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STUDY DESIGN/

RATIONALE
1.0 STUDY DESIGN/RATIONALE
1.1 APPROACH

The purpose of this renort is to as-
sess whether there have been changes in
the “"balanced, indigenous populations®
in the nearfield coastal waters of New
Hampshire as a result of the first 17
months of commercial operation of
Seabrook Station. The ability to deter-
mine whether operation of the plant has
affected the aguatic biota in the ares
is dependent upon & systematic approach
to impact assessment, incorporating both
temporal and spatial components (Figure
1.1-1). Potentisl operational effects
could be ruled out if: (1) results from
the operational period were similar to
previous (preoperational) years; or, (2)
differences within the operational peri-
od were observed in both nearfield and
farfield areas. In addition, other
potential source: of change were inves-
tigated before conclusions were drawn.
This study design was modeled after
objectives discussed by Green (1979)
which have been described in more detail
previously (NAI 1891b).

A basic assumption in the monitoring
program was that there are two major
sources of naturally-occurring variabil-
ity: (1) that which occurs among dif-
ferent areas or stations, i.e., spatial,
and (2) that which varies in time, from
daily to weekly, monthly or annuaily.
In the experimental design and analysis,
the Seabrook Environmental Program fo-
cused on the major source of variability
in each community type and then deter-
mined the magnitude of variability in
each community. The fraquency and Sgpa-
tial distribution of the sampling 2ffort
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were determined based on the greatest
sources of variability for each parame-
ter (NAI 1991b). Biological variability
was measured on two levels: species and
community (Table 1.1-1). A specie
abundance, recruitment, size and/or
growth are important for understanding
operational impact, if any. Thus, these
parameters were monitored for selected
species from each community type. These
species were chosen for more inteusive
study based on their commercial or nu-
merical importance, sensitivity to tem-
perature, potential as a nuisance organ-
ism, or habitat preference. Overall
community structure of the biota, e.g.,
the number and type of species, total
abundance and/or the dominance struc-
ture, may alsc be affected by plant
operation in a way not detected by moni-
toring individual species. Therefore,
the mnatural wvaristion in community
structure was also monitored.

A previous Summary Report (NAl 1977e)
concluded that the balanced indigenous
community in the Seabrook study area
should not be adversely influenced by
loss of individuals due to entrapment in
the circulating water system (CWS),
exposure to the thermal plume or expo-
sure to increased particulate material
(dead organisms) settling from the dis-
charge. This assessment focuses on the
likely sources of potential influence
from plant operation, and the sensitivi-
ty of @ community or parameter to that
influence within the framework of natu-
ral variability (Table 1.1-1). Natu-
rally, a8 community or species within the
study area might be affecied by more
than one aspect of the CWS. However,
results from this menitoring program
will be discussed in light of that as-



SEQUENCE OF EVENTS
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Figure 1.1-1. Sequence of events for determining if there are environmental
changes dus to the operation of Seabrook Station. Seabrook
Operational Report, 1991.
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TABLE 1.1-1.

FOR EACH POTENTIAL IMPACT TYPE,
SEABROOK OPERATIONAL REPORT, 1991.

SUMMARY OF BIOLOGICAL COMMUNITIES AND TAXA MONITORED

MONITORING
AREA

IMPACT TYPE

SAMPLE TYPE

LEVEL MONITORED

COMMUNITY

SELECTED
SPECIES/
PARAMETERS

Intake

Discharge

Estuary

Entrainment

Impingement

Thermal Plume

Detrita)
Rain

Cumulative
Sources

Microzouplankton

Macrozooplankton
Fish eggs

Fish larvae
Soft-shell clam
larvae

Cancer crab larvae

Juvenile/Adult fish

Nearshore water
quality
Phytoplankton
Lobster larvae
Intertidal/shallow
subtidal macroalgae
and macrofauna
Subsurface fouling
community

Mid-depth/deep
macrofauna and
macroalgae

Bottom fouling
community

Demersal fish

Lobster adults

Cancer crab adults

Estuarine temperature
Soft-shell clam

spat and adults
Estuarine fish

x M > >

> > x

b

»x e X
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STUDY DESIGN/
RATIONALE

pect of the cooling water system that
has the greatest potential for affecting
that particular component of the biolog-
ical community. This approach was ex-
plained in more detail in the first
operational report (NAI 1991b).

Entrainment and impingement were ad-
dressed with in-plant monitoring of the
organisms entrapped in the circulating
water system (CWS). The effects on the
balanced, indigenous population of aqua-
tic biota in the waters in the vicinity
of the CWS intake and discharge struc-
tures were evaluated through continued
monitoring at the stations established
during the preoperational period and
statistical comparison of the results at
both the community and the species lev-
els.

The approach to this presentation will
be in reverse of the "normal” scientific
technical report in order to carry the
reader from the general to the specific.
Thus, the findings of the study to date
are summarized first (Section 2.0) while
the detailed results and methods are
presented in succeeding sections (3.0
and 4.0). The null hypothesis in all
tests is that there has been no change
in community structure or selected spe-
cies abundance or biomass. This in turn
would indicate, based on the approach
outlined in Figure 1.1-1, that the bal-
anced indigenous populetions have been
maintained. As mentioned previously,
the focus will be on the particular
impact type that is most pertinent to
the particular population.

1-4

1.2 STUDY PERIODS

Environmental studies for Seabrook
Station began in 1969 and focused on
plant design and siting questions. Once
these questions were resolved, a moni-
toring program was designed to assess
the temporal (seasona)l and yearly) and
spatial (nearfield and farfield) vari-
ability during the preoperational period
as a baseline against which to evaluate
conditions during plant operation. This
report focuses on the preoperational
data collected from 1976 through 1989
for fisheries studies and from 1978
through 1989 for most "~ "kton and ben-
thic studies; durin, :v.uv years sam-
pling design has consistently focused on
providing the background to address the
question of operational effects.

August 1990 is considered the begin-
ning of the operational period for the
purposes of this environmental assess-
ment. Commercial operation of Seabrook
Station began intermittently in July and
August 1990, and continued for periods
of approximately three weeks in Septem-
ber and October. After operation at
1002 for less than a week at the begin-
ning and end of November, the plant
operated nearly continuously from Decem-
ber 1990 through July 1991 when it was
shut down for routine maintenance (Fig-
ure 1.2-1). The circulating water sys-
tem was active throughout 1990 and 1991,
although occasionally at reduced levels
(Table 1.2-1).
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Figure 1.2-1. Average daily power level at Seabrook Staton 1991. Seabrook

Operational Repor, 1991.

