trportant representatives

in the nekten s the caridea.n cructaceans (i.e. shrimp or prawns) and the

cephalepod molluses (i.e. squid). The prawn grcup is represented in the

vicinity of the Latake and discharge site by such commercially trportant

species as Pandalus bcrealis and Dichelcpandaluu sp. While important

species of iceal squid are predcminantly of the genus ;ollyc. All of

these species are carnivores.

2.3.4.2 Finfish Community

Approximately 70 species of finfish have been identified in ;
4

New Hampshire coastal waters since monitoring studies began in 1972
(NAI, 1974c, 1975b, 1977a). The finfish ecemunity can generally be
categoriced into bottem fish, near-bottem brewsers, and pelagic fish,

although, as is shown in Table 2.3-13, these categories may overlap for
certain species. .

Based on results of thrae years of trawl data (Table 2. 3-14) ,
the most abunda.nt fish in the trawl catches were yellowtail ficunder
(Ldmanda ferrupinea), smelt (Cs=erus mordax), ccd (Gadus mcthua) , wLnter

flouader (Pseudopleuronectes americanus) , icnghorn sculpin (Myorcceph-
alus cctodecenspinosus), skates (Rafa spp.) and oceanpout (Macroccares
mericat | J . Cbservatiens by SCUBA divers en rocky substrate areas,
naccessLhle by trawl, indLcate that cunner (Tautogolabrus adspersus),

po11ock (Tollachius virens) and radiated shrany (Ulvaria subbifurcaca)
are also coeren members of the bottem or near-bottom community. In

fact, density estimates of cunner by divers indicate that it is probably
the most abundant fish species in the near-shore area. Of these spe-

01' +, y \1owtail, cod, winter flounder, windewpane, lenghorn sculpins,
sk4tue, nd radiated shanny are permanent residents of the nearshore

a.r e a . Although cunner are also perr.anent residents of the area, they
are only active frem April through Oecember. Individuals overwinter
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O
TABLE 2.3-13. SEABROOK FINFISH ECOLOGICAL CATEGORIZATION.

..

NEAR BOTTOM & PELAGIC PLANKTIV0RES &
BOTTOM FISH BROWSERS PREDATORS

Winter flounder Cunner Atlantic mackerel
Yellowtail Tautog Bluefish
Smooth ficunder Scup Blueback herring
Atlantic halibut Banded rudderfish A10 wife
American plaice -t Striped bass

,

Windowpane Pollock >=
Fours pot flounder =c Rainbow smelt
Summer flounder Black sea bass Atlantic menhaden
Red hake Atlantic cod Atlantic horring
White hake Tomcod
Spotted hake -4 Atlantic silversides
Radiated shanny Sand shark p.

Skates (Small, Big,

Wintet)
Rock gunnel
Grubby
Longhorn sculpin -.

(''J'
Shorthorn sculpin

\s- =4 Silver hake >=

at Smooth dogfish
=; Spiny dogfish

Atlantic sturgeon.

Atlantic welffish
- American sand lance

Cusk
'

Lumpfish
Tourbeard rockling
Witch flounder
Sea snail
Gooscfish
Snakeblenny
Ocean pout

=4 Haddock
Sea raven
Striped sea robin

,

.

%

*

O
.

h
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TAIILE 2.3-14. SPECIES RAfiK OF BOT 10M FISi!ES IIASED Ott OTTER 1RAWL CAICll.

SPECIES CO'1 MON FLAME 1975-1976 1974-1975 1973-1974
I Of

RANK TOIAL RANK RANK

L ismsruts ferru<f nea Yellowtail flounder 1 38 2 1i

Osn=fr us sr= prafa x Rainbma sme1t 2 17 1 2
Urophycis step. IIak e "

3 16 4 8
Ca. hrs morhua Cod 4 S S 3
Herluccius 2 illnearf s Silver hake 5 5 11 la
Hyonocepfu tus octosfecesespinosus 1snghorn sculpin 6 4 8 6i

Pseu<fopleuronectas americanus Winter f lotneder 7 1 3 4
Macrozoar ces americantes Oceangxsut U 2 9 14
Raja erirucea Little :,ka t e 9 2 7 7
Scopht h.simus aquc. sus Windowpane 10 2 6 5

|
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|O
deep in rock crevices in a torpid non-feeding state. Smelt are also

4

common near bottom duriaq the winter months. ,

.i
;

Based on gill net catch, the most abundant pelagic fish spe-
|

'

cies are Atlantic herring (Clupea harengus), pollock (Pollachius Vf rens), I

blumback herring (Alosa aestivalJs), mackerel (scomber scombrus), men- 1

!

- haden (arevoorcia tyrrrmus), alewife (Alosa pseudoharengus), and at ,

> ,

least during 1976, silver hake (NerJucef us bilinearic) (Table 2.3-15). |
All are migratory species which utilize New !!ampshire coasta; waters - i

only on a seasonal basis. Herring are abundant from late fall through

early summer, but are absent in summers pollock are abundant from early
spring through fall, but are ' absent in winter. - Blumback herring, ale-

wife, and mackerel generally occur only during late spring and early
'

fall, but mackerel may also occur during mid-summer. . Silver hake occurm.

from spring through late fall, but are absent during August when temp- :

erature is, highest. ]
O |.

'Surveys of sportfishermen conducted from 1973 through 1976
indicate similar cpecies composi* Hn and seasonality with winter floun-

}
der, the species mon'; of ten caught.
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1At!LE 2.3-1S. SI'ECIES RANK OF PELAGIC FIS!!ES IlASED ON GILL fiET LATCll.

SI'ECI ES COMM0!1 ftAML 1975-1976 1974-1975 1973-1974
% Of

RAFIK 10iAL RAtiK RAfiK

Clupea furenjus Atlaritic hierririg 1 54 19 8
Marinceius 1>ilinearis Sllver hahe 2 12 tn) 10
Alosa aestivalis Blueluck herrisw; 3 9 run ti

Pollachius vireus Ex>llock 4 1 t 5

Alosa pseuelalaressjus Alewife 5 5 15 9
Scorn 12er scomfin u s Mackerel 6 4 9 )
Osenerus semtrdax - Ita i nt*>w sine I t 7 2 tit . 7
Drevoortla t e rarar*2s Merihaden 8 2 10 5j

Gwins assrfus.s cut 9 2 2 2
Uropinjcis st1>. tinke 10 1 12 tan

14 0 ' tia Data

e

ik>ti. Alosa spp. incitmial in A. pseudohareagus categorf.

.
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LO
3.0 CHARACTERISTICS OF THE PROPOSED CIRCULATING WATER SYSTEM

.

s

'
3.1 INTRODUCTION AND GENERAL SYSTEF: DESCRIPTION

*
..

seabrook Station as well as any electric steam-generatAny

station requires cooling water to condense steam into water after the

steam has paased through the turbines which drive the electric generators.

The steam condensate is thun pumped-back into the steam generator to, ,

continue the power cycle. The condenser cooling water does not come in4

direct contact with the reactor systems. The major change which occurs

- in the condenser cooling water is the addition of heat by which spent

steam-is condensed. Also, as described in Chapter 3 of the Seabrook

Environmental Repo* (PSitif , 1973 ) , small quantities of certain chemicals
' and wastes are introduced into the circulatiag water and discharged in-

highly diluted concentrations.,

Seabrook Station has been designed with a "once-through"

condenser cooling-water system. "Once-through" mans that the condenser

cooling water is taken frem a natural watar body (the ocean, in this case)

[ - into the plant at. ambient temperature, passed through the heat exchange
I system (main condensers and s6cvice water heat exchangers), and then
i. discharged back-into the ocean at an increased temperature. This
4- increase in tempetature is often referred to as the condenser tempera-

ture rise ~ or delta-T ( AT) .

Steam-electric power production requires that a certain amount
; of heat must be removed from the spent steam to condense it to water

! .

j .o be ror,.urned by pumping to the steam generation cycle. For Seabrook

(2 Station with both units operating, the quantity of heat which must-be

~ removed is about 16 x 10 BTU /hr. Removal of waste heat from the steam~

i generation cycle can be. accomplished by one of two means - either
limiting the'acount of cooling-water flow and having a high condenser

temperature rise (AT), or having a larger circulating cooling-wter flew

and-lower ST. To minimize pumped entrainment impacts Seabrook Station
- "

,

1
' has caen designed with a high a? ar.d a " minimal" cooling-water flow.

'

-

The resulting temperature rise for Seabreok Station is 39 T with 4

.

'

i- e m , ,, .w-- ,,.w-.-,s.-- +.:w,,,.* ,u w e c y-w m+ r % -.-.-w W .r,e-w -r-Ntvrene wwtwww wew .h W& w- -Wytw a
'
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nominal circulating cooling-water requirement Of 18 ft /sec (cfs). A

meaningful cemparisen to put this flew rat 9 into perspective can te made '

with the flew rate of the Merrimack River, which at Lcwell, Massachusetts

has annual dischar;e/or flev rate of 7164 :fs. On the other hand, the ,

tidal prism (the amount of water whieb enters and leaves en a 12.3 hr

tidal cycle) for Hampton Harber is en the average 470 x 10 ft er 3.5 x

10' gal, which represents an average flew rate of approximately 20,400
cfs.

Cooling water for the Seabrock Station i' rawn from and

discharged back into the Gulf of Maine east of Hampton Harber at loca-

tiens shown on Figure 3.1-1.

The hydrological and biological description of this body of

water including its natural temperature patterns is presented in
Section 2.

This heat dissipation system has been selected for the Seabrook h
Station en the basis of envirenmental and engineering censidersti:ns.
It is designed to provide the necessary ecoling and heat dissipatien
function, as well as to protect the balanced indigenous marine ecosystem ,

and to represent the test technology available for offshore intake and
-

discharge structures. Specific ebjectives in the selection of this heat

rejection system were the prctection of the estuarine ecosystem and
especially the existing clam flats; protection of indigenous and migratory
marine lifer and finally, ensuring that the selected system of heat

dissipation would not provide ha azds or i= pediments to highway, railroad,
ship or air traf fic in the region.

3.2 GENERAL SPECIFICATIONS

The quantity of heat dissipas.d by each unit is approximately
B x 10' BTU /hr f:r condenser : cling during full-lead normal Operatien.
F0r this purpose, ib t quantity Of Ocean water provided is 390,000 gallens ff
per minute (7pm) per unit for condenser ecoling, plus an additional flew

_
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Oof 22,000 gym per unit for the service water heat exchanger. Consequently,
the nominal total flew is 412,000 gpm per unit or 824,000 gpm for both
units. Because t'.ere is no censu=ptive use of cooling water, the amount
returned to the ocean at the point of discharge is 412,000 7pm per unit
or 324,000 gym for both units. This flow amount is maintained during
normal operation throughout the year. All cooling water is drawn frem

the ocean at a location about 7,000 ft offshore of Hampton Beach, as
shown on f igures 3.1-1 and 3. 2-1. This water flows through a 19-ft

t

inside diameter (I .D . ) tunnel about 17,160 ft (3.25 mi) long and into the
pumphouse loisted at the plant site. The time cf travel through the

int ake '.ur iel at the nemi s1 rated flew capacity of 824,000 7pm is about
44 min at a velocity of approximately 7.2 ft/sec (fps). Upon entering

the pu=pheuse, the velecd.ty decreases to allow fer debris screenin:
before entering the pumps.

,

Cne main condenser is provided for each unit. The circulating

-ater temperature is raised 39 F as it passes through the conden'er.
.'i=e of travel through the cenden.ser is about 16 see at the speciftad
flow of 390,C 'O gpm per unit. Having passad through the condensers, the
cooling water flows approximately 16,500 ft (3.12 mi) through another
19-ft I.D. tunnel to the submerged offshore diffuser. Travel time

through tae discharge lines for 824,000 7pm flow is 37 min at approximately
7.2 fps.

,

A cross-sectional profile of both the intake and discharge
systems is showr in Figure 3.2-1. Each tunnel is censtructed with a 0.5
percent slope toward the land to allow for gravity flow of water seepage
: ward the plant during construction and, if necessary, during dewatering
cf the tunnel. The intake and discharge tunnels have centerline elevations
of -175 and -163 f t below mean sea level (MSL) respectively at the ocean
end. Centerline elevations at the plant fer the intake and discharge tunnels
are -248 and -250 ft (Mst) respectively. Each tunnel is connected to
the surface at the plant by vertical riser shafts.

O
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Figure 3.2-1. Profile of Seabrook Station circulating water system. ."
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3.3 INTAKE SYSTEM |h

The intake system consists of three offshore intets submerged
about 110 f t apart on the sea floor, three 10-ft I.D. riser shafts,

the 19-ft I.D. intake tunnel, and a pumpheuse located at the plant.

The inlet structures are located approximately 7,000 ft east '

of Hampten Beach where the water depth is about 58 ft (MSL) . Cooling

water enters cach inlet structure through a " velocity cap * which is below
mid-depth in the water colu=n and which has an opening between 10 and 17
ft off the bottem. Figure 3.3-1 shews the plan and elevation details of
the inlet structures. The inlet structures are concrete and the tunnel
system is concrete lined. All exterior sur: aces of the intake structures
structures will be coated with an anti-biofouling =aterial to prevent
attachment and growth of organisms which would encourage gracing by fish.

Experience with offshcre inlet structures along the coast of

Califernia indicates that a hericental inflow current has much less k,
potential for fish entrapment than a vertical current (Weight, 1958;

Downs and Meddcck, 1974: Schuler and Larsen, 1974; 1975). A horicontal

inflow direction is maintained about an inlet structure by means of the '

previously mentioned " velocity cap" (Figure 3. 3-1) . This is a ecmbina-

tion of a flat plate positioned just above the opening to the vertical

inlet shaft and a flange at the tcp of the vertical inlet shaf t of the

same diameter as the " cap". The " velocity cap" a11cws inflowing water
to enter the gap between the cap and the flange frem only a horicental

direction. The nominal inflow velocity at the outer edge of the Seabrcok
Station " velocity cap" is 1.0 fps.

The top of the 19-fcot I.D. intake tunnel is at a depth of

about -165 ft (MSL) and la connected to each intake structure by a 10-dt
I.O. " riser shaft". The rcute of the intake tunnel is shcwn in rigure

3.1-1. The pumpheuse located at the site contains six circulating water
pu=ps. Each pu=p is rated for 130,000 gym flew at an 30-ft pumping
head. Also contained in the pumphouse structure are vertical traveling
screens, a large forebay and apprcpriate hydraulic equipment such as
valves and stcplogs.
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3.4 O!SCHARGE SYSTEM

d

This discharge system consists Of a 19-ft I.D. discharge

tunnel and 11 vertical riser shafts, each 4.5 ft in diameter, which

ter= anate in two 2.65-f t I.D. no::les on each riser shaf t. The riser

shaf ts and no::les constitute the 20-port submerged multiport diffuser

which is located in approx 1=ately 50 :: 60 ft of water. Each no::le is

approximately 7 to 10 ft above the sea ficor. Both the discharge tunnel

and riser shafts are concrete lined. The preposed diffuser design is
shown in Figure 3.4-1.

Cooling water is discharged in a generally eastward direction
through the multiport diffuser, beginning at a location appr:ximately
5500 ft due east of the Eampton Harbor inlet. The 11 riser chafts which '

form the multiport diffuser are aligned in the northwest-southeast
direction. The spacing between the riser shafts is about 100 ft and the

=ultiport diffuser is ahout 1000-ft long. The normal travel time frem

the plant to the first point of discharge is approximately 37 min.
Discharge velocity during normal operation is 15 Ips.

4

During the backflushing operation (see Section 3.5) the

discharge tunnel and multiport diffuser act as the intake system,since
the flow direction is reversed. The backflush-flew rate dreps to

approxit.ately half the normal operational rate as noted above, and
therefore, the vralecity entering the diffuser no::les is also cut in

half to about 7.5 fps,

3.4.1 Themal Discharce Perfomance Under Normal Ocerations

Extensive hydrothermal model testing was perfor=ed at Alden
Research I.aboratories (AR.) cf Worcester Polytechni: Institute to
determine'a suitable design for the submerged cultiport diffuser ( ARI. ,
1974). Tests were cenducted to evaluate the behavier Of the discharge
during a series of representative current conditions (eight were selected)

- - - - - - - -_
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e
in a 1 to 115 uniform Froude scale model. The thermal discharge criteria

established by the Environmental Protection Agency (EPA) specifies a
seface maxi =um temperature increase no higher than 5 T. By virtue of

the 15 fps discharge velocity from the multiport diffuser located in

water depths of more than 50 ft and diffuser no:cle crientation and

design, the maximum surface temperature increase ahove a-lient tempera--

tures is oni'i 5 T. This occurs infrequently, and even then, only over a

small surface area. The Seabrook Station discharge design rescits in a
5 F surface maximum temperature rise, even though the initial temperature
rise at the discharge point (diffuser norale) is 39 F. This result is

remarkable when a survey of other New England coastal power plants
reveals surface maxi *aum temperature rises of 20 F and many as high as 28
and 29 F. Even the propcsed Pilgrim Unit !! has a maximum surface

temperature rise of 20 F.

Since the thermal plume resulting from normal station discharge
was designed to achieve a surface maxi =um temperature no greater than 5
F above normal ambient water temperature, a high rate of temperature
reduction must occur. The high rate of temperature reduction occurs in

a verr short distance from the diffuser. Within about 32 seconds, j

the temperature is reduced from 39 F to 5 P above artient. The volume

of water raised to tamperatures in excess of the 5 F surface tempera-
ture rise is s=all -- about 2 acre feet.

Near-field isothems for the backflush case are preser ed in

Appendix A for the hydrothe=al " worst case" results (winter condi-
tions, non-stratified, 100 percent plant heat rejection). Figures

3.4-2 through 3.4-7 represent the normal discharge operatien for the
worst case winter current with the station at full load.