TABLE 1.2-1. MONTHLY CHARACTERISTICS OF SEABROOK STATION OPERATION IN

1990 AND 1991. SEABROOK OPERATIONAL REPORT, 1991.

DAYS OF CIRCULATING WATER AVERAGE DAILY
SYSTEM OPERATION FLOW (mgad)
MONTH 1990 1991 1990 1991
Jan 31 N 324 584
Feb 28 2B 564 580
Mar 31 3N 563 580
Apr 30 30 563 581
May 31 31 562 581
June 30 30 563 578
Jul 3 3N 582 5358
Aug 31 21 588 253
Sep 30 26 588 257
Oct N 3 590 552
Nov 30 30 590 590
Dec 31 31 589 591
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SUMMARY OF FINDINGS
INTAKE AREA STUDIES

2.0 SUMMARY OF FINDINGS

2.1 INTAKE AREA STUDIES

2.d.1 Entrainment
Background

The focus of monitoring plankton in
the intake area (Figure 2.1-1) was to
evaluate the effect of entrainment of
organisms by the circulating water sys-
tem (CWS) on community structure and
population levels in the nearfield area
(Table 2.1-1). Due to their limited
control of horizontal movements and
often broad vertical distribution in the
water column, most types of planktonic
organisms could be exposed to entrain-
ment. Estimates of total monthly levels
of entrainment are presented to quantify
losses to bivalve larvae and fish eggs
and larvae. Community structure and
abundances of selected species in the
nearfield area during commercial opera-
tion were compared to historical condi-
tions and to farfield conditions. These
comparisons address the question of
whether the balanced, indigenous plank-
tonic populations within the study area
have been affected by the plant intake
during commercial operations to date.

ntrainmen im

Although Seabroock Station has operated
its circulating water system at varying
levels since 1985, no power or heated
discharge were produced until the summer
of 1950. Entrainment of bivalve larvae
and finfish eggs and larvae has been
monitored since June 1990. These col-
lections provide a measure of the actua)

2-1

number of organisms directly affected by
plant entrainment.

It has been shown previously that
community characteristics of entrained
organisms were similar to the indigenous
populations monitored offshore, adjacent
to the intakes, a2t Station PZ (NAI
1991b). Eggs or larvae of some fish
species were entrained less frequently
than their natural occurrence would
suggest because of their stratification
within the water column. For example,
cunner larvae concentrate in near-sur-
face waters (NAl 19Blb, 1981f). In-
plant (entrainment) samples represent
water primarily from the middle of the
water column since the intakes draw
primarily from that depth zone. In
contrast, offshore collections at Sta-
tion P2 are oblique tows encompassing
the entire water column, thus capturing
species that may be more concentrated
near the surface or bottom.

The number of bivalve larvae entrained
monthly was estimated from June through
October 1990 and late April through
early August 1991 (Figure 2.1-2): sam-
pling was not conducted during a sched-
uled maintenance outage of the plant
(August-September 1991). Three taxa.
Mytilus edulis (blue mussel), Heter-
anomia sqQuamula and Hiatells sp., com-
prised more than B85% of the bivalve
larvae entrained during June and July of
each year. Modiolus modiclus was inter-
mittently entrained during this period.
Monthly entrainment of the soft-shell
clam Mya arenaria was reduced in 1991 in
comparison to 1990, during comparable
months. Reduced CWS flows during the
outage in August and September, when
larvae reached their peak abundance



TABLE 2.1-1. SUMMARY OF

AND MANOVA RESULTS

POTENTIAL EFFECTS (BASED ON NUMERICAL CLASSIFICATION
) OF OPERATION OF SEABROOK STATION INTAKE ON

INDIGENOUS ZOOPLANKTON AND ICHTHYOPLANKTON COMMUNITIES.
SEABROOK OPERATIONAL REPORT, 1991.

DIFFERENCES BETWEEN
OPERATIONAL PERIOD OPERATIONAL AND
COMMUNITY SIMILAR TO 5 PREOPERATIONAL PERIODS
PREOPERATIONAL PERIOD? CONSISTENT
AMONG STATIONS? *
Microzoop lankton:
seasonal occurrence yes yes
abundances yos yes
Bivalve larvae:
sea 1 occurr yes yes
abundances ne - most Op<Precp yes
texcept Il gdulis)
Macrozoop lankton
holo/merocplankton,
seasonal occurrence o3 yes
abundances >Preop yes
tychop lankton:
seasonal occurrence yes yes
abundances no-variable among yes
species
Fish eggs:
seasconal occurrence yes yes
abundances no-Op<Precp in yes
several taxa
Fish larvae:
seasonal occurrence yes yes
abundances no-variable among taxa yes
*pased on results of numerical classification or MANOVA.
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Figure 2.1-1. Plankton, water quality and entrainment sampling stations. Seabrook
Operational Report, 1991.
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SUMMARY OF FINDINGS
INTAKE AREA STUDIES

levels in local coastalwaters led to
reduced entrainment. Peak total en-
trainment in both 1990 and 1991 occurred
in mid-summer, coincident with peak
sbundances of Mytilus edulis. The lower
abundances of M, edulis larvae observed
in local coastal waters (P2, PS5, P7) in
1991 compared to 1990 was reflected in
lower entrainment levels.

During the periods sampled, entrain-
ment of fish eggs reached peaks in June
of both years. Levels of fish egg en-
trainment were an order of magnitude
higher than for fish larvae (Figure 2.1-
2). Approximately 95% of the ichthyo-
plankton entrained were fish eggs.
Maximum fish larvae entrainment was re-
corded in the summer of 1990 and the
winter of 1991, each peak involving
different species. However, interannual
differences in sampling periods make
comparisons of total entrainment between
1990 and 1981 difficult. Cooling water
flows were reduced during the scheduled
outage from the second week in August
through October 1991 (Figure 2.1-2);
thus, entrainment samples were not col-
lected. The seven months sampled in
1990 (June-December) did not include the
Tate-winter peak in larvae abundance and
the spring peak in egg abundance that
were sampled in 1991. However, entrain-
ment loss estimates in 1991 were of the
same order of magnitude as 1990 even
though nine months were sampled in 1991
and only seven months were sampled in
1990.

In 1981, Atlantic mackerel eggs (673.1
million) were the predominant eggs en-
trained, followed by cunner/yellowtail
flounder (664.1 million) and Atlantic
cod/witch flounder (69.4 million).

-4

Entrainment of each of these groups and
entrainment of all species was greatest
in June, consistent with offshore trends
in abundance. The species composition
of the entrainment community and the
seasonal pattern of entrainment was
similar in 1990 when Atlantic mackerel
were most common (499.1 million) fol-
lowed by cunner/yellowtail flounder
(380.4 million and rockling/hake (B6.1
million). Total entrainment in 1990 was
also highest in June, among the months
sampled, as was true in offshore collec-
tions.

In 1991, rock gunnel larvae were the
predominant larvae entrained (51.1 mil-
lion), followed by American sand lance
(37.3 millicn) and grubby (22.4 mil-
lion). Entrainment of rock gunnel and
American sand lance larvae was greatest
in February, while grubby 1larvae
entrainment was greatest in April, par-
3ileling peak offshore abundances.
Total entrainment peaked in February.
Species composition in 1990 was differ-
ent from 1991, primarily due to the
different months sampled. In 1990,
cunner was the dominant fish larva en-
trained (42.7 million) followed by four-
beard rockling (37.9 million) and Atlan-
tic seasnail (11.6 million). Peak
entrainment of cunner and fourbeard
rockling was in August and peak entrain-
ment of Atlantic seasnail was in June,
consistent with offshore trends. Among
the months sampled, entrainment of all
species was greatest in August.