O
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D
'U 3.4.2 Dilution of Ambient Water

The diffuser cerformance discussed above can oaly be achieved-'

with mixing of ambient water into the discharged water because' decrease.

in temperature is proportional to volumetric dilution. Dilution 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 origin to the point where toe plume reaches

the surface.

Dilution values are important since the dilutien factor indicates<

the amount of ambient water required to achieve a given temperature
,

rise.
,

,

.

AT
| If dilution is defined as D=

g
(1)

,.

4-
AT'

O
and Q AT = Q 0T {2)g g 2 F

.

Q +Q (3)' where Q =
2 1 g

.

~9 4T!'- i _ -
then Q

1 g
* #

2 M
F

L. f.
!. i.
L-- - Q 4T- g g

Ei*SA " AT
F

'~

AT g
and Q|- . ; g _ Q -Q=

g
.\' F

,

j. ,

p-
'

Q (D-1)- (4)so that Q
' =

3

9

. .

.

v

.
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O
For Tg = initial temperature rise

T * t*mE*##tu#* #i'* #f i"t*#**tF

Q = plant cooling-water ficw

Q = ambient water entrained into the plume

combined flow in the discharge plume at theQ, a
*

point of interest

Equation (4) above shows that the a= cunt of artient receiving
water entrained into a therr.al plume is the dilution value at any tempera-
ture minus one, times the initial plant flow.

Equation (2) represents the conservation of heat equation in
the near fiald and is applicable to the the. a1 plume of any power plant
operating with a "once-through" cooling water system. Thus for operating,

at a steady-state condition, the amount of receiving water required to
,

!
dilute the discharge to a given temperature is constant. This is tr.e

regardless of the discharge no:cle configuration.
,

.

3.4.3 Far-Field Thermal Plume Characteristics

A detailed analytical study of the far-field the=al plu=e

hehavior is presented in AFJ ,1975. This far-field study was structured

as a para =etric analysis of the the =al discharge under widely varying
artient conditions.

.

Fu-field thermal perfcrmance of the discharge is primarily
dependent on two artient parameters: Ocean currents (ragnitude and

direction) and surface heat transfer coefficient. Surface heat transfer
ccefficient is primarily a function of wind speed, relative humidity,
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;OL
;;

-

water temperatara, and air temperature.

1

The parameters included in the Seabrook far-field study and*-

. q repredu:ed here are taken from Table 1 of ARL, 1975.

TABLE 3.4-1, AREAS ENCLOSED BY ISOTHERMS

.

ISOTHERM AREAS
4

AMBIENT CURRENT DIRECTION TRANSFER CQEFFICIENT ACRES ENCLOSED
-

$ PEED (kn) TOWARD (*TRUE) (BTU /ft'/dayF) 1.5 F 2.0 F

.

0.15 170 150 4,700 900
0.15 30 150 5,000 1,200

!* 0.15 30 100 7,200 1,700
'

O.15- .30 2!0 3,200 800
, , . 0.40 30- 150 2,800 300

,,

b
Surface isotherm plots related to the parameters given in the

aboveitable are provided in Figures 3.4-9 through 3.4-12.
.

,

'
The purpoca of s parametric study such as.this one is to

j determine the far-field plume sansitivity to variation-in the parameters: t

51 utill:ec in the study. It is clearly evident from Table 3.4-1 that

| isotherm areas show| the greatest dependence on ambient current speed and.

l ~ 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 monthly1

'
values of the various dependent input parameters are representative for
use in predicting thermal plume -performance in the Gulf of Maine.

. . . .

*

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

plume from the parametric study, representative values of the significant
| dependent parameters must be determined before results can be obtained

- frem~the table.

.
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surface heat loss coefficients for the offshore study area

|' were determined using methods developed by Ryan and Harleman (1973) .

Calculated monthly values of the surface heat transfer coef a'icient are

r, provided in Table 3.4-2 below.

,;

TABLE 3.4-2, SURFACE HEAT TRANSFER COCFelCIENTS.,

.

,

2
MONTH BTU /FT / DAY /F

!- Jan 155
Feb.; 164

'' - Mar 162
Apr 163,

May_ 157
,

'
Jun 155-
Jul 1/8

. Aug' 186'

4
Sep 202

: - Cet 191
Nov 163
Dec 158

'- ANNdAL MIRI- 166
'

.

As can be~seen from Table 3.4-2, the smallest monthly surface
'

heat loss coefficient occurs in January and June, while the largest
*

2
occurs in September with a mean annual value of 166 BTU /ft / day /F.

..

Based on the parameters provided in Tables _3.4-1 and 3.4-2,.it

is possible to select the cost realistic plume conditions frem the

far-fteh! parametric analysis of API (1975) . The most representative
!
'

far- % Ad surface plume size is, therefore, expected:to be between that

. found on 71buas 3.4-9 and 3.4-12. The 1.5-F. isotherm _would be found
betwan 4. ' ar.d- E.3 mi from the Isles of shoals. However, the position

of the plutva could be expected as shown in Ficjure 3.4-B, with about the
1

|- same frequency. This may be seen in Table 2.2-1 of Section 2. The-
|

| further eastward the plume extends,_the more it becomes caught in the
i

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

drifting water mass.
1.

|

I
l

_ _ _ _ . _ _ . __ -- __.. _ _ , , , _ - . _ . . .
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9
Based on the information provided in Tables 3.4-1 and 3.4-2,

Figures 3.4-10 and 3.4-11 are not representative of the far-field thermal

plume and are previded only to demonstrate the sensitivity of the far-

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

3.5 BI0 FOULING CONTROL

J.5.1 Circulatina Water System and Service Water System

The intake portions of the circulatlag water and service water .

systems from the ocean inlets to the condensers are subject to the

settle =ent and growth of sarine fouling crganisms. These organisms must

not be allowed to accu =ulate in the cooling-water system. Growth of

attached marine organisms progressively i= pedes flow, eventually reaching

a poant where adequate cooling water could not be obtained by the pumping !

system. To maintain the cooling system in an operational condition, it

is absolutely necessary to effectively control biofouling. The discharge

sections of the circulating water system, downstream of the condensers,

are not subject to marine biofouling because the normal dischar. tenpera-

ture is high enough to preclude settlement and growth of fouling 7anisms.

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

service water system can be considered in four sections:

a. The intake portien frem offshore ocean intakes to the
pumphouse,

b. The circulating water pumphouse to condensers,

c. The condensers, and

d. The service water system.

9



.

3.0-27

;OL

3.5.2 Intake System
i
,

In the intake section from the offshore ocean inlets to the

;, intake transition structure adjacent to the pumphousa biofouling

control is accomplished by periodically reversing the cooling-water flow

in the intake and discharge tunnels. This is accomplished by means of

an appropriate on-site valving arrangement. Tc assure fouling protectfen

during the period between initial tunnel flooding and plant operation,

the tunnel lining may be initially painted with antifouling paint.

P

; The backflushing' mode of operation is used to add heated water

to the intake tuneel and thermally, shock any organism, primarily,,

I
mussels, which might have settled and been growing in the tunnol.
Without this mode-of operation, organisms could multiply ard grow to an

extent that they would constrict the intake and saverely affect plant

- operation.

,

Backflushing of the system for biofouling rentrol L6 acccep'.ished
''

by redirecting circulating water flow within the| plant. In order for

heat treatment - to be effective, a temper ture of 120 F must be reached

and maintained for a period of approxims tely 2 hrs. In order to ach_teve
the increase in discharge temperature, :he station flow rate must ba

reduced by approximately one half, gennrally requiring'a power level
-reduction as well. Since the flow is reduced by one hal", the travel

'
time of reheated water through the tunnel is about twice normal or

approximately 92 ' min. Thus, a minimum of 1.5 hrs is required before
- approximately 120 F water reaches all pc ts of the intake tunnel, -and an

additional 1.5 hrs . (minimum) is required to bri .g the system back to
normal temperature and re-reverse flow af ter the heat treatment period.,

The total time for the entire backflush cycle is approximately 6 hrs.

O

. . . .
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3.5.3 3e Thermal E ff acts , ackflushina

In the development of the=al backflushing procedures, two
fundamental design criteria were considered: effective time-temperature

regimes for biofouling control, and limiting the backflush pl=e thermal

effect on the 2nner and Cuter Sunk Fceks so as t- *ot exceed naturally

occurring ambient temperature fluctuations.

With respect to the first design criteria, it has been deter-

mined from expearience at other power plants en the New F.ngland coast and
applicabla information from the lit trature that to achieve effective

biofouling control, it is necessary to maintain a temperature of 120 F
contincously for a period of no less char 2 hrs at a frequency of once
every 2 weeks ,1uring the warmer months ( April to November) . Therefore,

the circulating water system has been designed for flow reversal and
q

raising and maintenance of 120 F in the intake tunnel for 2 hrs. From !

an operational viewpoint, the total .2:e in the backflush mode will be

approximately 6 hrs but the 120 F temperature will only be maintained

fcr approximately 2 hrs.

A series of hydrothe=al ::cdel 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
scale of 1 to 115. Scale models of the actual inlet structures were
tested in this model at scale flows corresponding to the actual time,
te=perature, and flow relationships which eccur during backflushing.

For these test.s, various current patterns which have been

obserred by NA: to occur in the vicinity of the proposed intake sites
were si:n: lated. In addition, the effect of tide level was also simulated.

For the purpose of evaluating poss 21e " worst case" conditions, the phasing
of the backflush then.a1 discharge from the intakes with the selected

simulated ambient currents was chosen to ensure that the plume is discharged
under the most likely situations to cause advection of the pl=e ento
the Inner and Outer Sunk Pecks.

1
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4
l,

Typical results of these tests are presented in Appendix A. t

'

[^ The backflush thermal plume behavior for the proposed intake location is

shown in these figures. The test cases shown in these figures correspond

!' to a backflushing procedure which complies with the first design criteria,

in that each case produces a temperature of 120 F at any given point.

inside the intake tunnel for a continuous period of 2 hrs.

Ther.tal plume results as shown in Appendix A indicate that the

thermal impact on the Outer Sunk Rocks averages less than 1 F during the
backflush cycle for the three types of representative current conditions

' tested. The maximum temperature increase en the Outer Sunk Rocks is

about 3 F and lasts for periods of about 1 hr during only one 6" the

ambient ccrrent conditions tested. Thermal impact on the Inner Sunk
-. !

. 1 ,_ Rocks is expected to be even less.

.

.
~

Having thus determined the thermal backflush plume characteristics,

.

it is necessary to consider these results in the perspective of ambient*

tempecature fluctuations in the vicinity of the Inner and Outer Sunk

Rocks. A detaeled description of such fluctuations is presented in

Section 2.2.4.1.

J

-Based upon the ambient temperature fluctuations observed as

compared to the results of the backflush model tests, it can be seen

that the backflush plume from the proposed intake location will not

exceed the naturally occurring temperature. fluctuations on the Rocks.

Moreover, based on the data presented in section 2.2.4.1 and,

'

Appendix A, it can be seen that maxi.m.tm temperatures at the Rocks during

the su=mer generally occurs during ebb tide or at low-water slack. During
.

this' period, the thermal plume as a result of backflush operation would.

also be traveling away from the estuary and the Rocks. When the tide turns

and the ther=al plume is directed towards the Rocks, normally eccler ambient<

; ocean water would flood over them. Thus, if the backwash plume is also

,

carried onto the Rocks, the temperature increase associated with Seabrook

i.
,

%. .

,, .c. -. - ~ . - - -
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O
Station backflush plume cannot add to the ambient temperature maximums

which are greater than temperatare increases induced by backflushing.

,

3.5.4 Pumchouse to Condenser

Biofouling control in the pu=phouse and on-site intake pipes

is acecmplished by inter:nittent chlorination and the appliestien of an

anti-fouling coating. The active chlorine which is provided by the

injection of sodium hypochacrite at upstream feed points, is intended
to discourage the scetlement and growth of mussels and barnacles.
Accu =ulation of these organisms could limit the circulating water
flow by increasing ths effective roughness of the pipes; and, if
allowed to grow too large, could also plug condenser tuhes after
detachment fram the pipe surfaces.

Chlorination treatment will conform to IPA Iffluent Guide-

lines (40CTp., part 423) . Consagaently, it is proposed that sodium

hypochlorite be injected for a r.1ximu= cf 2 hrs per day on each unit.
Thw dosage is adjusted to restrict the average level of the egalvalent
free residual chlorine at the discharge to 0.2 mg/l over t.he 2-hr
period (=aximus 0.5 =g/1) . The actual feed rats will depend on the

chlorine reaction or decay rate in seawater.

The egaivalent free res. dual chlorine decays rapidly from
condenser ini s to ocean discharge point as a result of prolonged
exposure to elevated temperatures. Approxi=ately a 2.5 rd.n. flow or

centact time cecurs between the pu=phouse and condensers, and an

additi nal 37 min is regaired for heated discharge water to flow from
the discharge transition . structure near the pumphouse to the ocean
discharge at the diff*ser.

The in';1ke flume, pu=phouse and en-shore intake pipes will
be periodicall*; devatered for inspection. Based on experience at other

plants, it is anticipated that ever/ second yes; the surfaces may re-
Tairs scraping and painting with anti-fouling paint.

_ _ _ _ - _ - - _ _ _ _ _ _ - - _ _ -
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'

"O 3.5.5 Condetser-

,

The sodium hypochlorite injected into the cooling watet also

prevents the accumulation of slime-forming organis,ms in the condenser
tubas. Whereas, the control of marine growth in the pipes and tunnels
is reqdred essentially only during the wanner months, the control of

,

slime is required all year round. There!ote, the chlori?.e dosage desa
cribed above is injected throughout the year. I.' slime were allowed to

"

gtow in the condenser, the heat transfer efficier. y could be reduced to

unacceptable levels and plant output would be significantly reduced.-

,

:

L 3.5.6 Service Water System
,

i ;

'

Biotoulint may have to be contro111d in the service water sys-

i - tem by continuous low-level chlorination. To accomplish this, sodium

-hypochlorite would be contint.ously injected in the service water pumphouse.
!!o.other completely ef fective bistouling control measurc is presently

~ available for this sistems it is impossible to dewater and paint the

inside surfaces of the service water piping because tt is relatively |
2

i small'in diameter and inaccessi.ble. Intermittent chierination at the f
-

'

levels proposed for the main circulating wate; flow is unlikely to be.- :
I offsetive if not augmented by periodic application'of anti-fouling paint. >

Hest treatment at temperatures anticipated for the main circulating water

system, as previously described (Section 3.5.2), cannot be tolerated in
5

the service water system due to temperature limitations within the system

|- i and anything short of the time-temperature regime proposed for the circu-
| ; .

.

. ..

,

-lating. water system would not be an-effective biofouling control. Contin - '

,

j f -uous low-level chlorination, however,'is known to bw effective for bio- -

I fouling control'and consequently may be proposed'at some future date for
the service water system. Considering that the same factors of prolonged

exposure to elevated temperatures t.pply within the service water system
,

and that' the flow of the service water system is less than 6% of the total ;

coolir.g water flow, equivalent fria residual chlorine levels would be

! unmeasurable with present1y'available on-site monitoring methodology after
the service water stream is added to the main condenser discharge.

! -

'

|-
|
|

~ , _ . . , _ _ . . _ . , , , - . - . , _ . ~ , . , _ . .
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|
'

4.0 REPRESENTATIVE IMPORTANT SPECIES (RIS) |.
.

4.1 CRITERIA FOR SELECTION-

,

'~ selection of representative important species (RIS) was
' - accomplished in accordance with guidelines set forth in the manual

316(a) Technical Guidance -- Thermal Discharges (DPATT), September 30, *

1974. The following biotic categories were recognized in this guidance.

,

-t manual:
1.

'

1) Macroinvertecrates-
, - .

2) Finfish |

3) Thermally sensitive species

i-, 4) Economically important species

5) Communit;- dominants (e.g. high biomass,,-

i high numerical abundance, habitat formers)
-

,( ), 6) ' Nuisance species

This document also called attention to. the need to consider the trophic

! status (i.e. role in the transfer of energy and nutrients) of the organ-

L.. ism.

t

4 The final-list, containing a total of 16 species (Table 4.1-3;

1), was adopted by Region I EPA. The emphasis appears to have been

placed on organisms which are recognizable to the publics most have

direct economic significance. Seven of theE16 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- [
f tance,'with four of the selectees being relatively larger bodied bivalve

molluses. Three of the chosen species are primary producers (photo--

s ynthetic) , one of which has direct economic potential, (Chondrus cris-,

pus) and another posing a' direct economic threat (Conyaulax tamarensis) ..,

.

.O

.

4
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4.0-3 i

:()
\

!
~

Lists of threatened and endangered species (e.g. U.S. 0ept.

of Interior, fish and Wildlife Service 1975s Bou11engier,1974) were
,

consulted to evaluate whether there were any threatened or endangered - i

species which shonid be included as representative important species. !

Since there were no species mentioned.on these lists that have been'

'

; collected in the study area, it was concluded that more of these species
should be included among the representative important species,.

o

1 i

Ciscussions of individual RIS do, however, identify thos),

'

species which may be considered thermally " sensitive", in the sense that
,

they are-likely to exhibit a 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 objects of previous scien- |

tific study..

- i

Although discussions of non-RIS members of the marine commun-

) ities described in Section 2.3 is rather scant in the following sec-
'

tions, they have not been neglected or overlooked. Various ongoing
preoperational programs (See Section 6.0) investigate the diversity ,

' abundance, and distribution of a wide range of organisms, of which the
discussions in Section 2.3'are representative.

t ,

,

4.2 SELECTED SPECIES

4.2.1 Diatom, sketerme m natete

Skeletonera is a diatom of potential food value to herbivorous

zooplankters, and is commonly repcesented in phytoplankton collections
** - from coastal New Hampshire. Its biology has been well studied in areas

* south of Cape Cod (e.g. in Iong Island Sound and Narragansett Bay where,
.

it is characteristically the dominant species of late winter and spring
;

phytoplankton blooms) .

:C:)
:
I

I'
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-

4.2.2 Red Tide Alca.J enu.=de.m re crens O

This dinoflagellate has recently tecemo a nuistnce et;c '> "f.

major econor : irportance in acrthern New : ngl.$nd $:*:v. 34 at proBuces an
endotoxin which secumulater in clams and mussels snd csuses paralytic

shellfish poisoning (PSP) whsn these molluscs sre ingotted. C*veral

studies on environmentr ! req.' cements for gr:wth have Lggun as a result
of the threat tc public hanta ,

'
,

4.2.3 1d sh Hosi, Chen!.as crurtis
.

Irish moss is an Lmportant source of carrageenan (stabill er

in food products and industrial uses) and therefore is of potential

econcmic importance. At present, there is no commercial harw'st of

Irish moss in New Hampshirt coastal waters, although it is extremely

|||abundant at mean icw water and :an be regarded as a habitat former in

this zone. Considerable knowledge of the biology of this plant is

ava11 abler of particular interest are parallel studies ongoing at

Pilgrim Station in Massachusetts.

4.2.4 Cooecod. Ehru tc~:r herd cni

The copepod E. herdrand is a representative of the herbivorous

zooplankton and a potential food item fer larger, carnivorou: ecoplank-

ters and larval finfash. The species is common in net and pump sampleJ

from coastal New Hampsaire. The biology of this species is reasonably

well kncwn, and indicatos relative sensitivity to temperature extremes.

4.2.5 Ocean Cushoo, Arctica falandia

| The ecean c:uahog, or ah:giny clam, has f:rmed the basis of a |g
carec:cial fishery only since the late 1940 's. Currently, this : lam is

!
.
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harvested only south of Cape Cod wnere it lives in very deep water (46
feet or more). Substantial, but commercially unittportant, patches are
scattered in the vicinity of the preposed intake and discharge sites.
Many aspects of the biology of this species have not been fully inves-
tigated, although it is well known that the an'imal is extremely intol-
erant of warm water.

4.?.6 Razor Ciam, insir dirc nus

The jack-knife or razor clam is valued as a seafood delicacy,
but supports only a minor commercial fishery. No razor clams are

' harvested commercially in New Hampshire waters. Quantitative sampling
to obtain estimates of abundance and distribution are costly. Thermal |
requirement and other aspects of the. environmental biology of *.his i

species is poorly known. .'This species.was added to the list upon the {'
1 b

advice of the EPA region 1 staff.*
|

O :
,

d.2.7 Soft-the11ed Clam. Muc crenarfa

,
-

. L

From the outset, the soft-chelled clam has been a principal ,

subject of study in connection with Seabrook Station. Hampton Seabrook j

Estuary is the site of much of the recreational clam digging activity in

the state of New Hampshire. In recent years, however, these soft-

shelled clam stocks have been severely depleted. Neighboring states of
'

Massachusetts and Maine have well established ccmmercial fisheries for
;

nis species.-''With regard-to power plant operation, the main concern is

with the entrainment of planktonic larvae which have been found to be

closely associated with coastal water masses in New Hampshire and _
adjacent states' territorial waters.

..

i

0;
.

> *
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.

4.2.3 Mussel, vuei;as edu is

The blue, or edible, mussel may be regarded with amn valence
en the one hand, it is a species of great potential as a shell fishery
(Myt111 culture has been practiced for centuries in Eurcpe): en the other
hand, it is als, principal fouling crganism, outranking the barnacles,
341 Anus spp. , north of Cape Cod. The characteristic " mussel bars" or
banks censtitute a major habitat feature of many sheltered eeves and
embayments, including Hampten Harbor. These " mussel bars" at times
limit the habitat of the soft-shelled clam by encroaching on otherwise
favorable habitat. Nytllus edulls is ene of the most wxtensively studied
of any marine organism.

4.2.9 ,American Lobster. .?c arus :-cMemus

The American icbster is familiar, if only as a cooked seafood
item. The species is distJibuted over much of the continental shelf, h
although the traditienal New England fishery is almost entirely restrie-
ted to nearshcre areas. ospite widespread intensive fishings juvenile
lobsters, less than legal si:c, are fairly common in the immediate
vicinity of the proposed cooling-water intake and discharge sites for
Seabrook Station. Basically, the species occupies a top carnivore and
scavenger position and is epibenthic (dwelling on top of the ses bottom).

4.2.10 Alewife, 4!csa escudehereneus
.

The alewife is a clupecid (i.e. herring-like) fish which

spawns in fresh water. The nearest spawning areas are the Taylor and
Hampton Rivers which empty into Hampton-Seabrook Estuary. Juveniles are

ccemonly caught in gill nets set in inshere areas in the vicinity of the
intake and discharge site for Seabrook station. Adults are ce=mercia11y

important, with uses ranging frem pet food and fish meal, to the more
traditional salting er curing. The species is also used by fishermen as

bait for gamefish. Alewives feed chiefly on :eeplankt:n; the fry, in

turn are eaten by predaceous fish, such as the striped bass, and perhaps
the coho salmon (Scarola, 1973).

-
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4.2.11 Menhaden, FrePcerric J ro m a

The Atlantic menhaden is a migratory clupeoid species whese

recent appearance off the New Hampshtre coast during the warmer months

has coincided with climatic warming trends in seawater temperatures.

From Cape Cod southward, the species' parnicious habit of crowding into

embayments has led to sever.1 " fish kill" incidents at operating New

England electric generating statiens. The species has commercial value

primarily as a seurce of " fish meal". Menhaden feed on phytoplankton

and micrococplankten. They are preyed on by striped bass, and espec-

ially, bluefish.
.

t

4.2.12 Coho Salmon, Oncerhynchka kiaktch

The coho salmon is native to the Pacific northwest, but was

intrcduced into New Hampshire waters beginning in 1969 in an attempt to

( establish a salmon sport fi s he ry . Some success has been achieved with

the return of sea-run adults reared from eggs and released as fry from

New Hampshire hatcheries. It appears that the successful establishment
.

of a naturally reproducing stock will require several more years of
4

assistance from artificial rearing. It was added to the list upon

advice of EPA Region I staff.
.

4.2.)3 Smeit, Cemerus m r'om

The rainbow smelt is a marine fish, which, returns to fresh-

water in the early spring to spawn. This species is a popular sport

fish and a delicacy. It also constitutes a major prey item fer sal-

monids and other game fish. C%'marcial catches are made throughout the
.

Great Bay estuarine complex. Male there are scant data on thermal

requirements of this species, its , easer.a1 and spatial distribution

indicates a preference for colder water as well as an affinity for

nearshore areas.

.

. . W
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4.2.14 Pollack. Pc :cchius virens |||.

pellack are gadcid (i.e. ced-like) fish which are ec=mercia11y
important and very abundant. In fresh, frecen or canned seafced pro-

ducts, ;olleck schetitute for ecd as well as an even scareer close

relative, the haddock. In the vicinity of the preposed ecoling-vacer

intake and discharge area, young pollock are among the most ec= mon

midwater fish. Pollock are voracicus carnivores, feeding largely on
smaller finfish and pelagic crustaceans.

4.2.15 Fleunder, Pseuderica_*cnceres :-erie:nns

The winter, or bladtback, flounder is a nearshore bottem-

dwelling flatfish of both ec=mercial and recreational importance. It is

one of the most abundant species in the vicinity of the intake and

discharge sites, and is the mainstay of the local recreational fishing
industry (i.e. boat rentals, hait and tackle sales, etc.') . Winter ||
flounder are fairly nonselective in their feeding habits, consuming a
variety of benthic organisms. The ecology and population biology of this
species, has been the subject of ,everal scientific studies.

4.2.16 Mackerel, Seceber seembrus

The Atlantic mackecel is both a ectnercial and a sport species,
popular as a seafcod delicacy. The ce==ercial fishery has historically
been subject to great fluctuations. Prey of .the =ackerel are al= cst ex-

clusively pelagic, and include both planktenic and nektenic oryanisms.
The thermal requirements of this species are relatively well known and
indicate a enld water preferrence.

O
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5.0 !MPACT ANALYSIS-

5.1 BACKGROUND AND HISTORICAL INFORMATION

L

C.1.1 Introduction ,

Material for the following discussions was extracted from

numerous literature review articles, plus a search by ecmputer 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 Tigure 5.1-1) . Along
with thermal characteristics data these graphical displays depict s 1)

1

daily maximum surface water temperatures from three years of records
"

(14ovember 1973 through October 1976) in the vicinity of the preposed
intake and discharge sites, and 2) the general pattern of temporal
abundance. Where quantitative data were available concerning population
densities of planktonic stages, a maximum density value (in individuals

()'

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

1

S.1.2- 'sketetenema costaram

'

Skeletonema is e centric, chain-forming diatom. Like other

phytoplankters,'it experiences extensive seasonal population fluctua-
tions (e.g. " blooms") and exhibits the " patchy" spatial distribution

.

characteristic of plankton in general. Skeletonena has a relatively
*

' broad temperature tolerance (Figure 5.1-2). and is found throughout the --

1

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

!(.-- ;

At times this species has been an important representative of *

,

'

the phytoplankton community in New Hampshire Coastal waters, particu-
.-

,

larly in late summers record densities for recent years seem to have
occurred in the' summer of 1973 (Table 5.1-1). Since 1973, absolute. peak-

i - densities appear to have diminished and the seasonal peak split between

u LO
.

4
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Figure 5.1-1.
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Examole of Selecud Species Relative Temporal Abundance
and Ther al Characteristics Display.



. - . . - ..-.-._.. ._-_ _..- - - . . - - - . - . - _ - . - _ _

5.o-3
. _. - . . . . - =.

4

0 JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC .an
g5 _- 35

- . . . _ _ - _ _ . _ . _ . _ . -

| 4e

90
,

i

85 30 i

,,,

eln
80

F
u .2b 25 w* 75 - e

W &
b M
'- 7 0 w
E . 3 lh20 ww ...
% ~
c 65

.

,

/ .Z.,\..s,\
"

W
m i .s g~ so . ~ . 15.. t

,/. .

.

N . ,/. . . . ' ' 's.y... , ,
. v..,,

|// 'E'

50 2. 10
, .g,

, .
, ' ,}-45
,

#. . ' '
'

540 -

w.. . J . ..g-..

. . . . . . . . . .

ADULT,,,g.
PLANTS'"

I I
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

I

1. Upper Threshold of No Thermal $ tress (Jitts j *al.,1964)e

fa. Maximum Temperature Range for Survival. 99104' TCurl and Macleod.1961;Matsue.1954)
b. Octimum for Growth and Photosynthesis (Curl and Macleod.1961)

3. Upper Temperature Limit for Optimum Growth and Photosynthesis (Jorgensen.1968)a. Cells Withstand 25.2* At. Acclimated to 59' (Crippen 1974)s

b. $1gnificant Mortality 25.2' at. Acc11 mated to 68'.
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Figure 5,1-3, Distribution of the diatom, ske;e::r.e : es: :z

in the Western Atlantic Ocean.
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O TABLE 5.1-1. T E''EO P,A L 015701BUTION OF 1;2 fr;|.r A c ETAT:?'
(104 CELLS M 3) 0FF HAMPTON BEACH, h['.1 HAMP5 HIRE.

.

_

JAN FEB MAR APR b%Y JUN JUL AUG SEP OCT NOV DEC

1976 0.0 5.7 0.0 27 22 135 0.0 0.0 5.7 9.7

1975 0.0 29 38 457 0.0 ND 0.0 17.5 1624 17.9 114 1.3

1974 0.0 23 5.1 215 37 5.7 ND 50 1702 17.5 10.5 3.4

1973 ND ND 0.8 ND 0.0 504 3536 13,043 0.0 164 111 0.0

1972 ND ND ND 0.0 0.0 RD 2164 1,040 ND 4.9 ND .04

ND = No Data

O

O
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.

||)late spring and early fall. The :cserved changes in distribution and

abundance may reflect c mpetitive respenses of Other phyt plankters to

climat1: changes in sea tenterature. :ero values (Tab le 5.1-1) should

not be interpreted as a e eplete absence of this species but as an

indicati:n that: 1) Skeleconema cella and chains were small enough to

pass through the not, or :) patches of Skelet: nema were relatively small

and widely dispersed.

Water column stability and residence time in lighted waters

are impertAnt factors in the maintenance of growth in this and other
-

.

phytoplankton species. Skeleceneca has been found to require relatively

high levels of vitamin B-12 (Guillard ar.d Cassie 1962: Orcep 1955) and

iron chelate (Ryther and Kramer,1901) characteristic of castal waters.

W1.h plenty of nutrients, ev:Lmal temperatures and light, Skeletonema

may divide up to three times a day in laboratory culture (Sma yda , 1973).

However, reproiuction under fie'.d cenditions has been estimated at

between .03 and .63 divisions per day (NAI,1974d) .

O
S.1.3 Gen w.a = t=m r ens k

This tiny (36 ' ant) dinoflagellate is ultimately responsible for
_

paralytic shellfish poisoning (PSP) in huma s and animals . The poison-

ing results frem eating filter feeding molluscs (e.g. clams and mussels)
.

which have accumulated the poison by feeding during G. tamarensf s

blocms. The first major PSP outbreak of recent times in northern New

England occurred in July 1972: since that time, smaller episedes of PSP

have occurred each year, typically in May-June and in ;.Lyust-September

(Figure 5.1-4) . The repeated minor outbreaks appear to be the af termath

of the initial (1972) incident. Until 19':, " looms of t xic preportions

in the Gulf of Maine were confined to eastern Canada (Figure 5.1-5). High

toxicities in shellfish have been an annual phen:eenen in the Bay of
Fundy (Prakash, et al., 1971: HArtwell, 1975).

One key to the local persistence of this nuissnee species

appears to be the ability to form cysts whenever growth c nditions, e.g.

. .
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Figure 5.1-5. Distritsution of the red tide alga, 2nycat= :=.:rensis 1

in the Western Atlantic Ocean. !
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(Fi ,re 5.1-6) are unfavorable: these cysts then lie jtemperature, i

() dormant until f avorable conditions (11gnt, temperature, nutrients)
{

reoccur.

$,1.A ghcndive criatue

i

Irish moss is a perennial red alga distributed from New Jersey [
to Labrador (Figure 5.1-7), with densest populations occurring in the

Gulf of Haine. It is considered a eurythermal species, tolerant of a

wide range of temperatures (Figure 5.1-8) . Chondrus grows best on
e

stable horizontal surfaces, such as ledge and boulders, with its primary

abundance from mean low water to -33 fts in this zone it is a dominant
species. Because of substrate availability, dense populations extend to

2 f t 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 ar.d discharge site
,

. .

averaged slightly more than 400 gms/m , dry weight (range: 248-562 gms/
*

, -
m) at mean low water and 16 f t in quarterly samples from 1975-76.
Biomass tends to reach a maximum in late summer, and a minimum in winter

' (due to -erosion with little growth replacement) .- Chondrus plants repro- *
-

duce sexually from late summer to late' fall-early winter and again in
^

the spring.

.

- Although physiological studies have indicated that 68'T is

about optimal for photosynthesis in mature plants, high photosynthetic -
~

rates occur over a very wide temperature range.- Interaction with light

intensity is an= essential consideration. The sporeling stage is by far '

the most sensitive, with temperaturesLas-low as 75'T decreasing growth ,

'

and' survival-_(Figure 5.1-8).. ;

> .
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Figure 5.1-5. R e d ti de al g a , kny.r.4 ' - --~ensis , re13:ive tempor31
3bundance 3nd tnermal Cnar3Cteris ti C3.
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14. Optimum Temperature for Photosynthesis (Mathiesen and P ince.1973
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c. Sharply Increasing Respiration Rate; P/R Ratio Oec11ning
.d. Ther7tal Dama9e Indicated
2a. Cetimum Temeerature for Growtn of Scort11n95 (Prince 1971)
b. 100% Mortality of Tetrascores and Carcoscores after di0 Oays
c. 100% Mortality of Terasocres and Carcoscorts af ter 5 winutes

Threshold Beyond wnich #$ctosyntnesis Oeclines Sharoly.Sumer waterial } Ner:3a. (Matnieson anc
Threshold Beyond which Photosynthesis Oeclines Sharoly, wirter Mat.cial) 11, 1975)b.

4 PeriedofMaximumjrowthandAbundance(61cmass);(NA!.1976;Mathiesenandturns(1975)
a, up to 636 ;ms/m* at MLW at outer Sunken Rocks (NAI 1976)
b. uo to 562 9ms/m2 at !m at Outer Sunken Rocks (NAI, 1975)
c. Maximum 3rowth (NAI.1975)(Prince and Kin 9 story,1973)

5. Pri. nary Recrocuc*ive Periods ('(AI,1975; w tnieson and Burns 1971 }a

O
Ei Ure 5.1-3. Irish T. css (Cher:6.us c:-;srus) relative temporal abuncance9

'

anc ther al cnaracteristics.
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5.1.5 h rptemera herim:ni

This calanoid copepod, is cold temperate in diaribution

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

harbors and embayments. Very few individuals have been found more than
10-12 miles seaward from the New Hampshire coast (NAI, 1974d). Ter the

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

sites have shown that the species may be present at almost anytime of
the year, with maximum population densities usually occurring in the
summer months (Tat 1s 5.1-2). Most of the over wintering r. herdmanf are

immature foms. rurytemora has a generation time of about 70 days at
34'r, which decreases to 20 days at 57'F; above 66'T there is no success-

fui reproduction (Katona,1970) . Other thermal response data are given
in Figuro 5.1-10.

5.1.6 Arctica islandica

The ocean quahog (Figure 5.1-11) is the sole surviving member
of an entire molluse family (Arcticidae) the other members of which

,

,

became extinct with the last ice age. In 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

i 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 por m 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 et adults to

sustain a viable fishery (Spurr and Seamans,: 1975) . Data on. juvenile

A. Islandlea, collected during benthic surveys in the vicinity of intake

and discharge sites over the past five years, are presented in Table
~ 5.1-3.-

LO
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TABLE 5.1-2. TEMPORAL DISTRIBUTION OF n'Rrn.%t4 NER m37 (INDIVIDUkLS/m ) .3

ADULTS *

.