Estimates of ichthyoplankton entrain-
ment have little meaning by themselves.
The potential effects of ichthyoplankton
entrainment can only be determined by
examining changes in ichthyeplankton and
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adult fish abundances in the study area.
Potential changes in adult fish abun-
dances due to ichthyoplankton entrain-
ment would be demonstrable when the
larval fish metamorphosed to juveniles
and the juveniles are fully recruited to
the population sampled by the gear uti-
lized. The question of whether entrain-
ment of ichthyoplankton and other plank-
tonic organisms has affected the bal-
anced indigenous population to date is
addressed in the following sections on
community structure and selected spe-
cies,

Indigenous Plankton Communities

Background. The purpose of examining
the community structure of entrainable
plankton is to determine whether opera-
tion of Seabrock Station has had an ef-
fect on the balanced indigenous popula-
tion of planktonic organisms inhabiting
the waters in the vicinity of the in-
takes. Using the conservative assump-
tion, it is assumed that all organisms
entrained at Seabrook Station were lost
to the study area, except as detritus.
Changes in either the species composi-
tion or abundance of the natural popula-
tion were examined for any potential ef-
fects resulting from entrainment. The
community composition was considered un-
changed if collections at the nearfield
station in the operational period in a
particular season were similar to the
majority of samples from the same season
from the preoperational years, causing
the similarity analysis (numerical clas-
sification) to group them together. Po-
tential operational effects were also
ruled out statistically if community
abundances in the August 1990 - December
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199] period were similar at the near-
field compared to previous years, or if
differences in this period were consis-
tent throughout the area, based on mul-
tivariate analysis of variance of the
dominant taxa.

A1l of the planktonic communities
discussed in this section had species
assemblages that changed with season
during the baseline period (NAI 1991b).
These groups were differentiated primar-
ily on the distribution and abundance of
dominant species; however, the relative
abundance or even absence of other spe-
cies was also a factor. The species
entrained depend on the seasonal assem-
blage present at the time.

Microzooplankton. Seasonal patterns
of the natural assemblage of microzoo-

plankton have historically been dominat-
ed by the population dynamics of the
copepods QOithona sp. and Pseudoralanus
sp. and the production of early life-
stages (nauplius larvae) of other cope-
pods that have been present year-round.
Seasonally, other taxa such as
polychaete larvae, bivalve larvae and
tintinnids influenced community struc-
ture. Since Seabrook Station began
commercial operation, species composi-
tion continued to resemble the histori-
cal patterns (Table 2.1-1). Similarity
ana3lysis of all microzooplankton collec-
tions indicated that 90% of the opera-
tional period collections were similar
tc preoperational collections. Late
summer-early fall 1990 was unusual in
having lower abundances of Oithona sp.
and other dominant taxa than has been
typically observed. However, no sta-
tistical differences in community struc-
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ture were detected among stations in
1991. Therefore, entrainment by Sea-
brook Station has had no discernible
impact on the balanced, indigenous
microzooplankton population occurring
within the nearfield study area through
the 1950-1991 operational period.

ivaly rv Varying abundances of
Hiatella sp., Mytilus edulis and Hetera-
nomia sqQuamula defined most seasonal
groups identified by the similarity
analysis. Community structure in 1991
differed significantly from recent pre-
operational years (1988 and 1989; Table
2.1-1) because high abundances of Hia-
tella sp. occurred earlier than usual
and @ number of summer collections con-
tained relatively low abundances. How-
ever, the bivaive larvae community
structure was statistically similar at
nearfield and farfield stations both
preoperationally and during the opera-
tional period. Entrainment of bivalve
larvae in the circulating water system
of Seabrook Station, therefore, has had
no discernible effect to date on the bi-
valve larvae populations occurring with-
in the nearfield study area.

Macrozooplankton. Species comprising
the macrozooplankton community exhibit

three basic 1ife history patterns:
holoplanktonic species remain planktonic
throughout their 1ife cycle; meroplank-
tonic species are planktonic during a
specific lifestage; tychoplanktonic
species are generally associated with
the substrate but make regular excur-
sions into the water column. Because
the circulating water system could im-
pact these organisms differentially, the
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tychoplankton assemblage was examined
separately from the holo- and meroplank-
ton assemblage.

Seasonal patterns in the holo- and
meroplankton assemblage have been dis-
tinct and consistent, showing high pre-
dictability from year to year. Popula-
tion dynamics of the dominant copepods

(Calanus finmarchicus, Temora Jlongi-
cornis and Centropages typicus) have
definad much of the annual cycle. Lar-

vae of benthic species such as barnacles
(Cirripedia) and crabs (Cancer sp.) have
occurred in predictable patterns. This
continued to be the case during the
operational period; however, abundances
in 1991 tended to be higher than in
recent (19BB-1989) preoperational years
(Table 2.1-1). Therefore, this is at-
tributable to broadscale events rather
than the operation of Seabrook Station.

The annual cycle of the tychoplankton
assemblage has been characterized by
changes in relative abundances of four
omnipresent (Neomysis americana, Ponto-
geneia inermic_ Nisetyljs sp., and
Oedicerotidae) and two intermittent
(Harpacticoida and Mysis mixta) domi-
nants. Seasonal groupings of the tycho-
plankters are less distinct and more
variable than for the holo-/meroplankton
assemblage for several reasons. Most
taxa occur throughout the year and ap-
pear to fluctuate only moderately in
abundance. In addition, the affinity of
these taxa for the substrate may result
in a sampling bias since abundances are
estimated from oblique tows.

The tychoplankton assemblage varied
significantly between 1991 and recent
preoperational years (Table 2.1-1), with
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some species occurring in higher abun-
dances and others in lower abundances in
1891. Differences among stations, how-
ever, have been well-documented for the
tychoplankton assemblage (NAl 1991b) and
are attributable to differences in sub-
strate type and complexity as well as
proximity to Hampton-Seabrook estuary.
These station differences were consis-
tent between preoperational and opera-
tional periods (Table 2.1-1), indicating
that Seabrook Station has had no immedi-
ate effect on dynamics of this assem-
blage.

Ichthyoplankton. Changes in either

the species assemblages or abundance of
the nearfield station were examined for
any potential effect on the ichthyo-
plankton community in the study ares
(Table 2.1-1). Similarity analysis
(numerical classification) based on the
abundance of 11 dominant taxa of fish
eggs indicated that the time of year was
the only factor related to the changes
in fish egg species assemblages.
Cunner/yellowtail flounder were the most
abundant fish eggs found in the study
area and they were predominant in the
mid-spring through early summer .
Hake/fourbeard rockling were the second
mest abundant fish eggs and they were
dominant in late spring through early
fall. The pattern of succession of the
eight seasonal fish eggs groups was
consistent between the preoperational
and operational periods. There was also
a8 high degree of similarity of the fish
egg assemblages between the nearfield
and farfield stations.

identified
groups within the fish

Similarity analysis also
eight seasonal
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larvae community: there was no tendency
for samples to group selectively accord-
ing to plant operational status, year or
station. Time of year was the primary
factor in determining sample groups.
American sand lance were the most abun-
dant fish larvae followed by cunner and
mackerel. American sand lance were most
common in the winter through early
spring while cunner and mackerel were
most common in early summer.

Seasonal patterns of the ichthyo-
plankton assemblages were very consis-

tent between the preoperational and
operational periods (Table 2.1-1).
Differences in the abundances of ich-

thyoplankton occurred between the pre-
operational and operational periods:
however, these changes were consistent
between the nearfield and farfield sta-
tions (Table 2.1-1). Changes occurring
at both the nearfield and farfield sta-
tions do not appear to be attributable
to the operation of Seabrook Station and
are probably due to factors that operat-
ed on a larger geographic scale than the
Study area. Such factors may be broad
scale environmental influences on the
plankton or changes in the numbers or
fecundity of spawning adults, both with-
in and outside the study area.

1 i f

ndigenous Pliankto
Zooplankton. Ten indigenous zoop)lank-
ton taxa and their major planktonic

lifestages were monitored to evaluate
effects of entrainment at Seabrook Sta-
tion. Most lifestages of the selected
taxa attained similar abundances in 1991
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to those occurring in recent precpera-
tional years (Table 2.1-2). Distribu-
tion of all taxa among the stations was
hemogeneous. Thus, no effects of the
operation of Seabrook Station on these
taxa were apparent in the nearfield
study area.

Lifestages of several taxa (Eurytemora
sp. cope odites, Pseudocalanus/Calanus
nauplii, and Neomysis americana) ocC-
curred in greater abundance preopera-
tionally than during 1991. Preopera-
tional abundances of lifestages of three
taxa (Oithona sp., Mytilus edulis larvae
and Cancer sp. larvae) were lower than
in 1991 (Table 2.1-2). In each case,
changes in abundance were consistent at
all stations, as they were in 1990.
Thus, there is no evidence that the
first 17 months of operation of Seabrook
Station has significantly impacted popu-
lations of the zooplankton in the study
area.

Ichthyoplankton. Nine species of fish
were selected for detailed analyses of

Tarval abundance patterns between the
precperational and operational periods
and among stations (Table 2.1-2). Ffor
three of these species, American sand
lance, cunner, and hake sp., there were
no significant differences in the larval
densities between the precperational and
operational periods or among stations.
This indicates that the entrainment
losses from Seabrook Station had no
immediate impact on the level of larval
densities of these species within the
nearfield area.
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Larval densities of two species, At-
lantic cod and Atlantic mackerel, were
greater during the operational period
than the preoperational period and this
increase was observed at all stations.
The spawning stock biomass of Atlantic
cod and the age 1 stock biomass of At-
lantic mackerel have both increased
since 1986 (NOAA 1991b). The increase
in larval densities of these species in
the study area may be due to an increase
in the biomass of potential spawning
adults.

The larval densities of three species,
yellowtail flounder, Atlantic herring,
and pollock were significantly Jlower
during the operational period than the
preoperational period. The decrease in
larval densities 1in the operational
period was observed at all stations
indicating the cause of the decrease in
density was not due to the gperation of
Seabrook Station. The National Marine
Fisheries Service biomass indices for
yellowtail flounder and pollock have
decreased since the early 1980s. Thus,
the decrease in larval densities in
recent years may be a result of decreas-
es in the abundance of spawning adults
in the region.

Larval densities of winter flounder
were also Tower in the operational peri-
od. During both the operational and
preoperational periods, the density of
winter flounder larvae was lower at the
farfield area than the nearfield area.
The Preop-Op X Station interaction term
for winter flounder larvae was not sig-
nificant indicating that the decline in
abundance between the operational and
preoperational periods was proportional
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TABLE 2.1-2. SUMMARY OF POTENTIAL EFFECTS (BASED ON ANOVA RESULTS) OF OPERATION OF
SEABROOK STATION INTAKE ON ABUNDANCES OF SELECTED INDIGENOUS SPECIES.
SEABROOK OPERATIONAL REPORT, 1991.

PLANKTON
SELECTED SPECIES
AND LIFESTAGES

OPERATIONAL PERIOD
SIMILAR TO
PREOPERATIONAL PERIOD?

DIFFERENCES BETWEEN OPERATIONAL
AND PREOPERATIONAL PERIODS
CONSISTENT AMONG STATIONS?

Eurytemora sp. copepodites

E. herdmani adults

Pseudocalanus/Calanus nauplii

Pseudocalanus sp. copepodites

adults

Qithona sp. nauplii
copepodites
aduits

Calanus finmarchicus
copepodites
adults

Mya arenaria larvae

Mytilus edulis Tarvae

rangon temspin larvae
Cancer crab larvae

Carcinus maenas larvae

Neomysis american
American sand lance larvae

Winter flounder larvae
Atlantic cod larvae
Yellowtail flounder larvae
Atlantic mackerel larvae
Cunner larvae

Hake larvae

Atlantic herring larvae
Pollock larvae

Op<Preop
yes
Op<Preop
yes
yes
Op>Preop
Op>Preop
Op>Preop

yes
yes
yes
Op>Preop
yes
Op>Preop
yes
Op<Preop
yes
Op<Preop
Op>Preop
Op<Preop
Op>Preop
yes
yes
Op<Preop
Op<Preop

yes
yes
yes
yes
yes
yes
yes
yes

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
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between the nearfield and farfield
areas. The National Marine Fisheries
Service biomass index for winter floun-
dger has peen declining since its peak in
1983, suggesting a regional decline in
spawning stock. Thus, there was no
direct effect due to entrainment losses
resulting from the operation of Seabrook

Station.

212 Impingement

Background

Finfish have been monitored in the
vicinity of Seabrook Station to assess
the effects of impingement, as well as
any other plant-related effects, on the
balanced, indigenous population within

The number of fish impinged, rate of
fish impingement, and species composi-
tion of the impingement community at
Seabrook Station differed between 1990
and 1991 (Figure 2.1-3). Impingement
increased from 499 fish in 1990 to 1,019
fish in 1991 (Table 2.1-3). Impingement
rate also increased from 2.5 fish/10
gallons in 1990 to 5.5 fish/10° gallons
in 1991. The increase in impingement
and impingement rates between 1990 and
1991 is most Tikely due to a strong
northeastern storm in October. This
storm may have increased the vulnerabil-
ity of some species, especially winter
flounder, to impingement. Despite the
increase in impingement in 1991, fewer
fish were impinged in 1991 compared to a
test period from June through December
1986, when 1,212 fish were impinged.

the coastal waters of New Hampshire.

Because of the mid-water location of the
intake structure, it was assumed that
pelagic species would be most likely to

be impinged.

The composition of the impingement
community differed between 1990 and 1991
(Figure 2.1-3). Windowpane flounder,
pollock and winter flounder were most

TABLE 2.1-3. COMPARISON OF IMPINGEMENT AT NEW ENGLAND POWER PLANTS WITH

MARINE INTAKES,

SEABROOK OPERATIONAL REPORT 1991.