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

;

1976 6 0.4 1.5 0.3 9.4 302 i
r

1975 0 9.5 1.4 0 45- ND 7.3 1.6 7 1.0 0.2 0.1,

f1974 0 0 0 0 5 1040 0 0 0 0 0 0

1973 'D 10 1 ND 1270 680 850 250 0 0 0 0

1972 10 ND ND 4 148 ND 872 507 ND 24 ND 0
,

b

.
.

t

JUVENILES (COPEPODITES & NAUPLl!)

1976- 3.5 3.3 0 1.5 1.6 1095 :

1975 ND ND ND- ND ND !!D 15 83 26 0 -0 13

O- i
1974 3.5 0 0 0 0' ND ND ND ND ND 10 ND i

1973 NC 'ND ND ND 600 2570 350 90 0 0 30 100 -+

'
,

b

!

ND = No Data
r

i

!

t

__ _

-

N

O,

,

t-

('
t

.

_
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1. Maximum temperature for adult av ival (Gon: ale:. 1973)
2a. Maximum 24-48 hr temperature ane:nce (Katona,1970)
6. Growth optimum
c. Maximum temperature for reproduct.'s and development

, d. Aberrant swirming behavior observed
|
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Figure 5.1-10. Copeped, I m :c e c hs.-d 4 relative tem:cral abundance'

and tnernal :naracteristics.
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Figure 5.1-11. Distribution of Mahogany quahog, Arc:fo islandica
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TEMFORAL O! SIR'EUT:CN CF .'UVENILE n r.!;A J5;.4|| ! ATABLE 5.1 3,
(INDIVIDUALS /M'4) I.'1 THE VICINITY CF HAMPION 3EACH, NH.

|

|

|

|

|
|

|

JAN FEB PAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1976 54.4 !.C NC 9.0 NC NC NC NC No !!C tic :3C

1975 NC NC NC NC 196.6 NC 10.2 NC MC 5.8 !!C f3C
-

1974 tic NC NC NC :!C NC 2.0 NC NC !3C NC UC

1973 NC NC UC NC NC NC NC fic NC 1C UC NC

1972 NC NC ttC NC NC NC 5.5 ttC NC NC UC NC

.

1

e

NC = No Collections u de
!

;

9:

|



-_ - -. - --

5.0-19
.

P

l

(
. Spawning apparently conaences in late June-early July in both

- Rhode Island and New Hampshire waters (Loosanoff, 1953: NAI, 1977) and

continues into October. With a length of larval life of about 60 days

(Landers, 1976) this would place the period when larvae appear in the
water column at between late August to December. As recognition char-

acters have yet to be established for A. Islandica larvae, the occur-
' "

rence of the larvae in relatively low numbers in plankton collections

from this peried can only be tentatively acknowledged.

,ata on thermal requirements for this species is scant.

Unpu.468hed 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 tolerate seawater at room

temperat'tre (Figure 5.1-12).

.

5.1.i ENsisdirectus

(9' The jack-knife, or razor, clam is well known for its burrowing. %)
ability which contributes to its resistance to being removed from its

substrate. The typical habitat for this species is sandy embankments

near mean Iow water. Some samples from the vicinity of the proposed

intak.e and discharge sites have been found to contain juveniles, particularly

c in summer, with-densities in the range of three to four individuals per
2
m. The presence of adults in the area has also been established by NAI

diver observations. In subtidal NH waters adult densities were determined-

ac 2 to.6 individuals per m (Spurr and Seamans,1975) . However, because

i of the propensity to resist capture, even by a venturi suction dredge,

-these values probably. underestimate the true population density 'xisting

under ft*orable substrate.cunditions.
k

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 geographie distri-
bution- (Figure 5.1-14) , thermal tolerance of the razor clam probably

. O differs little from that of the soft-shell clam, Nya arenarla.

.

- - ,
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Figure 5.1-12. Mahogany clam (ocean quahog), Arctic is L~.dicc, reittive temporal

abundance anJ thermal charateristics. |
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The planktonic larvae are strikingly distinct from othet

) sivalve species (Sullivan,1948) ; relatively large numbers occur parti-

cularly in September-october plankton samples and are another indication

that substantial numbers of adult razor elams exist in the local area.
The small amount of numerical data availabla for E. directus larvae

suggests that population densities are about of the saae order of maFnitude

as for Nya arenaria larvae (see 5.1.8, below). -

5.1.8 Mvc aren=ria
,

The sof t-shelled clam (Figure 5.1-15) is a prominent inhabitant
#

of ssndy 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*

popula.cion to have greatly diminished (Table 5.1-4) . Replenishment of

th'e depleted stocks depends primarily on recruitment of larvae spawned
in adjacent clam propogation areas (i.e. estuaries of northern Massa-

chusetts and southern Maine). The larvae are washad out of the parent

estuary with the ebbing tide to drift up and down the coast with the

currents. Dispersal is such that population densities diminish with
~A

distance offshore. When considered over the entire season of sustained

abundance (Table 5.1-5) 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 into the narrow inlet leading to Hampton Harbor. Those that

are mature enough (larger than 240. um, or approximately 25 to 30 days

old) will: 1) attach to sand grains, or other substrate, 2) undergo

p 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. Ccmparison of Tables 5.1-5 and 5.1-6 suggests that

larval density in coastal waters is not the sole determinant of spatfall

success.

|

3
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1. Temperature Range for flor al Reproduction (Ropes and Stickney 1965)
24, Themal Maximum for Larval Su vival (5tickney,1964) reared throughr

metamoronosis (aoprox. 14 days)
e. Upper Limit of inemal Optimum for Larval Survival (Stickney,1964)

reared tnrcugn metamorphosis (approx 14 days)
3. 24 mr Median iemetrature Tolerance for Adults (Kennedy and Mihursky, 1971)

.

~

O
Flgure5.1-1f6. Soft-shell clam, c'.%c arenaric, relative temporal abundance

and thermal characteristics.
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TABLE 5.1-4 ABUNDANCE'0F u. M r.7MIA AOULTS (> 25 mm)
IN HAMPTON-SEABRC0K ESTUARY, NOVEMBER SURVEYS .

Year Mean Poculatien Denisty Standinc [2

(ft -) (Bushe~., i

1971 10.4 84 :Le
1972 8.4 56 : 3
1973 3.s 41 el
1974 4.1 56
1975 1.0 34 : 4
1976 0.3 12 3

.

TABLE 5.1-6< ASUNDANCE OF N. MI'IMIA LARVAE (140-320um)
IN NEW HAMPSHIRE CCASTAL WATERS.

9
Year Season of Sustained Abundance Mean Density

(m 3)
1974 16 - July - 5 sept.; 51 days 60

1975 16 - Aug. -14 oc:.; 59 d.ays 532

1976 27 - Jul. -27 Sept.; G2 days 244
,

TABLE 5.1-6. ASUNDANCE OF M. MS/MIA SPAT (1 TO 25 mm)
IN HAMPTON-SEABRC0K ESTUARY, NOVEMBER SURVEYS.

Year Mean Poculation Density (ft.2)

1971 92

1972 130

1973 47

1974 2

h1975 37

1976 762
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*

5.1.9 Mutilus edulis

The blue mussel (Figure 5.1-17) attachea t, alnest any hard

surface, from the intertidal well into the subtidal zone. On rocky

outcroppings n the vitinity of the preposed disc ~ arge ard intake site,_ r

adult densities rarely axceed 30 individuals per m and are often much

less dense because of the effect of wave action. During stores portions

of the outer and inner sunk rocks are sometimes totally denuded of these

animals with the focus of the damage at the low water mark. Iower down,

in the subtidal zone, competition for food and space occurs between

M. edulis and the horse musse1, Modiolus modiolus.

Juvenile settlement appears to occur throughout most of the

year (Table 5.1-7) and, therefore, may provide a more sensitive indi-

cation of cooling water system impact than adult densities :

TABLE S.1-7. TEMPORAL DISTRIBUTION OF NY:'lIUS DUIIS SPAT
FROM " OUTER SUNK ROCKS" 0FF HAMPTON BEACH, NH,

G
3

DATE MEAN DENSITY (M )

September 1975 3,443

December 1975 9,832

March 1976 3,183 .
,

June 1976 20,886

Thermal requirements for spat settlement are included with other thermal

tolerance data in Figure 5.1-18.

The principal blue mussel habitat in the local area is in
-

Hampton Harb'or, uhere extensive intertidal mussel banks are regarded
'~

with some displeasure because of recent encroachment on potential soft-

shell clam propagation areas. In the past , there has been some (unsuc-

cessful) attempt to limit this encroachment. A few mussels are taken

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

O
.

.

a
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1. Minimal : pawning Temperature (Engle and loosannff,1944)
I. Optimal Temperature Range for Larvae Survival and Growth (Lough. '974)
3a. Temperature Range for Larvae Survival (Brenko and Calabrese,1969) tested for 16-17 days

b. Erratic Survival of Larvae Observed
c. Tempe-ature at wnien 100% Mortality of Larvae Observed

4 Temperature Range for $ettlement cf Pediveliger Larvae (Engle and Leesafioff,1944)
5. Intolerance of Juvenile Mussels Found (Gon:alet, 1973)

j 6. Temperature Limit for Southern Boundary (Hutchins, 1947)-

7. Temperature Limit for Natura? Range -(Read and CunTning,1967),

| Ba. Avera9e Lethat Point for Mytilus: 105.4*F (Henderson, 1929)
_

b. 24-nr Median Temperature Tolerancei

9. Adults Susceptible to Predation (Pearce,1969)
| 10a. Temperature where Mortality of Adults Reported (Gon: ale:, 1973)-

b. Temcerature for Cessation of feeding.
11. Water Filtration Capacity Affected (Widdows,1973)
12. Rapid Fue in Teeperature Reported to Induce Spawning (Wilson and Seed,1974)
13. L'pper >cipient Lethal Temperature (Wallis,1975)

|
t
'

O" Figure 5.1-18. Blue Mu sel, epilus edalis, relative temporal abundance
and thermal characteristics.

:
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5.1.10 =rmaras c enc ~.us
O

The American lebster (Figure 5.1-19) at one time was an extremely
common bottom dwelling invertebrate, but has been extensively overfished
for more than a century. Despite this fact, the continued demands for

this species as a seafood delicacy have kept the fishing effert relatively

constant. The primary ce==ercial means of capture is to set trsps

("lchster pots") into wnich the animals are lured by bait er the opper-
tunity to seek shelter. In 1975, the latest year for which such sea-

tistics we:e available, approximately 23,400 pots were operating in New
Eampshire waters and produced a total of 480 thousand pounds of whole
icbsters. Catch data frem the i==ediate vicinity of the proposed cool-

ing water discharge site indicate relative stability in catch per

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

Temperature is an i=portant env uonmental facter for all

stages in the life of the lebster (Figure 5.1-20) . F.xtrusten of the
.

eggs frem the femalu's body, breeding, hatching, and eclting of the
adults are all stimulated by seasena.1 wa.%g of water temperature.
In northern New F.ngland, a fully mature female ichster lays between
7000 and 23,000 eggs, and usually carries the= for a year or =cre

j

(Sqaires, 1970). The first few larial stages are planktenic, with a
strong affinity for the top few centimeters of the surface waters. ~

Lobster lartae are rarely collected except in ("neuston") nets designed
to sample tne water. surface.

Available evidence suggests that coastal New Hampshire is not
an important spawning area for H. americanus. Adults are legal for

, ' harvest at a carapace length of 3 1/8 inches , when only a small propor-
tion have becc=e sexuall'* =ature. tess than 2% cf all the females,

recevered from the vicinity of the discharge site have been egg bearers,
coc, pared to an average of 23% offshore (Skud and Perkins , 1969).
Results of the 1973 lebster lartae surrey (Table 5.1-9) shewed that most
of the lartae collected were in the fcurth or fifth stage of development
suggesting that these cider lartae were drifting int: -he area frca =cre
distant breeding grcunds.

t

|
4
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TABLE 5.1-8 TEMPORAL CHANGES IN EC!M E S N!IRICr.7/S LEGAL CATCH PER EFFORT
FOR 15 POT STRINGS IN THE VICINITY OF HAMPTON BEACH, NH.

_-.

JUiiE JUL AUG SEP OCT NOV
, ,

1976 3.42 8.64 10.02 8.04 10.48 10.04

1975 3.00 5.71 9.50 9.46 10.25 10.77

1974 2.49" 6.67 9.42 12.76 9.71 13.35

1973" 5.00 4.00 -8.93 6.85 12.46 6.92

1972" 6.18 4.00 5.87 14.43 9.86 5.09

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

.

TABLE 5.1-9. ABUNDANCE OF LOBSTER, SCMw/S M.":2?Cr.7/S LARVAE, IN "NEUSTON"
TOWS OFF HAMPTON BEACH, NEN HAMPSHIRE IN 1973 (INDIVIDUALS
PER 100 M3).

,

MAY JUN JUL AUG SEP OCT -

0.0 0.0 1.9 6.0 0.8 0.0

0

- - - - - - - - - _ - _ - - -
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1. 48 hr Median Temeerature Tolerance Range. Adults (McLeese, 1956)
2a. Eggs 9 eared to Hatching (Permins, 1972)

b. Maximum Survival Temperature, 20-30 min Exposure, Larval Staces 1 througn 4
c. 6 hr Median Temperature Limit. All Larval Stages

3a. Optimum Temperature for Growth of Adults (Sastry, pers consn)
b. Optimum Temoerature Range for Larvae

4 Temperature Range of Nomal Reproduction ($ herman and Lewis 1967; Wilder.1953)
5. Lethal Temeerature Tolerante Limit. Larval Stages 3-5 (huntsman,1924)

.

O
Figure 5.1-20. American lobster, Somaras : eMe nus, relative temporal

abundance and thermal characteristics.

.. ._
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5.1.11 M esc se.i s.nrerm s

O
The alewife (Figure 5.1-21) is an anad:c=cus (freshwater

spawning) clupeoid fish which forms extensive schools far at sea.

Adults are rarely encountered inshore except during the spawning season

(April-May). However, small schoo1.s of juveniles often frequent the

inshore area (Table 5.1-10) usually aJsociated with a look-alike relative,

the blueback herring, Alesa aestivalls. Eggs (surface adhering in

stream beds) and larvae (fresh water) have not been taken in ichthyo-

plankten collections in the vicinity of the intake and discharge site.s.

In freshwater lakes, extensive mortalities have been reported

to occur 1.n s - er (Graha=, 1956). Many of the thermal response char-

g acteristics depicted in Figure 5.1-22 pertain to investigations on *

" landlocked" alewives.

5.1.12 Brevoorsic tur=~mus

The Atlantic menhaden (Figure 5.1-23) is a warm temperate

clupeoid which usually migrates into New Hampshire coastal waters in

small numbers in May or June (Table 5.1-11) . ::n 1976, these fish '

app 6ared sc=ewhat earlier, possibly because of the unusually early

spring in that year.-

South of Cape Ccd, where the species Are more abundant, the

particular affinity for warm water has led to difficulties in connection

with ther=al discharge plumes. Mass mortalities occasionally occur when

the fish are densely packed into a closely confined space, such as a

marina basin or cooling canal. These " fish kills" appear to be associt.ted

with greatly reduced dissolved oxygen concentraticns, fish oxygen requirements
being high and exygen soluability being low at temperatures which the
fish prefer. Where ther.a1 discharge plumes may be abruptly encountered,

mortalities may also be aug=ented by for=atien of gas emholi in the
fish's bcdy fluids (" gas bubble disease") . The probabill:/ of e'ich fish

kills occurring in New Hampshire offshore waters is remote because of:
1) the lack of ccnfinement, espe.cially in the vicinity of the proposed
discharge site, and 2) the relatively small population densities typical

lof New Hampshiru menhaden " runs". '
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TABLE 5.1-10. TEMPORAL DISTRIBUTION OF ALEWIFE, AIOSA PSIUDCHA.:I.7GUS, g
IN NEW HAMPSHIRE COASTAL WATERS.

EGG AND LARVAL DENSITY (4/m )

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

'

|1976 eggs to 0 0 0 0 0
lanae ND 0 0 0 0 0

1975 eggs 0 0 0 0 0 ND 0 0 0 0.002 0 0
larvae 0 0 0 0 0 ND 0.099 0 0 0 0 0

1974 eggs 0 0 0 0 ND 1.9 0 0 0 0 0 0
larvae 0 0 0 0 ND 0.0C8 2.17 0 0.185 0.006 0 0

1973 eggs ND ND ND ND 0 0 0 0 0 0 0 0
larvae O ND ND ND 0 0 0.02 0.03 0.01 .005 0 0

_-

.

O
ADULT DENSITY

(NUMBER PER 1000 SQUARE FEET OF GILL NET / CAY)
,

1976 0 0 0 0.05 0.72 0 0 0.28 0.02 0 0 0
1975 0 0 0.08 0.25 0 :C 0 0.37 0 2.62 0.07 0

t1974 0 0 0 0 0 0 O O O O O O
,

1973 ND ::D NO !C 0 0 0 0 0 0 0 0

1972 ND ND 1;D ND ND 0 ND 0 0 0 ND to

.

IC = no data

0

- - - - --_ - - - - - - - - - _ - - -- - -
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1. 90 Hour Tolerance Limit After Acc11mation to 59' (Altman and Dittmer.1966;
citing work by Graham.1956) FW

:2. - Acute Lethal Temoerature Range. Adults Acclimated to 62.6* (Stanley.1973) FW-
' 3. Able to Withstand Brief-Exposure foe. Feeding (Dorfman and Westman.1970) FW

4 .' Upper Lethal Temperature for Adults (Huntsman. In46) .
- 5. Upper Lethal Temperature Range for Adults (Treebley,' 1960) 'FW,

6. Temperature'Above Which Upstream Migration Ceases (Cooper. 1961):

FW = Study perfo: Tied on fresh water acclimated sucjects

-e
i

4

1

' 'O
Figure 5'.1-22. _ Alewife, AIosc pseudohcrengus, relative temporal abundance

and thermal characteristics.
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Figure 5.1-23. Distribution of Menhaden, Srevecr:n yrer.r.as
in the Western Atlantic Ocean.
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TABLE 5.1-11. TEMPORAL DISTRIBUTION OF fiENHADEN, BRECORTIA TYRAlltit/S,
IN NEW HAMPSHIRE COASTAL WATERS.;

3
EGG AND LARVAL DENSITY (#/m )

.