STATION PERIOD NUMBER OF FISH IMPINGED ANNUALLY
Pilgrim Station® 1973-1990 1,143-B7,752 mean = 17,043
Salem Harbor Electgic 1989 3.472°¢
Generating Station 1974 39,578
Millstone Station® 1976-1988 16.266-511,.387 mean = 101,953
Seabrook Station 19580 4599 mean = 759

1991 1,019

¢ Boston Edison (19%1)

Robert DeHart pers. comm., Massachusetts Division of Marine Fisheries (197%)
€ 1989 is most recent data available.

9 NUSCo (1987)
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Figure 2.1-3. Volume of cooling water pumped and finfish impinged at Seabrook Station
during 1990 and 1991. S:abrook Operational Report, 1991.
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frequently impinged in 1991 compared to
Tumpfish, pollock and longhorn sculpin

in 1990. As in previous years, few
pelagic species were impinged in 1991.
The species composition of fish impinged
in 1990 and 1991 more closely resembled
the species composition of the demersal
fish community than the community de-
scribed by mid-water gill net caiches.
The low abundance of pelagic species in
impingement collections suggests that
the intake caps are performing as de-
signed to minimize entrapment. The
increase in winter flounder impingement
in 1991 was partially due to a storm
event in late October that apparently
increased the vulnerability of winter
flounder to impingement. Storm events
have resulted in increased impingement
of winter flounder at other power plants
{NUSCo 1987).

The number of fish impinged at
Sesbrook Station is smaller than the
number impinged at other electrical
generating stations in New England iden-
tified by the Utility Water Act Group
(Tetra Tech 1978) as having marine in-
takes (Tadble 2.1-3). Moreover, the
largest yearly number of fish impinged
at Seabrook Station to date is less than
the smallest yearly number of fish im-
pinged at any other station.

To put impingement losses in perspec-
tive, the number of fish impinged at
Seabrook Station was compared to the
recreational catch of fish in the marine
waters of New Hampshire. The National
Marine Fisheries Service estimates that
1,584,000 marine fish were captured by
recreational anglers in the marine wa-
ters of New Hampshire during 1889, the
most recent year for which statistics
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are available (NDAA 1991a3).
fish, approximately 27% were released
alive, resulting in @& harvest of
1,156,000 fish. Assuming that the rec-
reational harvest of marine fishes was
of the same order of magnitude in 1991
as 1989, fish losses due to impingement
at Seabrook Station in 1991 were negli-
gible when compared to the losses due to
recreational harvest of marine fishes in
New Hampshire.

0f these

Effects on Pelagic Fish Population
in th dy Ares

It was expected that any potential
effects due to operation of Seabrook
Station would be detectable in the pe-
lagic fish community. The intake struc-
ture withdrew water from the water col-
umn, which is the habitat of pelagic
fish. However, the species composition
of fish impinged at Seabrook Station was
more similar to the demersal fish commu-
nity than the pelagic fish community.
Plant operations have not resulted in
the impingement of large numbers of
pelagic fish. The effects of plant
operation on the demersal fish community
are discussed in Section 2.2.2.

Atlantic herring, Atlantic mackere)
and pollock are the primary constituents
of the pelagic fish community in the
study area as identified through gill
net collections (Figure 2.1-4). Trends
in catch per unit effort in the study
area (Table 2.1-4) and long term popula-
tion trends as cobserved by the NMFS in
the Gulf of Maine and Georges Bank do
not agree closely. The disagreements
may be due to differences in sampling
gear. The NMFS survey uses a high-rise



TABLE 2.1-4. SUMMARY OF POTENTIAL EFFECTS OF OPERATION OF SEABROOK STATION
INTAKE ON ABUNDANCES OF PELAGIC FINFISH. SEABROOK OPERATIONAL

REFORT, 1991.

DIFFERENCES BETWEEN
OPERATIONAL PERIOD OPERATIONAL AND
PARAMETER SIMILAR TO s PREOPERATIONAL PERIODS
PREOPERATIONAL PERIOD? CONSISTENT

AMONG STATIONS? *
Community Op<Precy yes
Atlantic herring Op<Preop yes
Atlantic mackerel yes yes
Pollock yes yes
Spiny dogfish Op >Precp yes

*pbased on ANOVA results, except

spiny dogfish
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Figure 2.1-4. Pelagic finfish sampling stations. Seabrook Operational Report, 1991.
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otter trawl to monitor pelagic fish
abundance, while the monitoring in the
study area is conducted with gill nets.

The NMFS Atlantic herring index of Age
2+ biomass, and the Atlantic mackerel
index of Age 1+ biomass for the Gulf of
Maine have increased dramatically since
1983. However, these dramatic increases
have not been observed in the study
area. CPUE of Atlantic herring in the
study area has decreased steadily since
1980 (Table 2.1-4). CPUE of Atlantic
mackerel has increased slightly in re-
cent years with the 1990 CPUE being the
greatest observed. CPUE of pollock has
been relatively stable in the study area
while the NMFS Dbiomass index has
decreased steadily since 1986.

The major change in the pelagic fish
community in the study area has been an
increase in the abundance of spiny dog-
fish (Table 2.1-4). Until the early
1980s, spiny dogfish CPUE in the gill
nets was negligible. Since the early
1980s, spiny dogfish CPUE has increased
so that it is generally one of the five
most abundant fish each year. The NMFS
biomass estimate for spiny dogfish in
the Gulf of Maine-middle Atlantic region
increased steadily since 1985 and was at
a8 record level in 1990 (NOAA 1831b).
Spiny dogfish comprised 41% of the spe-
cies composition on Georges Bank in 1986
285 opposed to 2% in 1963 (NOAA 1881b).
This dramatic increase in spiny dogfish
abundance in the study area cannot be
attributed to the operation of Seabrook
Station because it also occurred over a
wide geographic arez that extended
throughout the Gulf of Maine, Georges
Bank and middle Atlantic areas.
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2.2 ISCHARGE AREA STUDIES

2.2.1 Pl ntrainmen

Because the discharge plume's largest
exposure will be to surface &nd near-
surface waters, the primary focus in
this section will be on parameters or
organisms in this part of the water
column, namely nearfield water quality
parameters, phytoplankton and lobster
larvae (Figure 2.2-1). Other organisms,
such as zooplankton, pelagic fish and
ichthyoplankton will, of course, have
some exposure to the discharge plume,
but it is assumed that entrainment and/
or impingement are the more important
issues for these organisms.

r 1it

The first question to be answered is
whether there have been changes in the
physical/chemical characteristics of the
water column in the study area which
could have @ bearing on the biotic com-
munities. Further, if there have been
changes do they appear to be plant-in-
duced? In general, surface nutrient
values were the same in 1990 and 1991 as
in the preoperational period.while sa-
Tinity. dissolved oxygen and water tem-
peratures at the surface and bottom have
shown differences between the preopera-
tional and operational periods (Table
2.2-1). These differences are the focus
of the following summary.

Temperature. Characteristics of the
thermal olume resulting from cooling
water discharge have been estimated from
hydrothermal modeling studies (Teys-

sgndier et a1. 1974),
recent field studies (Padmanabhan and
Heckler 1991). The extent and tempera-
ture rise associated with the therma)
plume will vary depending on ambient
hydrographic conditions. Results from
field studies generally confirmed ini-
tia] model results, indicating that the
discharge plume ares was relatively
small under the conditions tested. A
surface temperature increase of 1.7°C
(3°F) extended over an area less than 32
acres around the discharge area.

and confirmed in

ntinuous Temperature D Differ-
ences were noted in the monthly means of
the continuously monitored temperature
data supplied by YAEC for the period of
plent operation. The gqifference in
monthly mean temperature between the
discharge station (DS, Figure 2.2-2) and
farfield Station 17 gives an indication
of the temperature increase from Sea-
brook Station. This difference varied
seasonally; the greatest differences
(1.0-1.8°C) occurred in the late fall
and winter months (December 1990 - March
1891, November December 1991; Figure
2.2-2). During summer months (July and
August 1990 and 1991), mean surface
water temperature at the discharge was
actually cooler than at 77 (At = -0.1 to
-0.4°). The well-developed thermocline
in these mon*.s caused entrainment of
cooler near-bottom water by the intakes
and discharge diffusers. The differenc-
es in mean temperature during September
and October in 1981 were smaller than
those that occurred in 1990; due to the
scheduled outage, heated water was not
discharged. At Station 1D, midway be-
tween DS ard T7, mezn monthly tempera-
tures were always within 0.22°C of those



TABLE 2.2-1. SUMMARY OF POTENTIAL EFFECTS OF OPERATION OF SEABROOK STATION
ON WATER QUALITY PARAMETERS. SEABROOK OPERATIONAL REPORT, 1991.

DIFFERENCES BETWEEN |
OPERATIONAL PERICD OPERATICNAL AND
PARAMETER SIMILAR TO » PREOPERATIONAL PERIODS
PRECPERATIONAL FERIOD? CONSISTENT b
AMONG STATIONS?
| Temperature -
{ Surface >Preop Yes
| Bottom gwrow Yes
| Salinity -
| Surface Op <Preocp Yes
Bottom Op<Preocp Yes
| Dissolved Oxygen -
| Surface Op<Preocp Yes
| Bottom Op<Preocp Yes
| Orthophosphate -
Su:‘mp o Yes Yes
Total phosphorus -
Surface Yes Yes
| Nitrite -
Surface Yes Yes
Nitrate -
Surface Yes Yes
Ammonia -
Surface Yes® Yes

®analytical methods for ammonia changed in hml 1988; preoperational
data for ammonia therefore includes April 1 through December 1989

sed on ANOVA results.

LEGEND

@ = continuous lemperature
stations

Figure 2.2-1. Water quality and continuous temperature monitoring sampling statons.
Seabrook Operational Report, 1991.
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Figure 2.2-2. Comparison of monthly mean temperature (°C) between discharge Station DS
and farfield Station T7 and among intake Station P2, discharge Staton PS and
farfield Station P7. Seabrook Operational Report, 1991.
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at T7, indicating that dissipation of
the therma] plume was virtually compiete
when it reached 1D, 900 meters from the
discharge. Monthly mean mid-depth and
bottom temperatures at Station ID were
usually cooler than at farfield Station
T7. No distinct seasonal pattern was
apparent for mid-depth, possibly because
of varying thermociine depths between
1990 and 1991. Differences in mean
bottom temperature appeared to follow 2
strong seasonal pattern with temperature
most similar at ID and T7 in August
through October and most different in
late fall through winter months,

iscrete Temper r ta. Water
temperature wac menitored over 21 sam-
pling periods annually in the nearfield
at Stations P2 (between T7 and the plant
intake structure; Figure 2.2-1), PS
(south of DS) and at farfield station P7
(near Rye Ledge) over the preoperational
and operational periods in conjunction
with plankton sampling. The annual mean
surface temperature at Station P2 was
the highest observed during fourteen
years of monitoring and statistically
higher than the preoperational mean
value. However, since continuous tem-
perature data indicate that the thermal
plume had dissipated before reaching
Station 1D, temperature increases relat-
ed to plant operation would not be ex-
pected at stations farther away. such as
Stations P2 or P5 (Figure 2.2-2). Al-
though surface and bottom temperatures
have varied significantly among stations
(PS5>P2>P7), these differences have been
consistent regardliess of the ope-ational
status of Seabrook Station. It is like-
iy that temperatures at Stations P2 and
P5 are influenced by the Hampton-Sea-

brook estuary, whose ebb tide plume
extends to the intake and discharge
areas. Therefore, it is unlikely that
the higher surface temperature in 1991
can be related to operation of Seabrook
Station. It appears that water tempera-
ture increases are most likely due to
recent climatological changes which have
increased local temperatures (Boston
Globe 1992). Because of the higher air
temperatures on & regional basis, and
because the thermal plume is buoyant, it
is unlikely that operation of Seabrook
Station has influenced bottom tempera-
tures a. Stations P2, PS5 or P7, even
though they were significantly higher in
1991.

issol X n_an linity. Re-
duced levels of dissolved oxygen in 1991
compared to 1987-1989 (Table 2.2-1) may
be related to increased temperatures in
both surface and bottom waters. Dis-
solved oxygen has shown a generally
inverse relationship to temperatuce
within each depth zone. In 1991, mean
values in surface and bottom waters were
about the same levels that occurred in
1982, coincident with the third highest
annual surface temperatures (NAI 1991b).
The trend tewards reduced values was
apparent beginning in April 1990, prior
to power generation at Seabrook Station.
This, coupled with the fact that dis-
solved oxygen concentrations exhibited
similar patterns at Stations P2, P5 and
P7. over the same time period indicates
that operation of the plart was not 2
factor in reducing dissolved oxygen
levels but that they were part of area-
wide changes in 1991.
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Both surface and bottom salinity were
lower, on average, in 1991 than in 1987-
1989 (Table 2.2-1), although the season-
81 trends differed with depth. Surface
salinities were depressed in May and
September through December 1991, whereas
bottom salinities, normally less vari-
able, were depressed during the entire
year. Both conditions were consistent
at nearfield (P2 and P5) and farfield
(P7) stations reflecting unusually high
precipitation in May and in the fall of
1991 (Section 3.3.1). As no freshwater
is discharged through the cooling water
system at Seabrook Station, there is no
implication of plant impacts on
salinity.