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

1976 eggs to 0 0 0 0 0
larvae ND 0 0 0 0 0

1975 eggs 0 0 0 0 0 .ND 0 0 0 0.002 0 0>

larvae 0 0 0 0 0 ND 0.099 0 0 0 0 0

1974 eggs. 0 0 0 0 ND 1.9 0 0 0 0 0 0
larvae 0 0 0 0 ND 0.008 2.17 0 0.185 0.006 0 0

i

1973 eggs ND . ND ND ND 0 0 0 0 0 0 0 0
: larvae O ND ND 'ND 0 0 0.20 0.03 0.01 .005 0 0

0''d ADULT DENSITY
(NUMBER PER~1000 SQUARE FEET OF GILL NET / DAY)

i
1976 0 0 0.02 0.02 0.05 0.12 0.02 0.02 0.02 0.03 0.02 0

1975 0: 0 0. 0 0 ND 0 0 0 1.13 0.02- 0

1974- 0 -} 'O 0 ND 0.17 0.25 0.67 0 -0 0.02- -0

1973 ND 'ND . ND 0 0 .O 6.98 0.05 0.05 0 0.10 0

1972 ND ND ND ND ND 0.56 ND 0 0 0 ND ND

ND = no data

.

'

.
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New Hampshire is very near the extreme northward limit of the

reproductive range of this species (31gelow and Schreeder,1953); t5us

cnly occasional local spawning activity is suggested by the data per.-

sentcd in Table 5.1 .1. particulars concerning menhaden the =al toler-

ance are presented in Figure 5.1-24.

5.1.13 oncer%r.ri as 'dsarch

The ccho sahen is an introduced west coast marine fish (Figure

5.1-25) that spawns in fresh water. The young spend about ene year in

fresh water hefere descending to the sea (Scarola, 1973). Sexually

mat = e individuals return after spending two years at sea (sometimes

adter only one year for "precocicus" = ales). 2n New Hampshire tha pea)-

of the spawning run usually occurs in Cet:ber (Scarol a , 1973). Coho

sal. mon have not been captured in the vicinity cf the preposed intahe and

discharge sites; however, in Never2er 1976, four juveniles (length

apprcximately 12 inches) were taken in Hampten-Seabrook estuarf with a

beach seine. .Information en the =al' requirements for this species is

su==ari:ed in Figure 5.1-26.

5.1.14 Cs-erus ~crdr=

In =arine waters (Fig =e 5.1-27) the rainbow smelt rarely

strays scre than a mile or two frem shore. With the coming of colder

te=perat= es in the fall, there fish gather in harbors and erla'i=ents in .'

preparation for the spring spawning re.n to gravel bettemed fresh water

streams. Data presented in Table 5.1-12 are censistent with this behavier

in that catches are demonstrably higher d=ing colder months. Eggs are

adhesive and are, therefore, not encountered in marine waters; the

larvae are only nc=inally encountered (Table 5.1-12) .

Smelt prefer celfer water (43-46 *? ; see aisc Figure 5.1-25)

which partially explains why the catch in the vicinity of the proposed

in+.ake and discharge sites come mainly fr = near-be: tem aters.
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la. Maximum Summer Survival for Yearlings and Adults Acclimated to 72*
(Lewis and Hettler,1968)

b. Maximum Sureer Survival and Development of Larvae
~

2. 24 hr Median Temcerature Tolerance. Adults (Battelle Columbus. 1972)
3a. Avoidance Temperature. Juveniles Acclimated to 72*(Meldrim and Gift. 1971)

b. Preferred Temperature
da. Critical Thermal Maximum for Juveniles Acclimated to $9' (Hoss et al.,1974)
b. Critical Thermal Maximum' for Larvae Acclimated to 59'

~~

5. Preferred Temperature Range (Reintjes.1969; Citing Work Done by Goode.1879)
6. Temperature Range at Which Larvae are Most Abundant (Kendall and Reintjes.1975)

, ,

;
,

'

i
.

O
| ~ ,

Figure 5.1-24. Atlantic menhaden, Srevoortia tyrcr.r.us, relative temporal abundance
and thermal characteristics.
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Figure 5.1-25. Distribution of Ceno salmon, Cr.corhgr.chas 'isarch h<
in the Wesern Atlantic Ocean.
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0 igure 5.1-26.v Coho salmon, cncorhyndras kisucch, relative temporal abundance
and thermal characteristics.
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QF'' TABLE 5.1-12. TEMPORAL DISTRIBUTION OF RAINB0W SMELT, OSER:/S NORDAX
IN NEW HAMPSHIRE COASTAL WATERS.

3
LARVAL DENSITY (#/m )

m..ru
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1976 Larvae O C 0 0 0.010 0 ND ND ND ND ND ND

1975-Larvae 0 0 0 0 0.025 ND 0 0 0 0 0 0

1974 Larvae 0 0 0 0.04 ND 0 0 0 0 0 0 0

1973 Larvae O ND ND ND 0.06 0.02 0 P O O O O

-l

s'

ADULT DENSITY
(#/10MINTOW)

.

_()76-: 19.5 22.9 45.6 9.4 0 0.10 0 0 0 0 0 1.17

1975 29.1 -5.6 22.0 8.8 0 2.D 1.7 0 0 0 0.1 0

1974' 5.0 3.2 6.4 11.4 0.9 0 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

i

i

b

o

.- . .- -. .. - ._ - . _ - . -
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and thermal characteristics.
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5.1.15 Let; fnius virens()
.

Tagging studies have shewn that pollock (rigure 5.1-29) mcVe
over great fistances (Leim and sectt, 1966). It is likely that the

neatest center of spawning activity is immediately to the south and
,

west, f rom the Isles of Shoals to Cape Ann (Steel,,1963) . Pollock eggs

are found in the area of the proposed intake and discharge site during
,

the spawning period (11ovember to January) but never in great abundance
(Table 5.1-13) . Ferhaps this is because the general circulation in ther
Gulf of Maine is toward the south (see n section 2.1.2) .

.

Pollock captured in the vicinity of the Lntake and discharge.

sitas are nearly all juveniles, seldom more than 16 inches in length.

This suggests that immature fish may remain for sometime it. inshore
"aursery" area' <hile mature fish presumably move quickly back to thei

o~ n sea after spawning.

Pollock are enid water fish, although little knowledge of

specific thermal requirements is available. What little is known is

depicted in Figure 5.1-16.7-

5.1.i6 Pseudenteuronectes americ=nus

'finter flounder inhabit sof t muddy to moderately hard bottom

in depths generally ranging from six to 120 feet, although some fish
have been found as deep as 300 feet (Leim and Scott, 1966). Throughout
most of the range (rigure 5.1-31) populations are relatively localized.

In southern parts of its range this flounder is abundant near shore only

when temperatures are generally belew approximately 60'T (see Figure

5.1-32). Favorable inshore temperatures usually occur in the south enly

in the winter months; hence, the name, " winter" flounder.

Winter flounder spawn in shallow water in late winter to

spring. Eggs are demersal aad adhesive; thus, they are not encountered

.

.

_.___._____._____m m___ _ _ . _ . _ _ _ . _ _ _._ _ _ _ _ _ _ _ _ _ _ _ _ _ ._ _ ______ ___ ___ ____



_ _ _ _ _ _ - _ _ _

5,0-48

.

-

c. -

5,
.

.

.

S e
|

|

fb %r

.-sms,g&_&_,.._.. . .Ap,.. ~ n
.,

, . ,

1 f t.

A

.

%
N g(

Figure 5.1-29. Distribution of Pollock, ?:!;cchias virer:s
in the Western Atlantic Ocean,
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TABLE 5.1-13. TEMPORAL DISTRIBUTION OF POLLOCK, ?;;14 5J;5 "J.EENS,
IN NEW HAMPSHIRE COA $iAL WATERS.

3
EGG AND LARVAL DENSITY (#/m )

Jan Feb Mar Apr !May Jun Jul Aug Sep Oct Nov Dec
1976 eggs ND 0.012 0.002 0.018' O.054 0.036

larvae HD 0.046 0.002 0 0.010 0.002

1975 eggs 0.115 0.03 0 0 0 !c 0 0 0 0.012 0.084 0.045 -

larvae 0.05 0.295 0.024 0 0 1:D 0.002 J 0 0 0.052 0.237

1974 oggs 0.78 0.005 0 0 tm 0 0 0 0 0 0.115 0.04larvae 0.50 0.02 0.03 0, ND 0 0 0 0 0 0.09 0.425

973 . eggs 10 ' IfD Nb ND 0 0 0 0 0.005 0.20 0.09 0.75.

1arvae (1) !TD ND ND 0 0 0 0 0 0 0.01 0.05

] ADULT DENSITY\
(#/1000 SQ. FT OF GILL NET / DAY)*

1976 0__ 0 0.02_ 0.02 0.05_ 0.12 0.02 0.02 0.02 0.03 0.02 0

1975 0 0 0 0 0 ND 0 0 0 1.13 0.02 0 -

94 0 0 0 0 !c 0.17 0.25 0.67 0 0 0 0

1973 ND ND 10 0 0 0 6.98 0.05 0.05 0 0.10 0

1972 ND ND ND ND ND 0.56 ND 0 0 0 ND nd

.

~

10 = no data
,

,_

O
.
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"igure 5.1-30 Policek,.::;2 m a vi.-cr.4, relative temporal soundance
and thermal charecteristics.
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c.meric.mus , in the Western Atlantic Ocean.
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in ichthyoplankton collecti ons. Distribution of the larvae and adults

O in the vicinity of the proposed intake and discharge sites is shown in
Table 5.1-14.

,

6.i.17 Scomber scembrus

The Atlantic mackerel is a pelagic fish of the open sea, and
one of the most active and migratory species (rigure 5.1-33) . In winter,

mackerel move into the moderately deep water of the outer continental
shelf f in spring, there is a general inshore and northeastward migration
(Leim and Scott, 1966). Spawning occurs in late spring to early summer,
with the area from the Chesapeake Capes to Massachusetts Bay constituting
the most important sp' awning area (Sette,1943); other important spawning
areas are well to the north of Nova Scotia (Sparks,1929) . In New

Hampshire waters, both adults and early life stages (i.e. eggs and
' larvae) have been taken during the reported spawning period (Table 5.1-

15). Somewhat smaller numbers of adults have also been ecliected at the :

() time of f all withdrawal to winter quarters.

1

According to Bigelow and Schroeder (1953), mackerel ".. .shed I

their eggs wherever their wandering habits have chanced to lead them i-

I

when the sexual products ripen." Also, ".. .mackerei vary so widely in
abundance over periods of years that the precise localities of greatest
egg production may be expected to vary from year to year depending on
the. local concentrations of fish". The wide year-to-year variations in

egg abundance shown in Table 5.1-15 are consistent with these statements
of Bigelow and Schroeder (1953) .

The scarcity of eggs in August collections is consistent with

data presented in rigure 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. two to three miles from the proposed

.

cooling water intake-and discharge sites). ;

|

.

_

_ _ r -- -- -
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.

TABLE 5.1-14 TEMPORAL DISTRI5UTICN CF WINTER FLCU.:E R , 752*;;c. |||*

? EUEC:,TCES D.TR::A::':5, 1N NEW HAMPSHIRE CCASTAL
WATERS.

3
LARVAL DENSITY (#/m )

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

1976
larvan ND 0 0.005 0.088 0.130 0.009

1975
larvae 0 0 0 0 0.012 UD 0.002 0 0 0 0 0

1974
larvae 0 0 0.02 0.02 ND 0 0 0 0 0 0 0,

1973
larvae O ND ND ND 0.46 0.61 0.02 0 0 0 0 0

e
i

ADULT DENSITY
(#/10 MIN TOW) !

1976 0.50 1.33 1.18 0.67 1.67 4.20 2.00 4.50 6.42 3.25 0.92 2.92

1975 C 4.R3 0 1.37 0 ND 1.91 0.50 2.75 1.58 1.50 0.67

1974 1.50 1.90 0.25 1.50 1.30 1.33 0.50 2.83 0 3.00 0.50 0.67

1973 ND ND ND ND 0.40 2.30 4.05 2.80 4.25 3.30 0.95 0.50

ND = no data

O
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TABLE 5.1-15. TEMPORAL DISTRIBUTION OF ATLANTIC MACKEREL. SCCE r5O SCCMERUE.

3
EGG AND LARVAL DE!.51TY (#/m )

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

1976 Eggs tid 0 0 0 0.016 0.704 IID !C TD !C ND tid
Larvae to 0 0 0 0 0.023 to !ID 10 11D ND IC

1975 Eggs 0 0 0 0 0 ND 0.007 0 0 0 0 0

Larvae 0 0 0 0 0 tm 0 0 0 0 0 0

1973 Eggs 0 0 0 0 to 37.55 0.41 0 0 0 0 0

Larvae 0 0 0 0 to 0.69 15.50 0 0 0 0 0

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

1976 0 0 0 0 0.02 0.79 0.60 3.59 3.75 0.38 0.25 0.49

1975 0 0 0 0 0 !!D 1.39 0 0 0.37 0.49 0

1974 -0 0 0 0 0 0 0.17 0.58 0 0 0.33 0

1973 ND 11D ND 0 0.10 2,08 1.46 1.46 0.36 0.99 0.68 0.05

1972 ND ND ND ND IID 0.56 ND 0 1.04 0.42 ND ND

!C = No Data

O

. - . _
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Figure 5.1-33. Distribution of Atlantic mackerel, Seember scombrus hin the Western Atlantic Ocean.-
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Figure 5.1-34 Atlantic mackerel, Secr-ber sembms, relative temporal abundance
and thermal characteristics.
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5.2 CCNSTRUCTICN EFFECTS

I= pact of intake and discharge constructicn en nearshcre

marine cceranities will be local and, generally, temporary althcugh

construction will result in the destructicn of small areas of habitat at

each location.

The intake site is located near the cuter edge of a large soft -

substrate area, and is cceposed of mixed sand and grasel (Figure 2.3-1).

Dominant invertebrate species include the a phipods Acanthchausterius

nillis, Procchnustorius deicn=annae, and Pontogeneia inermis the bivaive

*elllna agilis, the tubiculeus polychaete xyricchele hee 1, and the

burrowing anemone Edwardsla elegans (NAI , 19751) . Ensis directus ands

juvenile Arctier. islandica, both rep tesentative i=portant species, occur

in icw nu=bers at the intake sites fairly dense patches are located

closer to shore. Many species of bottom dwelling finfish also occur

near the intake site, and one of these, the winter ficunder, is a re-
,

presentative important species.
,

J

The discharge site is located in a hard substrate area that

varies between large rocks and exposed ledge (see Figure 2.1-4) . Cominant

invertebrate species include polychaete vorms in the genus Spircrbis, the
arphipod Pcntcgeneia inermis the barnacle Balanus ha 'nus, tre bivalvese

Hlaccila arrtica and Mcdiclus mcdiclus the gastrcpod Lacuna vincta, theo

starfish Asterias sp. , and a representative important species, the leb-
6ter, Ecmarus americanus. Cominant macroalgae include Phyllophora
::ancata, Agaram crihrcsum, Phycodrys ruhens, corallina c!!!.cianalis,

and Ptileta serraca (MA , 1975 , 1977a). The most abundant finfish in9

the discharge area is the cunner, but pelagic species such as policek,
mackerel and alewife, all representative important species, also utilice
the region during certain times of the year (MAI,1977a) .

Impacts on these species during construction of either the

intake or discharge will be temperary. Ouring excavation of the apprcx-
imately one-tenth acre ares for the intake s--~ ~ "-e, =cs; benthic
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() species will probably be destroyed. It is unlikely that Arctica island-

Jea, Insts directus, or any other inf aunal species located in the imme-

diate construction area will survive excavatica, and construction of the

intake area will also permanently destroy a small area of habitat for
.

*. s

these species. Finfish species such as winter flounder, ebviously, will

be displaced and teeporarily excluded from the immediate area of con-

struction. Similar destruction of habitat will occur during construc-

tion of the discharge, and attached organisms in the approximately one-

third acre area will be destroyed. Motile forms such as lobsters,
,

crabs, uand finfish will be displaced and temporarily excluded.

.

.

It is also conceivable that an increase in suspended materials
,

derived from sediments disturbed during construction at either location

may affect benthic communities beyond the immediate construction area.
| However, the nearshore zone is already subject to marked fluctuations

(see Section 2.2.0) in curbidity due to storm activity and organisms

living in the area are well adapted to such perturbations.

It is extremely important to realize.that all specio: found in

the construction areas are widely distributed throughout coastal wattra

in the Gulf of raine and in most cases over a much wider area (NAI,
!
'' 1975a, be-1977). The total area disturbed by conktruction (less than

one-half acre) is so'sme.11 compared with general distributions of potentially
affected: species that the effects of this temporary disturbance for i

local marine pcpulations will be negligible.
.

<

5.3 IMPACTS DUE TO PLANT OPERATION
.

5.3.1 Plume Entrainment.

L -,

Thermal plume entrainment, in contrast with plant passage

(pumped entrainment) discussed below, is essentially a hydraulic pheno-

menon, involving the drawing of water from a r ceiving water body into a

- . - -. - . - .- -. . - .
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|hdischarging stream. Thua. '.:e censists of a mixture of the cri-''

ginal thermal effluent, plus the eatrained receiving water. Organisms

drawn into the ef fluent stream aleng wit.h the receiving water experience

relatively brief temperature sur;es befcre being cooled to near-aebient

temper 3tures by the entrainment of more receiving water.

Discussion of the Lepact of plume exposure is organized,

below, undar three headings: 1) the possibliity of indilect effects

rssulting frem brief '.xposure, 2) sublethal symptoms of ;rcienged expo-

sure, and 3) impact of passivc plume entrainment at various stages in
'

the lif e histories of selected aquatic species. The last secticn is

treated in the greatest detail, and includes a quantitative assessment

of i= pact en early lif e stages .

5.3.1.1 Indirect Effects of Brief Excesure

Indirect ef fects are here defined as latent or time-delay |||
effects which produce a respense in sc=e organ or life stage other than

the one exposed er which are related to heat exposure by a chain or se-

quence, of intermediary processes. This topic does not include a

discussicn of symptoms in, or responses of, the exposed organisms or

life stage, as these are discussed in the sections to follew. S ach

indirect effects ea have been identified frem the literature have been

listed in Table 5.3-1:

TABLE 5.3-1. INDIRECT EFFECTS OF THE? MAL PLUME EtTRAINMENT

1. Less of egg buoyancy, leading to sinking;
,

2. Morphological abner .alities (deformities) in the
larvae resulting frem exposure of the eggt

h3. Cepletion of feed rescurces caused by heat induced
species ccepositien shifts.

_ _ _ _ _ _ _ . - -
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O The liet is ver/ sh7tt becavTe neat as net a substance (like
a biocide, for example) whic! can accumulate and be passed up the food
et.ain, but a property which it readily passed off to a cocler body

(thermodynamics). Neither can one compare heat to extremely short-wave
electromagt. etic radiation (f rom ultraviolet light to gamma rays) . For
the most part, ef fects of heat are recognizable immeuintelys excess heat
alters (ultimately inactivates) cell chemistry, but (unlike short-wave

electromagnctic raciation) has nevsr been known to produce a toxic
reaction product.

Of the three items on the list cf indirect ef fects, the first

n mentioned (without documented evidence) by only one authority (de-

sfiva, 1969) and relates to the f act that the heated plume is less dense
than the underlying cooler water s hence, the loss of (positive) buoyancy
in the eggs. The consequences of the sinking are presumed by desylva

(1960) to bas (1) encounter with bottom waters of poorer quality

(oxygen depletion, toxic products of decomposition, etc.) and (2)

() attenuation of incident light below levels required fot normal develop-

ment. Neither consequence appears appropriato under the conditions
which prevail of f hampton Beach. Furthermore, f.t is unlikely that the
egg would sink very deeply before encountering ambient densities,
whereupon the sinking rate would assume natural proportions. Attan-

uatien of incident light (which is naturally subject to videly errstic

fluctuations, in any case) would seem to be of marginal effect, especially
considering the offsetting benefits in terms of reduced visibility to

potential predators.

The second item on the list considers the effect of early heat

exposure on subsequent (unexposed) developmental stages. Both desylva
,

(1969) and Kinne (1970) cite evidence for this , but only one primary
source (Battle, 1929) appears to deal with sudden brief exposure of the

type experienced during plume entrainment. While the hypothesis that
this response can be generallred for all aquatic organisms seems tenta-
tively acceptable, the point to be made frem the experiments performed

{)
is that the temperature elevations required to produce this latent

1

.

--- .m _.m.- _____ __



.__ _ ________ _ ___ _ __- _ .-_ .

5.0-63

effect elesely aper:ach these which creduce direr. respenses g the g
creanisms affected. Thus, a simple solutien ca4 be found in being
slightly on the conservative side with regard to assigning heat tol-
erance limits, as will be discussed further in Sectien 5.3.1.3.

The final item on the list is also mentioned by several
authors (desylva, 1969: Kinne, 1970; Miller and Beck 1975) and pertains
to presumed (heat induced) changes in local f aunal assemblages, which
result in r6 placement of native prey (fcod) organisms by less edible
species with greater tolerance of cooling-water system 1.mpace. Imbedded

in this hypothesis is a chain of assumptions each of which demand proof'.
Suffice it to say here, however, that, with cegard to the Seabrock
Station cooling system design, any a.rgument advancing s.uch an idea would
be particularly weak because of the measures which have be6n taken,
namely location of the intake in offshore waters and employment of a
multiport diffuser (see section 3.1) to pretect coastal faunal asseeslages
against any displacement on a broad scal'. It should be emphasized,

that in the literature search, it was found that the overwhelming majority
of the investigatiens pertained to bpacts associated with a closely

eenfine,_d_ system, such as a lake, estuary, river or ectayments few studies
have dealt with such an unconfhed system as is represented by the areo

,

proposed for discharging cooling water from Seabrook Statien.

5.3.1.2 Sublethal Ef<ects of Prolonced Plume Exeosure

Ef Lects of prolonged exposure treated here emphasi:e those >

which develop as a result of strengly svi= ming organisms (finfish,
shrimp, squid, etc.) deliberately choosing to remain in the thermal
plume. The situation is analogous to a person working in the sun on a
hot su=mer day. In fact, the first three effects listed in Table 5.3-2

are directly akin to symptems of heat stroke and heat exhaustien that

might strike the su=er sun laborer, un. css he see9s protection. Appar-

ently both fish and men are about equally li%ely (or unlikely) to seek
relief. At least one study (Spigarellis 1975) shewed that, although the g

t Ws
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e

t

O tes't 5.3-2. Sus't's^' trrtc's or ot'teta^'t aao'o"oto txrosuat to tstax^'
PLUME CONDITIONS. (FROM de SYLVA, 1954 and KINNE, 1970). |

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

2. - Increased sensitivity to other physiological stress (synergisms)

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

.

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

5. Out-of-phase reproduction and development

6. Morphemetric changes (e.g. smaller body size at compa.rable growth
stage)

.

7 Decreased growth rate'and body mass

8. Inactivation of thermally laeile enzymes and processes dependent
thereon ie.g. those which control melanism -- the lightening
and darkening of body oigments)'

9... Increased incidenes of disease / parasitism

,

-

f

I

I
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fish tended to concentrate in the -thermal plume, individual stays were jg
brief.

Again, it should he emphasized that information cencerning
deliberate se'.ectica of ahove ambient therr.a1 cenditiens derives from
elesely eenfined areas where plumes are, more or less, in statienary
equilibrium. That such behavier will be evident at all off Hampton

Beach, wf.th Seabrook Station in cperation, is pure conjecture at this

point . The potentially impacted area is subject to strong actions of

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

section 3.3) It is expected that even the most persistent rwimming

organisms will have f * Teriodically relecate themselves in the ple=e,
thereby unavoidably encountering near ambier.t conditions for consider-

able amcunts of time. rJ.nne (1970) and others (Miller and Beck 1975:
Wolfson, 1974) have concluded that the intermittent nature of this heat

exposure will eensiderably reduce the chance of developing symptems and
ef f ects listed in Table 5.3-2.

O
5.3.'1.3 Demonstrations of Thermal Imcact on Reeresentative Soecies

t

Casa presented in graphical displays (section 5.1) were eval-

uated to deter"ine an " impact threshold" temperature for larvae (and.

eggs, where appropriate) of the 9 animal species that have potentially
entrainable planktonic stages. The " impact threshold" *:emperature was
defined as the icwest temperature at which any detrimental effect
(including sublethal effects) ( .1d conceivably occur ;iven the brevity

'

of exposure experienced during thermal plume entrainment. For a few of

these species (notably the pollock, Pollachius virens) values were
selected largely en the basis of intuitive reasoning (e.g. , seasonal
distributien of the larvae or eggs) . Cn the other hand, for most spe-'

cies (particularly, menhaden and winter ficunder) , the nature of the

availab) . data r.ade selection of threshold temperatures rather clear.

O

L
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The month of maximum impact was simply the month in which peak

larval (egg) abundance usually occurred (Section 5.1). The critical it

('F) was determined by subtracting from the " impact threshold temperature"

the monthly mean of daily water temperature maxima (Table 5.3-3) for the

month of maximum impact.

Computing the number of individuals " critically" exposed to

the heat of the discharged water was accomplished using data on life

stage numerical density (section 5.1) . Volume-rate of entrainment, to

the point at which the plume will have cooled below the critical at ('F)
,

was estimated using the follcwing ferwulas

Ce = Qd x (at - Atc)g

ate

where

Qe = volume rats of en*rainment (m per day) to the
critical at (*F) .so therm

Od = volume rate of discharga st the diffuser port

O 63
(equal to intake hydraulic leading, 4.66 x 10 m
per day)

At = initial at at the dif fuser port (39'F)g,

at = critical At, from column 5, Table 5.3-3.
e

Entrainment volume rates (Ce) are given for each of the nine species in
,,

column 6, Table 5.3-3. Estimation of the number of organisms hypothet-

ically entrained in the " critical" portion of the plume (columns 7 and

8, Table 5.3-3) was accomplished simply by multiplying organism numer-

ical density (per m ) by Qe.
4

The numbers indicated in Columns 7 and 8, Table 5.3-3 are

extremely conservative and should not be construed to imply direct mor-

j talities. At least two studies (Hubbs and Bryan, 1974: Schubel, 1974)

uade it clear that fish eggs are unlikely to be killed outright by

exposure to heated dischartus. Similarly, copepods and bivalve larvae

acute mortalities have been shown to be insignificant (NAI , 19 7 6 a) , 4

given the brevity of the exposure. Maximum exposure times (column 9,

O Table 5.3-3) were obtained frem physical and analytical models of the

.



TABLE 5.3-3. QUAtlTITATIVE ASSESSMEtiT OF RELATIVE IMPACI-DUE 10 DISCl!ARGE PLtRE Et1TRAltiMENT.

o-
E!.'
5- -

z ..: :/ MAXIMutt tio. Or
MM b 5 5 M' 5 It:DIVIDUA1. EXPOSED MAK I.$0M

w

E EE ul! "E h 10 CillIICAL PORI!Oti E Xi'OSURE5 +M 5 U #5 6 ENTRAIfa ENT OF IllERitAL PIIIME IIME
Mu' Ee M votUllE (SECOES)@s u. k'

w
U S6 5S i 5 AT RATE (Qe) TCUTE ArdiliAL* " * '' 'F (10 % 3/ day) (MILLIONS /DA7)(BIL lions

SPECIES (1) (2) (3) (4) (5) (6) (7) (8) (9)

Cog e t =Al, l'urgtemaira herd- Adults

mani .f uven iles 68 Jun 56 12 10.4B 35,100 ' 2166. 4.0

Mussel, Mytilus cJulis Larvae 69 Jun 56 13 9.32 37,280 3e35, 3.4

Clam, Mga arenarij Larvae 79 Aug 64 15 7.46 1,179 13 ~5 2.6

Inbster, ,lomu e us amer-

icanus larvae 06 Aug 64 22 3.60 0.21 .009 1.5

Sene l t , Osmerus murdar Ia rvae 64 May 49 15 7.46 0.45 .018 2.6

I'lounder, Pseudopleur-
onectes anuricanus Larsae 70 Jun 56 22 3.63 2.2 .122 1.5

Menhaden, Drevoortia Djgs 75 Jun 56 19 4.91 9.13 .2nu 1.0
tyrannus la rva< . 83 Jul 62 21 4.00 U.68 . 2814 1.6

I
Pullock, Pollachius Eggs 59 tsov 49 10 13.51 .13.5 .770 6.0

virens larvae 49 Jan 40 9 15.53 7.76 .412 0.0

Mackerel . SconJ>er Eggs 65 Jun 56 9 15.53 Su l. 17.7 85 . 0

scr e rus Larvae 68 Jul 62 6 25.63 397. 12.4 30.0

1 2
applied only in years when local waters serve as in-

3422 averagu females (Bigelow uxl !=2rtant br eeding grounds (see section 5.1); e<jul- m
*

Schroeder, 1953) valent to the production of 39 thousand average o
females (ulgelow and Schroeder, 1953) $.

as
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proposed Seabrook Station cooling water discharge system based on
O hemogeneous conditions for a ver" low ambient current velocity: there-

fore the values represent conditions wnich tend to overestimate the

limits of the thermal plume.

The influence of the ti.emal plume on intertidal organisms,

particularly those attached to the outer and Inner Sunk Rocks must also

be considered as part of, the plume entraitunent issue. The sporeling
stage of Chondrus c fspus may be considered a thermally sensitive inter-

tidal indicator. The critical at for Chondrus sporelings is evaluated

- to be +7'T (Section 5.1.4). Hydrothermal model tests, ccnducted by

Alden Research Laboratories to predict thermal plume behavior, both-

under normal operating conditions and during bsckflushing, show the
worst case to be encroachment of the +4'T isotherm upon these rocks.

Therefore it is not anticipated that htertidal impact of the themal

plume will be detectable. -

On the other hand, there is some indication (section 5.1.9)

that elevating the temperature of the water surrounding the sunk rocks

| by 2 or 3*r may be detrimental to the settlement of pediveliger larvae

of #ptilus edulfs for brief periods during summer. A few hydrological-

| model scenarios show that optimum temperatures for settlement may be,

exceeded when ambient sea surface tempera +.ures exceed approximately 67-

69'F.

1,

!

i 5.3.2 Entrapment

Nektonic organisms too large to pass through the condenser

cooling system, such as squid and,finfish, may be drawn 17.to the intake
structure-and trapped or impinged upon the plant's traveling screens.

Any living organism thus entrapped or impinged is susceptible to
_

injury and, ultimately, death unless escape is possible. Since the

Seabrook Station cooling water system configuration with widely

L' separated intake and pump house locations generally precludes incor-

poration of an effective escape mechanism, the task of mitigating ad-

4
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verse impingement and entrapment effects is best achieved by designing

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

The design of an intake structure that adequately safeguards

the environment involves several steps. Guidance for such a procedure

is availabic in the ";evelopment Occument for Proposed Eest Technology
1.va11able for MinimiriAg Adverse Environmental Impact of Cooling Water
intake s tructure s " U. S .I .p . A . , 197 3 ) . According to this dccument the

"best technology available" for a cooling-water intake is one that

minimires the impacts of entrainment and entrapment.

The first step to reduce the pctential magnitude of potential

entrapment and impingement impacts is to gather sufficient information

en the characteristics of the biological ec=munity to ha protected. For

Seabrock Station, studies of the temporal and spatial distributien and

abundance of the nekten have been under way for over five years. Particular
.

emphasis has been placed on identifying the location of fish spawning

grcunds, migrator / pathways, nursery areas and other similarly critical

areas. Natural water temperatures have been measured nearly continuously '

in these waters for over four years. Infor:ation has been gathered on

fish swim:ning capabilities for many local species of importance. All of ,

these study findings have been useful in locating and .esigning a cooling -
water intake structu o reflecting the best technology available for

minimiring adverse effects. Based en this knowledge of the marine environment
offshore from Hampton, the basic criteria set forth by the U.S. EPA

for a.n acceptable intake location are met in that the area may be character -

ired as follows: (1) No rare or endangered species are found in the areas

(2) the area does not serve as a principal migratory pathway for important

ecemercial and game-fish species; (3) the area does not serve as a

principal spawning or nursery area for any important commercial or game
*

fish; and (4) the area is not biologically dissimilar frem other New

Ha=pshire coastal waters. Furthermore and very important, the intake

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

the water colemn, the level of lowest fish abundance.

O
1
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1
I

After fixing the locatien, the design was optimi:ed. The

proposed intue rtructure design incerporates a 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 sensa

horizental currents better than vertical currents and thereby are better

3.ble to avoid possible capture. -

The velocity cap intake concept originated in California when

in 1957 Southern California Edison Ceepany sought means of minimizing

|fish entrapment at their then proposed Huntington Beach Steam Station.

This station is located on the coast and draws its water from offshore,

as will Seatrook. Offshore intakes in California, prior to this date, I

were of the simple standpipe type and had an essentially vertical intake

flow. At times, existing stations such as the El segundo and P,edondo

Beach plants were known to entrap relatively large quantities of fish. i
'

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 vectors, but did

perceive and orient to a horizontal current and, thus, were in a better

position to avoid entrapment. From this finding developed the concept

of a velocity cap which could be placed over the existing standpipe intakes,
thereby converting the approach currents to horizontal. Since this was

a laboratory study with scale models and small fish, the next step was to

apply the velocity cap principle to full-scale testing.

Based on the laboratory results, a velocity cap was designed

and insts11ed at El Segundo Station. Comparisen of fish entrape.ent

figurea before and after installation revealed that the velocity cap re-

duced the numbers of fish entrapped up to 90s. As a result of this

proven effectiveness, similar caps were retrofitted at all Southern

California Edisen Stations with ocean intakes and were incorporated into

d
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all new designs. The concept was also adepted by the Los Angeles repartment

of Water and pt.wer for their .'cattergced Staticn. As further testimony

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

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

of a sterm.

Subsequently, additional scale model studies have been cena

ducted in California, as reported by Downs and Meddock (1973) and Schuler

and Larsen (1975). These authors concluded (1) Velecity-capped offshore

intake structures affer significantly more protection to fishes than do

uncapped structures. This is simply a confirmation of Weight's (1956)

results: (2) When approach velocity is reduced fcr a given velocity cap

the numbers of fish entrapped decreases. With a 'centrol velocity cap
intake at 2.5 ft/sec, the percent reduction frem control for varicus

test esps of lower velocity ranged for one test fish species (anchovy,

In7:aulis mordax) from 70s at 2.0 ft/see to 64 at 0.5 ft/sec. Two other
, test species (white croaker, Cenyenemus lineatusi and walleye surfperch, .

Hyperpresopen arpentium) showed et arable values -- 67% at 2.0 ft/sec
and 24% at 1.0 ft/ secs (3) Existing caps were fcund to have a non-

uniform approach velocity frem top to bottom of the annular opening,

with much higher current speeds at the icwer iip. Consequently, it was
near this lower edge where most fish were drawn in. To correct this,

caps were modified to extend both caps and lower lips hori:entally frem

the standpipe (the so-called "T" structure). This modified design was

tested against earlier caps and was shown to take 30% to 40% less fish.