Phytoplankton

Following &n approved recuced program
effort, monitoring of the phytoplankton
community was resumed in 1990, prior to
the commercial operation of Seabrook
Station (Figure 2.2-3). Annually and
seasonally, there has been high vari-
ability in phytoplankton species compo-
sition and abundance. However, the
dominant taxa were usually diatoms, with
seasonal contributions by yellow-green
algae (some years) and dinoflagellates.
Total abundances were similar in 1991 to
preoperational years (Table 2.2-2): al-
though species composition varied from
earlier years. Diatoms continued to
dominate the phytoplankton in 1981, with
the dominant diatom, Skeletonema costa-
tum, reaching higher abundances in 199]
than in previous years. However, 3s was
also found for total phytoplankton, pat-
terns were similar at nearfield and
farfield stations in 1991. Therefore
differences in species abundance and

composition represented natural, not
plant-induced, variability. Quring both
operational years, abundances of ultra-
plankton (<10 um in length) were similar
in farfield and nearfield areas, and
other Gulf of Maine researchers have
observed wultraplankton abundances at
levels similar to those in the Seabrook
study area. There is substantial indi-
cation that improved microscopy. in
fact, has allowed closer attention to
and hence better quantification of
ultraplankton in recent years {(Hall and
Vincent 1990, Stockner 15B88B). it 1%
unlikely, then, that the apparent in-
crease in ultrapliankton reported in 1990
was induced by operation of Seabrook
Station,

Chiorophyll & levels provide a measure
of phytoplankton standing crop. tempered
somewhat by varying amounts of pigment
contained in different sizes and species
of phytoplankton. A comparison of chlo-
rophy1l & in 1991 to 1987-1989 indicated
that there were no changes in the near-
field (Table 2.2-2), indicating no plant
effects.

In addition to the above, nuisance
dlgae were monitored by tracking the
occurrence of paralytic shellfish poi-
soning (PSP), caused by blooms of the
dinoflagellate Alexandrium tamarense
(formerly Gonysulax sp.) in the Gulf of

Maine. Although PSP was detected in
1891, it never reached the levels
(80ug/100g mussel tissue) mandating

closure of shellfish beds in New Hamp-
shire waters. Because areas both north
and south of New Hampshire experienced
closures in 1991 due to PSP, New Hamp-
shire shellfish beds were also closed in
1991 as & cautionary measure. Because



TABLE 2.2-2. SUMMARY OF EVALUATION OF DISCHARGE PLUME EFFECTS ON THE
PHYTOPLANKTON AND LOBSTER LARVAE IN THE VICINITY OF SEABROOK
STATION. SEABROOK OPERATIONAL REPORT, 1991.

{
OPERATIONAL NEARFIELD-FARFIELD
COMMUNITY/ PARAMETER @ PERIOD SIMILAR DIFFERENCES
SPECIES AR TO PREVIOUS CONSISTENT WITH
YEARS? PREVIOUS YEARS?
U‘l:ggp h‘nkton Composition Op >Preop yes
»
Phy to: lankton Abundance yes yes
(+10um ) Composition sometines some spatial differences
ebnmhmu yes yes
or oncen on s es
Lout: {nrvgo Abundance Op !:roop ;n

Mommunity evalueted gualitatively, remainder evaluated with ANOVA.

LEGEND

- = phytopiankion siations

//\ = lobster larvae stations

Figure 2.2-3. Phytoplankton and lobster larvae sampling stations. Seabrook Operational
Report, 1991.
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of PSP's historical presence, its con-
current presence in Maine and Massachu-
setts and the fact that the projected
source of blooms is from outside the
study area, it is very unlikely that
episodes of elevated PSP are related to
operation of Seabrook Station.

ter rvae

Lobster larvae have traditionally been
thought of as strictly neustonic, al-
though current research suggests that
they are distributed throughout waters
above the thermocline (Harding et al.
1987, Boudreau 1991). Lobster larvae
were the only shellfish larvae that were
evaluated for discharge plume effects.
The most important effect of the dis-
charge plume entrainment would be in the
survival, molting and succe:sful bottom
settiement of Stage IV lobster. Adult
lobsters in the study area are recruited
from Stage IV larvae (*ne stage prior to
benthic settlement) originating from the
Gulf of Maine and Georges Bank (Harding
et al. 1983). Although the level of
adult recruitment has been correlated
with abundances of larvae (Harding et
3l. 1982, Harding et al. 1983), others
have failed to confirm this relationship
(Fogarty and Idoine 198B6). Recent re-
search indicates that successful benthic
recruitment of larval lobsters is af-
fected more by habitat availability for
the eariy benthic phase than by larval
abundance (Wahle and Steneck 1991).
Lobster larvae have historically been
relatively rare in the study area, aver-
aging less than 1 per 1000 mz. Densi-
ties in 1990 and 1991, particulariy
Stage IV larvae, however, were signifi-
cantly higher than observed historically
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gt all three stations (Table 2.2-2).
Thus they are part of an area-wide in-
crease rather than an effect of plant
operation. Density increases appear to
be unrelated to the increase in the
legal size 1imits because Stage IV lar-
vae, the predominant lifestage, do not
originate in the study ares.

Fouling Community

Subsurface (-3 m) “fouling" panels,
placed in the projected inner (B19) and
outer (B04) discharge plume areas and at
farfield areas (Figure 2.2-4), were
established to help monitor impacts to
the types, timing and abundances of
typically-benthic organisms that can
settle on hard substrate. Short-term
panels, exposed for one month, allow
estimation of recruitment levels while
monthly sequential panels, exposed for
1-12 months, show the development of the
fouling community. Community parameters
(total biomass, abundance of noncolonial
fauna, and richness of faunal taxa)
showed seasonal patterns in 1991 that
were similar to previous years and be-
tween nearfield and farfield areas.
Seasonal changes in the settling commu-
nity composition in 1991 and in the
operational period of 1990 were consis-
tent with those observed historically.
Nearfield-farfieid differences in commu-
nity structure occurred occesionally
during the operational period, but no
more frequently than observed histori-
cally. Other measures of the settling
community structure in 1991 were either
similar to previous years or differed in
1991 at both nearfield and farfield
stations, indicating an area-wide change
that was unrelated to plant operation



TABLE 2.2-3. SUMMARY OF EVALUATION OF DISCHARGE PLUME EFFECTS ON THE
FOULING COMMUNITY IN THE VICINITY OF SEABROOK STATION.
SEABROOK OPERATIONAL REPORT, 1991.

+ DIFFERENCES -
AREADEPTH ' PERIOD SIMILAK
COMMUNITY 20NE PARAMETER 10 PREVIOUS CONSISTENT WITH
YEARS? PREVIOUS YEARS?