Further experimentation with this improved structure shewed a definite

velocity effect. The mean percent of fish entrapped, relative to a

2.5 ft/see centrol, ranged frem 12% at 1.5 f t/see to 57% 'at 2.0 ft/seca

(4) drawing frem the "T" structure cencept, a circalar modified

structure, with an extended herirontal riser (see Figure 3.3-1) was

designed and tested against both the "T" structure and the conventional
cap currently in use. The circular mcdified cap was as effective as the
"T" structure while offering certain engineering advantages. In ccmpar-

ison with the cenventional cap, the circular redified structure took
20% to 40% fewer fish (5) for both engineering and fish protection
reasons, the circular =cdified structure with an appecach velecity of
1.5 ft/see was censidered.

1
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1

|

IThe design of the Seabrook intake structure incorporates all
of the entrapment-mitigating features illuminated by sne California lab-

oratory and operating plant experiences. The intake will incorporate a i

circular velocity cap located approximately just below mid-depth. This

depth was selected because studies to date (!!AI,1975h) have shown it to
be the trea of the water column least-frequented by fishes: it will be

,

- aM ve the area utilized by demersal forms and below that generally used
i bi' the surface-oriented, pelagic migrate.ry forms. Threshold velocities

et the outer margin of the cap orifices will be uniformly about one ft/

sec. As the following table (5.3-4) illustrates this is well below,

both the burst and sustainable swim speeds typical of local finfishes

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

SUSTAINED BURST
SPECIES VELOCITY VELOCITY SOURCE (S) 1

Clupea harengus 2-4 ft/see (Blaxter & Dickson, 1959: ,

Brawn,1960s ?oyar,1961)

Norone saxat424s 2 ft/sec (Kerr, 1953: Tatham, 1970s
Bibko et al., 1972)

Pollachlus virens 2 ft/sec 6 ft/sec (Blaxter & Dickson,1959)

BravoertJa tyrannus 2 ft/sec 4 ft/sec (field observations Mill-
stone Station)

Set - er scombrus 6 ft/sec 10 ft/sec (Blaxter & Dickson, 1959).

Gadus verhua 2.5 ft/see 7 ft/sec (Blaxter & Dickson,1959:'

Beamish, 1966)
3-

Pseudopleuronectes
americanus 2 ft/sec 4 ft/sec (Beamish, 1966).

,

; - Most fishes should-therefere have no trouble detecting, orienting-to, and ,

i escaping the low-velocity horizontal currents which will typify the Seabrook
intake structure.

t

O
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in additien to inccrporating the design features found to be

eff ective through West Ocast powerplant intake e.r;eriences, an additional
measure has been included 1.n the Seabrook design to further reface entrap-
ment potential. Based en kncwledge of the resident ichth*/ofauna, it

appeared that the cunner (Tautopolabrus adspersus) could be relatively

susceptible to entrapment because of its feeding habits cunner browse
.

hard-substrate attached forms (e.g. , barnacles and blue mussels) . To

eliminate the potential attractiveness of an invertebrate covered struc-

ture to cunner, the exterior surf aces of the intake structures will be

covered with an antifouling material (see Section 3.5.4) .

As a final consideration, various regulatory agencies have

adopted a position favoring the Seabrock-t/pe velocity cap intake struc-

ture for coastal cooling systems. The U.S. Atomic Energy Commission

funded a review of powerplant intake structure designs and their environ-

mental acceptability. This study was conducted by the Hanford Engineering
Covelopment Laboratory, a subsidiary of Westinghouse Electric Corporation,
and resulted in a report entitled, "A Review of Thermal Power Plant Intake !

*

Structure Designs and Related Envirere. ental Consideratiens" (Sonnichen,

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

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

ially significant conclusien in that the velocity caps reviewed had approach ,

velocities greater than 2.5 ft/sec. It implies that velocity caps are

unlike conventional shoreline intakes or standpipes, and that they can
successfully operate with ?~ reach velocities greater than those typically

recoccended for intakes wita.aut caps. Sinilarly, the U.S. Environmental

Protection Agency (CSEPA, 1373) concluded that:

"...The ' velocity cap' intake can be recommended to be

censidered for all offshore vertical intakes since it
would add relatively little to the cost of the intake,,

and has been shewn to be generally effective in reducing
fish intake to these systens..."

9
1
!
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These regulatory agency findings substantiate previously established

conclusions that the Seabrook Station intaxe structure design represents

an environmentally acceptable device which will minimize the adverse

- effects of unpingement and entrapment on the indigenous nekten.

5.3 3 Passace Through the Coo 11no-Water System; Pumeed Entrainment*

Morta11 ties attributable to mechanical and hydraulic stress e
~

organisms pumped through elsetric generating station cooling-water syst
have been documented (McLean, 1973: Bunting,1974; Davies and Jensen, l', .

,

Combined with the heat stress (up to +39 F At) it is reasonable to ausu'on

that few, if any, RIS individuals would survive passage. Thus, assessment

of losses, due to purped passage need only account for expected population

densities (m ) and the hydraulic loading (approximately 4.66 x 10 m / day ),

ignoring the distinctions i.. J.IS thermal tolerances. Results of his approach

are shown in. Table 5.3-5.

O 5.3.4 Backflushino

i
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 abe w (section 5.3.1.3) . Critical
entrainment volumes given in Table 5.3-6 were obtaiaed from physical and

[
analytical models of the proposed feabrook Station cooling-water system
as it-is expected to operate during backflushing (Figure 5.3-1). .The

volumes listed in Table 5.3-6 were calculated with the assumption that

the backflush cycle will discharge 120 F. water f;- 6 hours when in reality
. .

120 F water will be discharged for 2 hours to accomplish biofouling control
(see Section 3.5.2? . Although this assumpticr. simplifies the calculations,

it does result in an overestimation of volume entrained at 120 F and
the:efore of thermal impact of the backflush plume. In other words, it is

a " worst case" estimate.

O
.
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TABtE 5.3-5. QUAtiTITATIVE ASSESSf1ErlT OF RELATIVE IMPACT DUE TO PASSAGE TilROUQi IllE C00LIriG-
UATER SYSifM.

HAXIMUM fiO. OF ItiDIVIDUALS
PASSIf4G TliROUGI PtAtiT

ACllTE AfimlAL
TATE 10ftS/ DAY) IlilLL10 tis)

__

Colnetal, Eurylcmora herdmani
adults and juvemiles 15,611 963

lienssel, Mytllus edulis

larvae 18,640 1817

Clam, Nya arenaria
736 U3

larvae .

I

in1sule r , Homarus americanus

larvae ~ 18 .012

Smelt, Osmerus mordar
larvae 0.20 .011

Y lons ule r , Pseu<fopleuronectes americanus
larvae 2 . 11 .158

ne ntsa de n , Drevoortia tyrannus
8.9 .266(Eggs)

(fxe r vae) 10.1 . 3 11

l'onluck, Pollachius virens
3.6 .266(Eggs)
2.3 .124

(larvae)

Mackerel, Scomber scombrus
175.0 S.31(Eggs)
72.2 2.26(I.a r vae)

o

J.

O O O
-. . , _
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TAbt.E 5.3-6. IMPACT OF SUBLETHAL EXPOSURE TO CRITICAL PORTION OF THE
THER!%L PLUME DURING ONE COMPLETE BACKFLUSHING OPERATION,
SEABROOK STATION.

.

Species Stage Critical Max. observed Maximum No. Overall Impact
Entrainment orgsm. Oensity Individuals

Vol. (x106 m D (No./m3) Exposed

$; % ,. ~, m 'i"% "
'

5. n suo n 5autaa a $u.al . =

0:1,ou, u~e 4." "* a.0autan a au ate. -
-

,

, _

f,"*,,ggj, urvae 4.05 2500 10.1 million ne gligimie , r*, H

=t*

a=:;;,,,,,,,_ um. 2.65 0.0. u , ..- neouga1., o,.,

,=;,,,,,,,,,$ ume 4.05 0.o. 2a3 .- n.,uga1. , .. .

t1ourser
PseudoNecrotu rtes mae 2.65 0.61 1.F2 million negligible, 5, H

americanus
.-

Menhaden Eggs 3.08 1.90 5.85 21111on negligible, NR,5
arevoortta tyrannus urvae 2.75 2.17 5.97 s.1*11on negligible, NB,$ g

Pollock Eggs 6.44 0.78 ,5.02 m,111on negligible, 5, R
PoMacMus virens urvae 7.25 0.50 3.62 million negligible, s, n

Marneral Eggs 7.25 37.6 .9*1 mil; ion - negligibte, S. h
Scomber scorJrus Larvae 11.34 M9

}.
mill on negligible, 5, H

RP = high population potential; H = potential los us insignificar,t compared
to direct fishing pressurest la = local area not impvrtant as a creeding
ground; S = potential loss insignificar.: compared to natural mortality (i.e.
starvation, predation and disease)

.

1

O

|
1

_ . _ _ _ _ . . _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ __________ __
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Figure 5.3-1. Seabrook Station backflush plume entrained volume.(worst case)
Test 215 at 100% power level.
Test 309 at $3% cower level.
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Estimation of the number of organisms theoretically entrained

g in the " critical" portion of the plume (Table 5. 3-6) was accomplished by

multiplying the organism's maximum density (per m ) by critical entrain-

ment volume, as in Section 5.3.1.3. Tnese numbers are extremely conserva-

tive, given the brevity of exposure (e.g., 41 seconds to at > +10 F), and

should not be construed to imply direct mortalities. As previously stated

in Section 5.3.1.3 Hubbs and Bryan (1974), and Schubel (1974) have shown

that fish eggs, in particular, are unlikely to be killed outright by .sxpo-

sure to typical heated discharges. Similarly, acute mortalities cf cope-

pods and bivalve mollusc larvae exposed to discharge plumelike conditjons
have been shown not to differ significantly from controls (NAI, 1976a).

(In this thermal bioassay, planktonic organisms were exposed to a tem er-e

ature that decreased from a At of 5 F in approximately 30 seconds. The

animals were subsequently held at at cf 5 F for apprcximately 1 hour) .

Table 5.3-6 shows maximum potential exposures for one complete

backflushing operation. Given the proposed schedule of two backflushings

per month during the principal fouling season (approximatoly April through
October), and no more than one backflushing per month during the colder

months, it is un'ikely that backflushing will have an impact on the life

cycle of any one species more than 2 to 3 times annually due to the rela-

tively short planktonic period of meroplanktonic species. Certainly,

there would be only a single yearly episode of the magnitude presented
'

in Table 5.3-6; in most instances, the chance that the impact would be

as great as suggested in Table 5.3-6, in any given year, is less than

likely. In the case of the mackerel, for example, egg and larval dens.-

ties have been an order of magnitude or more below the densities givan

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

Considering such variables as 1) the sice and area occupied by

the reproducing stock; 2) natu:al causes of mortality, such as starvation,

predation, and diseases and 3) fishing pressures to which several of the
species are subjected, periodic backflushing en t!.e indicated schedule will

have only negligible impact on plankton. Natural mortalities of between

5% and 11% of the total New Hampshire coastal population per day have been

9

--- - - - - - - - - - -
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estimated for the copepod, It.:rytemera herfmani (NAI, 1974e) and for the

larvae of finfish closely related to some of the representative important
species considered here Cadied fish (Jones and Hall,1973) and plaice

(Cushing and Harris, 1972). These natural nortalities 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 death rate in 1/10 square mile

of ocean, according to population si=ulation model results (Ocnes and

Hall, 1973).

.

5.4 TOTAL IMPACT

A s m mf of the foregoing discussions is presentrd in Table

5.4-1. Such nu=erical assessments as are presented here are neant to

provide scoe measure of the relative sensitivity of the RIS to ther:ml

effects, they are not intended as predictions. Due to the use of cen-

servative assumptions througheut this extreise, these numbers undoubtedly
overest h te the true impact.

Consideration of entrap =ent impact applies only to larger bodied
RIS, the American lobster and the seven rept.esentative finfish species.
Since the intake structure will stand S to 10 feet above the sea floor,

entrapmant of lobsters and other demersal for=s, e.g., flounder is not

an important consideration. Expected finfish entrapment impacts have been
discussed in Section 5.3.2. Although there is no feasible =eans of put-

ting entrapment impact into quantitative terms until Seabrook Station is

in operation, it has been pointed out (Secticn 5. 3. 2) that the intake

st=cture will incorporate certain design features expected to be very
effective in minimizing entrapment potential.

In the case of plant passage (pumped entrain::ent) projected
nu=erical impact is expected to be largely lethal. However, in the case

of the nal plume exposure, negative impacts, if they occur, are expected
te be largely sublethal and/or indirect (for exa=ple, temporarily dimin-
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ished ability to feed or escape predation). Even so, exposure to crit-

ical plume temperatures will be so brief (less than lo seconds except in

the case of mackerel larvae; see Table 5.3.3), that it is extremely likely

that the numbers gros.=ly exaggerate incipient mortality due to encounter

with either the nor=al discharge or backflushing plume.

,

Co=ments in the extre=e right hand column of Table 5.4-1,

antitled : "Overall response expected", are based on speculations concern-

ing those life phases or processes which would most likely represent the

Pl3 response. In the case of the phytoplankter, Skelecene=a ecstatum,

inactivation of algal cells passing through the plant. =ay be offset by

a stimulator / effect, and possibly a ec=petitive advantage conveyed during

winter, from the dissipated heat of the ther=aa plume. Therefore the ,

t

"overall" response is assesned as neutral. A similar argument applies

to the red tide alga, Gonyau.?ax tamarensis, except that the effect of

local upwelling on this species is as yet unclear. Only spores of Irish

=oss, Chondrus c Ispus, will pass through the cooling system. W.er the

dissipated heat from the the:=al plume comes in contact with the r .tached

plants, some unseasonable growth may be supported. Again, as 'in che case
of Skeletrne=a, any potential detrimental or beneficial effects are

expected to be effectively neutralized by other extrinsic factors (such

as available light) whi:h strongly control the growth and su: rival of

plant species. -

A=ong the sni=al species the situation is even more complex.

Heat from the dissipated plume, however, is not expected to convey any

advantage to the species listed in Table 5.4-1. Holoplanktonic species,

represented by the copepod, Euryte=cra herdmani, will be entrained at

all life stages. The potential effects of pcwer plant operation on

such holoplankters should be sitigated by their enor=ous recovery rate,

whi:h is due primarily to a short breeding time and a widely dispersed

breeding stock.

Sivalve colluscs, represented in Table 5.4-1 by four species,

are potentially vulnerable pr + ily at the pelagi: larval stage. Although
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- liter.$,lly billions of larvae will be consumed, it is necessary to under-

stand that because of evolved compensatory mechanisms for natural

mortality due to starvation and predation, etc., only a tiny fraction of

this pro pcted loss of planktonic larvae will be realized in adult popu-

lations.

Because of the extent and intensity of the population studies

which have taken place, and because this species is as vulnerable to

adverse impact as any found locally, the sof t-snelled clam, Mya arenarla,

has been selected as an example of the " worst case" of total impact to

meroplanktonic species. In the following discussion, an attempt is made

to translate into the ecuivalent number of harvestable clams the number

of planktonic larvae exposed *o: 1) passage through the plant cooling

system (pu= ped entrainment), 2) temperatures in the discharge pluma

greater than the critical at (15 F) and 3) temperatures in the backflushing

plume greater than the critical St. This approach conservatively assumes

that all clam larvae exposed to a critical at will be killed which, as

discussed above is unlikely to be the case for any species.,

Using data obtained during six years of surveys (NAI,19770) ,

spat survival ratios (Table 5.4-2) were es.imated by approximating the

areas under size-frequency modes assumed to represent certain year-
'

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 survivorship. .

Values presented in Table 5.4-2 represent a composite of individual iear-

class survivorship from the umboned larval stage to young-of-the-year

spat involved, relating the seasonal total larval population existing off

the coast of northern Massachusetts, New Hampshire and southern Maine
~

(estimated to be 1 to 2 trillion in 1975: NAI, 1977c) to the total

standing crop of newly settled spat within the same regien (estimated as

2 to 4 billien in early 1976; NAI, 1977c).

O

. . _ - . _ .
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TABLE 5.4-2. ESTIMATED AGE RELATED SURVIVORSHIP OF SOFT-SHELL
CLAMS , N?A ME?MIA (NAI , 1977b) .

AGE SPAN SURVIVAL RATIO
-

Umboned larva to young-of-the-year 0.002 = S ,

Young-of-the-year to yearling 0.022 = S
7

Yearling to 2 yr olJ 0.265 = S
3

2 yr old to 3 yr old 0.275 = 5
s

3'4yr old to 4 yr old 0.200 = 5
5

4 yr old to 5 yr old 0.152 = S
6

To coc:pute adult equivalency of larval loss, the estimated

nu=ber of larvae entrained (N ) was multiplied by cumulative survivor-
ship (i.e., the product of .survi' cal ratios for each life stage, S ,5'

2

S , etc.); de resde is 5e nder of aduh cles W) dat represent
3 A

the presumed total entrainment loss, assuming no density dependent
limiting factors operating on the adult clam population.

In calculating the nu=ber of larvae that would pass through the
cooling system (pu= ped entrainmenti, 1976 data have been used throughout.
The 1976 data indicate that the mean nurter of larvae passing the proposed

3intake site, frem 28 June to 19 Octcber, was 158/m / day. Given that the
hydraulic consumption of the plant, at maximum capacity, is approximately

3 63 '

54 m /see or 4.66 x 10 m / day', the daily passage of N. arenarda lar/ae

would be 736 x 10 . Over the entire 113 day period of study (extending
beyond the season of sustained abundance), this amounts to approximately
83 billion umbened lariae consertatively assumed to be fatalities had
Seabrcok Station been operating at full capacity throughout the su==er
of 1976.

| Similarly, it may be shown that, at a discharge plume entrain-
63ment volume rate of 7.46 x 10 m / day (Table 5.3-3) , the daily entrainment

0of N. arenari.a larvae would be 1179 x 10 ; thus 133 billien larvae would

have ec=e in contact with " critical" discharge plume temperatures during
the 1976 season.
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If it is assumed that the backflushing operation occurs three

times during the soft-shell clam's peak density of 2500/m , then it fol-

lows from Table 5.3-6 that approximately 30 x 10' larvae will be briefly
exposed to a critical ft or higher each year.

In computing the equivalent impact of pumped entrainment of

larval clams in tems of yearling clams (shell length approximately 20

to 37 mm), the following survival ratios must be included: 1) umboned

stage (point at which N is established) to young of the year (S ) andy

2) young of the year to yearling (5 ). Thus, the equation:
2

N =SSNg y2

is solved as:

9Ng=0.002x0.022x83x10 - 3,652,000

According to tables. provided in Belding (1931) it would take approximately

_50 clams averaging 32 mm in shell length to fill a quart measure. Thus,'
,

the potential resource loss would be equivalent to 14,600 quarts (455

hushels) of yearling clama.

Similar calculations were performed for two year old clams.

In this case, survival from the end of the first year to the end of the

second year of settlement must be factored into cu'mulative survivorhip.
Thus:

N = S S S "L23

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

.

It would take approximztely 92 clams of this age (average shell length:
,

44 mm) to fill a quart measure (Belding, 1931): thus, the potential

resource loss would be equivalent to approximately 10,520 quarts (329

bushels) of clams.

O



.. .

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

|
|

5.0-84

Table 5.4-3 su= mart:es the results of equivalency computations g
for age groups up to 5 years. Assuming chat this potential loss averaged

across each of the five age groups, fairly represants the potential loss

to New England clas diggers, then the loss of 196 bushels per year due to

pu= ped entrainment, 314 bushels per year due to plume entrainment, and
70 bushels per year due to backflushing, for a total of 580 bushels, is

offer'ed as a concervative assessment.

It has been esti=ated (NAI, 1977c) that there are approximately

2500 acres of clam flats, in southern Maine, New Hampshire and northern

Massachusetts within the potential influence of Seabrook Station.

Hampton-Seabrook estuary is estimated to have approximately 175 acres of
clam flats. If these flats are assumed to be equally affected, then

approximately 7% of this less (totalling approximately 40 bushels) can be

assessed against Hampton-Seatrock estuary.

It becomes readily apparent that, based on these conservative

calculations, potential soft-shell clam resource losses due to operation

of Seabrook Station can hardly be expected to be notable. In 1975-1976,

clam diggers apparently recoved approx S tely 3600 bushels from Hampton-

Seabrook flats, despite the drastically reduced stock (NAI, 1977c). The '

annual loss to the Hampton-Seabrook flats attributed to operating Sea-

brook Station, by the above calculations, amounts to only 1% of this i

harvest rate.

I,obsters, Romarus americanus, are neavily overfished inshore

t.hroughout northern New England so that the principal impairment of stock

replacement is the taking of adult ani=als which would otherwise breed '

and propagate young. The relatively few larvae which de enter New Ha=p-

shire waters are sparsely and unevenly distributed so that even the large

quantities of sea water to be used by Seabrook Station for cooling will

entrain relatively few of them.

O
1

1

_______________ _ ___ _ _
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TABLE 5.4-3. ESTIMATES OF POTENTIAL LOSS BY AGE GROUP.

D_ _ .

AGE SHELL LENGTH TOTAL NUMBER DRY MEASURE EQUIVALENT
(YRS) (MM) (N ) QUARTS BUSHRS

A

a. Plant Passage (Pumped Entrainment)

1 20-37 3,652,000 14,600 456
2 37-52 967,780 10,520 329
3 46-60 266,140 4,670 146
4 53-64 53,230 1,280 40
5 59-67 8,030 253 8

Average 196

b. Discharge Plume Entrainment (Normal Operation) *
,,

1 20-32 5,e43,200 23,260 730
2- '37-52 1,548,000 16,800 526
3 46-60 425,800 7,470 234
4 53-64 85,170 2,050 64
5 59-67 12,900 405 13

Average 314

c. Backflushing *

1 20-37 1,320,000 5.280 165
2 37-52 348,000 1. 183 118
3 46-60 93,000 1,632 51
4 53-64 18,000 433 14

5 59-67 2,700 84 3-
Average 70

Overall Total 580 t

L_

* Estimates are doubly cctservative, given that the brevity of
discharge and backflush plume exposures above critical'
temperatures will be unlikely to result in 100s mortality.n

;;

As discussed in the text (Section 5.4), approximately 7% of
this loss or 40 bushels is assessed against Hampton-Seabrock
estuarf which represents approximately 1% of the 1976 annual
harvest rate.

O

.
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of the seven finfish species included among the representative g
important species, three of them (alewife, sal =en and smelt) are anadro-

=cus, meaning that the reproductive products and the very young fr/ will-

essentially be absent from the vicinity of the offshore cooling water sys-
tem. In addition the winter flounder has demersal eggs, which preclude
their being entrained by a near midwater level intake system. :=portant

breeding areas of the menhaden, which is only a warm water visitor to

the area, are > ell to the south of Cape Cod. Mackerel breed while in

migratory transit, and thus only infrequently utill:e New Hampshire

waters as a breeding ground.

4

perhaps a " worst case" of i= pact frem the cooling water system

or, a finfish species would involve pollock which are reported to have an

i=portant. spawning area nearby (Section 5.1.15) . If the highly conserra-

tive numerical vs1.ues given in Table 5.4-1 are taken to be addicive it

cannot be conceived that total larral lesses could possibly exceed $36

million in a single year. As previously cited (section 5. 3. 4) , Jones

and Hall (1973) have developed a simulation model for the growth and
death of haddock lariae (a species taxonomically related to pollock) '

whith indicates a death rate of 10% per day. A similar modeling effort
,

by Cushing and Harris (1973) showed a mortality rate of 5% per day (80%
per =enth) at larral densities between 1 and 5 per =3 Chese natural,

losses, which are projected to occur primarily due to stariation, would

a= cunt to 50 million larvae lost per squtre mile per day using the Jones
and Hall (1973) approach, or approximately one larvae for every S = of
seawater using the Cushing and Harris (1973) method. Considering the

a=ount of seawater in tne i==ediate vicinity of Seabrook Station (New

Hampshire territerial waters, to 3-=11e ll=it, enclose apprcximately

54 square miles of ocean) it app urs that natural causes =ay bring about
the destruction of more finfish lariae in one day than Seabrook Station

would destroy in one year.

Pt .eems reasonable to conclude that, in evaluating the total

effect of all hazards to marine life, constr.:ction and operation of

'seanr:ck Station can be expected to play a relatively ::.nor role. The

1
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([ prospect of negative impact by this powerplant on indigenous plant and
animal communities is grestly diminished given the perspective of

natural causes of cortality. The maior challenges to population survival, j

namely: widespread dispersal of early life stages beyond areas presently
suited to adult development, starvation, predation and disease have been

met and overcome long ago in the evolutionary history of the marine

organisms now inhabiting the area in question.

In addition to the inherent capability of thest populations to

compensate -for stresses, the design of the. cooling water system has incor-

porated several features which should further mitigate the impact on indi-
-

genous populations resulting from operation of the Seabrook Station. These

features include:
,

.

1. Minic; .ation of cooling water volume in order to limit

the number of planktonic organisms subjected to pumped

entrainment
,

. ')
- - 2. Use of a diffuser on the discharge to expedite the cool-

ing of the heated discharge water and 10mit the areal

extent of water with temperatures greater than a At of-

5F

3. ' Location of the discharge structure over a mile effshore -

in water greater than 50 feet deep in crder to assure 4

,

'

greater cooling of heated dische.rge 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 mi16 ffshore,

10-17 feet off the bottom in water greater than 50 feet

deep to minimize entrapment of demersal species and

surf ace-oriented migratory fish as well as buoyants

fish eggs, in addition to permitting :ones-of-passage
,

- for migratory fish both inshore and offshore of the

() intake locations

|
'
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,

5. Use of a circular velocity cap and low intake approach

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

!

6. Use of anti-biofouling material en intake structures to
~

minimize entrapment of " grazing" fish species.

,

t

I

!
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( ) 6.0 GLOSSARYOFPERTINENTBIOLOGICALANDH"DR0GRAPHICTERMI

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

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

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

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

aquatic growing er living in, or frequenting, water

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

e

assimilation the uptake of food or other materials for incer-

() poration as new biomass

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

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

benthic pertaining to'the subaquatic bottom

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

1. epibenthos (epif auna) : pertaining to
organisms crawling over the bottom (starfish,
crabs, etc.)

2. infaunas pertaining to organisms burrowed
within the bottom substrate (clams, worms,
etc.)

,

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

D)\-
,

1

I

|

|

|

|



.

*

6.0-2

4 macrobenthos (macroir.ve rtebra te s ) : larger
bodied forms , including all benthi: organisms
of direct e: ncmic value to man

bicassay a test, conducted in the laboratory or naturel
environment (in situ) , in which orcanisms are

used to detect or measure the presence or effect
of one or more substances or conditions, i.e.,

toxic chemicals or conditiens -

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

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

Brachiopoda a group of animals having bivelve shells within
which is a pair of microscopic, tentacle-bearing
"ar=s" used in feeding

Chaetcyna tha a group of small, free-swimming marine wor =s
having movable, curved jaws (chaetse) on either
side of the mouth !

Chordata a phylum of animals which have, at some stage of
development, a " notochord" (longitudinal elastic | h'
supporting rod), a dorsally situated central ner-
vous system, and gill clefts. All vertebrates,

and some marine invertebrates (such as the acorn
worms, tunicates, etc.) are members of this phylum

Coriolis effect an apparent f:rce which accounts for the effect
of the earth's spin on particles moving over the

| face of the earth; in the Northern Hemisphere the
apparent deflection is to the right

crustacean (class: Crustacea) includes the crabs, crayfish,
lobsters and shrimps; characterited by a hard outer.

shell (carapace) over the head and mid-body (thorax)

demersal living near the sea floor

densimetric Froude
Model a laboratory based model in which one or more

nondimensional numbers represent physical factars
such as pressure gradients, gravi:y and/or friction,
movement of fluid systems. The adjective "densi-
metric" refers to a concern with the fluid's den-
sity. William Froude was a pioneer in fluid
mechanics

O
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r~g deposit O?etrita)) a feeding process whereby food organisms and
z(,j_ feeding organic debris are gleaned from settitd matter

resting on, or in, the bottom sediments

detritus any fine particulate debris, usually of organic
origin

diatoms single celled microscopic plants forming a major
component of planktont with cell walls of silica

Dinoflagellate unicellular organisms, roughly ovoid but asym-
metrical, some possessing covering plates of

'

cellulose (thus the term " armored") and typically
possessing a flagella; may or may not be photo-
synthetic

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

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

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

_

ecosystem all the organirms in a communicy plus the asso-
ciated environmental or abiot .c (i.e. , physico-

chemical) factors

embolus (pluraltemboli) any foreign or abnormal particle circulating
in the blood, as a bubble of air, a blood clot,
etc.,

endemic native to a specific geographic area

| entrainment (plume the hydraulic incorporation and passage of
or momentum) Tmbient waters and organisms into and through

a discharge plume

entrainment (pumped) the uptake of planktonic organisms in the water
by an intake structure and their_ passage through

|
the entire circuit of the circulating water

, system
i

l entrapment the uptake of macroscopic organisms, mainly fin-

; fish, which will not pass completely through the

L circulating water cooling system but be impinged
l on the screening or filtering devices prior to

j entering the plan:

O
,

|

!

I
- - e w



I
1 .

!

'

6.0-4
.

estuary a semi-enclosed, tidal bcdy of saline or brack-

|||ish water with free connection to the seat often
the lower reaches of a river which flcws into
the ocean

euphotic cone the layer of water which receives suf ficient
sunlight to sustain surplus photosynthetic pro-
duction above respiration needs

exoti cs nonendemic species; not native but introduced

fauna animal life (entire group of animals of an area)

filter (suspension) a feeding process employed by many aquatic organ-
feeding isms whereby small food organisms are gleaned frem

the water column in which they are suspended

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

flora plant life (entire group of plants of an arec)

food chain the transfer of energy from one organism to the
next (e.g., plants - gracing animals - carnivoro -
top carnivore)

food cycle production, censu=ption and decomposition of food
and the energy relationships involved

.

food web a group of interrelated food chains

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

,

,

Froude Scale Model see densimetric Froude Model

genus (plural: genera) e group of cpecies so closely related as to
share the first part 'f a scientific name

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

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

high-water the upper limit of'the surface water level
reached by the rising tide r also called high tide

indicator species an organism of a particular species which con-
stitutes an important link in .te biotic ec= unity
such that it represents uhe fate of the ccm=cnity
with respect to i= pact of changed environmencal
conditions

- _ _ .. ..
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indigenous native

intertidal shoreline :ene between extremes of high and
low tides

ischaline pertaining to or indicating equality of salinity
at a given time or place

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

knot a unit of speed equal to 1 n mi/hr or approxi-
mately 51 cm/se.

larva independent, active, innature stage of an anbmal
which is quite unlike the adult in appearance

light compensation depth at which production by photosynthesis just
level balances respiration (02/CO2); delineates the

lower limit of the euphotic =ene

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

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

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

low water the lowest limit of the surface-water level
reached by the ebbing tides also called low tide

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

mariculture (see aquaculture); the cultivation of marine (sea)
life

mean low water mean value of the lowest level reached by both
daily ebbing sides; for western North Atlantic
locations it ic ":ero" depth

meicfauna seen benthos

metabolism process by which an organism builds and breaks
down (cytopla smic) cc= pounds within itself; the
sum of chemical changes by which energy is pro-
vided for vital processes, and for the fermation

O and destruction of living tissue

_ _ - _ . ..
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molluse (phylum :Mollus ca ) includes :lans and cysters ||h(bivalves), cetopi, squids and snailst having
sof; segmented body and a hard, calcar:cusa

shell, which is external except in squids,
ectopi, cuttlefishes, et:.

motile capable of movement , net fixed er sessile

nanoplankten aL= cst submicroscopic plankten (5 to 60 micro-
meters in size), not ordinarily collected by
typical plankten nets

neap tide lowest range of tidal excursion, occurring near
the times of the first and Isst quarter of the
moon

nekten free swimming aquatie organisms, including fin-
fish, squid and the larger shri=ps

neritic shallow water marine environment; the open waters
near a ceastline over the centinental shelf

neusten organisms 's living in a thin surf ace film layer
of a water bcdy

niche a concept which c:mbines an organism's habitat
and functienal role in the community

i

northeaster a storm characteri:ed by strong, ucisture laden,
winds fr m the northeast quadrant

' organism any. living individual, plant or animal

pelagic pertaining to the cpen ecean, whers organisms
spend most of their ti=e ficating er swimming
freely; net in centrnet with the bettem regard-
less of whether the water is shallcw or deep

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

photosynthesis the formation of carbohydrates from :arben
dicxide and water in the presence'ef chlorophyll
using sunlight as an energy scur:e

photo trcpism a stimulus reacti:n er crientation respense to
4 _4 , .w.t

Phorecidea a marine animal phylum censisting of a few species
only; they are rather small, worm-like and gsedentary except for the free swirming larva
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(2j plankter planktonic organism

% /-
plankton macroscopic and microscopic organisms passively

drifting or weakly swimming in natural waters

1. phytoplankton plant plankton (i.e., diatoms,
etc.)

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

I
3. meroplankton temporary plankton, mainly |

eggs and larvae: seasonal occurrence

4.- holoplanktoni organisms with complete
life cycle in the plankton

5. ichthyoplankton: finfish eggs and larvae.

6.- tychoplanktens bottom dwelling, organisms
briefly carried up or occasionally actively
-swimming into the pelagic :ene (e.g., mysid

|shrimp) |

l

plankton bloom a sudden rapid increase to an enormous number I

of individual phytoplankters under certain condi-
|

tions |

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

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

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

red tide discoloration of surface waters, most frequently
in coastal :enes, caused by large concentrations
of microorganisms, particularly dinoflagellates
in the planktons may be toxic to some organisms-

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

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

I.

,

!
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salinity a measure of the quantity of dissolved salts
in seawater; formally defined as the total

-

amount of dissolved solids in seawater in parts
per thousand (o/co) by weight

sedentary (ecologically) asually, 4ttached to some sub-
stratum, non-motile

seiche a standing wave oscillation of an enclosed or
semi-enclosed water body that continues, pendu-

g

lum-fashion, after the cessation of tne origin-
ating force, which may have been atmospheric,
seismic, or tide-induced

i

sessile -having lost the ability to move, attached or
stationary

shellfish a popular term, including both molluscs and
crustaceans (clams, lobsters, etc.)

spat the larvae of young bivalve molluscs (i.e.,

clams, russels, oysters, etc.) just after setting.

species a group of organismo that possess one or more
distinctive characteristics in commen, and can
interbreed, reproducing these characteristics
in the o f f spring

sporeling a tiny plant form which develops following ger-
mination of the spore (reproductive body of
primitive plants)

spring tide tide of increased range which occurs about every
cwo weeks when the moon is new or full -

succession a sequential process of community change with
timer interactions between preceding (early cole-
nizing) organisms and *.he environment, create a
situation which favors a succeeding organism or
organisms. The theoretical endpoint is " climax"
growth

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

'

!
4

i
i

'
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thermocline the layer of' water in which there is a sharp

f(~} or marked temperature change over a small
~(_j. increase in depth: this usually occurs in summer

and occupies a mid-depth position, causing a
physical (density) isolation of surface and
bottom waters

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

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

tropism a-directed movement in response to a stimulus
+

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

'

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

upwelling the process by which water rises from a lower to

p a higher depth, usually as a result of divergence,

(_/ or surface water moving offshore to be replaced
by inflowing bottom water.

viable' capable of living

vitality reproductive successi capacity to live and
develop

y

r.

!
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