Fouling community. Inner plume  Abundance yes yes
Settlement® No. of taxa Op >Preop yes
Biomass yes yes
Duter plume  Abundance Op >Preoy yes
No. of taxa Op >Preop yes
Biomass yes yes
Fouling eo-uguy. Inner plume ::un:mh o'y’o- yes
opment . xa >Preop s

St » Biomass no W-q:'nq’ FF:Op<Preop
Outer plume  Abundance yes yes
No. of taxa yes yes
Biomass yes yes

Fouling community Inner pilume Mytilidae no NF :Op >Precp FF.Opc=Preop
Settlement Outer plume Op >Preop yes
Inner plume Jassa marmorats yes yes
Outer plume yes yes
Inner plume Tubularia sp. Op<Preop yes
Outer plume yes yes

2abundance, no. of taxa, biomass, total density, evaluated using ANOVA; community structure
evaluated using numerical classification

= nearfield

FF = farfield

CSettlement = short term panels) Development = MS panels

LEGEND

O = surtace paneis

Figure 2.2-4. Surface panel sampling stations. Seabrook Operational Report, 1991.
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{Table 2.2-3). Community development
parameters showed no differences that
were restricted to the nearfield sta-
tions,

Seasonal patterns of dominant species
in the settling community in 1991 were
similar to previous years, although some
differences in abundance levels were
noted. Mytilidae spat (mainly juvenile
blue mussels), the dominant settling
organism, showed significantly higher
abundances at the nearfield inner plume
Station B19 and at both nearfield and
farfield Stations B0O4 and B34 (Table
2.2-3). Significantly higher-than-aver-
age abundances aliso occurred prior to
plant start-up 8t both nearfield sta-
tions in 1990 as well as one of the
farfield stations (NAI 1991b). 1990 and
1981 annual abundances of Mytilus edulis
larvee were likewise higher than aver-
age. Increased mytilid abundances that
occurred at the nearfield/farfield sta-
tion pairs in 1991 can be regarded as
unrelated to plant operation. The
trends in mytilid abundances on panels
at the discharge station represent 2
more-complex situation., Elevated densi-
ties that occurred only at the inner
plume nearfield station may be indica-
tive of higher-than-average densities in
the study area. as occurred at the other
stations further offshore. On the other
hand, high densities of mytilids
restricted to the nearfield inner plume
station may be a result of environmental
conditions that could include plant
operation. Although mytilid abundances
were elevated at the nearfield station
in 1991, they are still lower than the
exceptionally-high densities observed in
1990 and thus represent a return to
near-average conditions,
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Intertidal/Shallow Subtida)l Benthic
Lommunity
Background. The Outer Sunk Rocks and

nearby shallow subtidal (4.6 m depth)
areas are monitored to ascertain poten-
tial nearfield effects of the discharge
plume on the nearest land form (Figure
2.2°8). A recent study to validate
model results for the discharge plume
showed no measurable temperature
increase at the Outer Sunk Rocks under
the conditions tested (Padmanabhan and
Hecker 1991). Furthermore, temperature
increases at shallow subtidal depths
(4.6 m in the area of the benthic sta-
tions) were less than 1°C. Thus there
is no indication that the intertidal and
shaliow subtidal benthic communities are
exposed to significant temperature in-
creases resulting from plant operation,
consistent with projections made for
permitting the CWS.

The intertidal and shallow subtidal
horizontal ledge benthic communities are
characterized by a thick cover of red
algae (mainly Chondrus crispus) and
large numbers of juvenile mussels (main-
ly Mytilus edulis, the blue mussel).
These two species provide cover and
habitat for other algae, bivalves and
crustaceans.

ntertidal nthi mmun i Most
measures of community structure in the
intertidal 2zone measured during 1990/
1991 were similar to previous years
(Table 2.2-4). No changes occurred in
macroalgae and macrofauna community
composition in 1990 and 1991, &s indi-
cated by numerical classification. The
numbers of algae and fauna taxa were



TABLE 2.24.

SUMMARY OF EVALUATION OF DISCHARGE PLUME EFFECTS ON THE
BALANCED INDIGINOUS COMMUNITIES IN THE VICINITY OF SEABROOK
STATION. SEABROOK OPERATIONAL REPORT, 1991.

AREADEPTH > SHEAR OFPERENCES
0 PERIOD
RS-y 20NE PARMETER 70 PREVIOUS CONSISTENT WIT 4
YEARS? PREVIOUS YEARS?
c Intertidal No. of Taxa <Preop s
Neveigns Total biomass v no '-Or(ruop" FF . .Op=Preop
Community structure yes yes
Shallow No. of taxs yes yes
subtidal Total biomass yes yes
Community structure yes yes
= Intertidal No. of Taxa <Preop es
R Total abundance o no '-wd’uopy FF.0p=Preop
cu-mmity .tmtun yes yes
Shallow of yes yes
subtidal Youl lhn‘uco yes yes
Community structure yes yes

®pbundance, no.

of taxa, biomass, total density, evaluated using ANOVA; community

structure evaluated using numerical classification

= nearfield
€1990 included

FF = farfield
in operational period

LEGEND

[ = benthic samples

SALISAURY BEACH /

Figure 2.2-5. Intertidal and shallow subtidal benthic sampling stations. Seabrook

Report, 1991.
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reduced during the operational period:
however, as reductions occurred in both
nearfield and farfield areas, they ap-
pear to be part of an area-wide trend.

Two community measures showed changes
during the operational period at the
nearfield intertidal station., Annual
total algae biomass was significantly
Tower during the operational period at
BIMLW (Table 2.2-4), mainly due to re-
duced levels of dominant Chondrus
crispus in 1990. However, when tri-
annual samples were considered, the
reduced biomass of (., crispus was evi-
gent at both stations prior to plant
operation, and continued through 1990.
In 1991, C. crispus biomass levels re-
covered and showed no significant dif-
ference from historical levels (Table

2.2-5). Thus the reduced biomass ap-
pears to reflect natural year-to-year
variability rather than plant operation.

Annual total macrofauna densities also
showed changes during the operational
period. Densities resached near-record
levels in 1990 at both intertidal sta-
tions, then decreased to their lowest
point in 1981, The trends were similar
at both stations, although more pro-
nounced at the nearfield station (Table
2.2-4). Increased densities were due
mainly to fluctuations in Mytilidae.
When triannual collections were consid-
ered, trends were more consistent be-
tween nearfield and farfield stations,
resulting in no significant difference
in Mytilidae density between stations
during the operational period (Table
.2°9).

TABLE 2.2-5. SUMMARY OF EVALUATION OF DISCHARGE PLUME EFFECTS ON REPRESENTATIVE
IMPORTANT SPECIES IN VICINITY OF SEABROOK STATION.

OPERATIORAL NEARFIELD-FARFIELD
PERIOD SIMILAR DIFFERENCES
AREA/DEPTH TO PREVIOUS CONSISTENT WITH
COMMUNITY ZONE SELECTED SPECIES YEARS?® PREVIOUS YEARS?P
Macroalgae Intertida) Chondrus crispus yes yes
Subtidal Op<Precp yes
Subtida) Leminsrie digitata no NF:0p<Preop FF:0p=Preop
Subtida) Enminario socrhgrina no KF:0p<Preop FF:0p=Precp
Macrofauna Intertidal Ampithoe rubricata Op<Preop no
Intertida) Nucells Japillus Op<Preop yes
Intertidal Mytilidae Op<Preop yes
Subtidal Jassa marmorata yes yes
Subtidal hsteriidae 0r" T eop yes
Subtidal Mytilidee Ip<Preovp yes

Results of analysis of variance.
Uperational peripd = 199].
byf - nearfield FF = farfield
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TABLE 2.2-6. SUMMARY OF EVALUATION OF DETRITAL RAIN EFFECTS ON THE
BALANCED INDIGINOUS COMMUNITIES IN THE VICINITY OF SEABROOK
STATION. SEABROOK OPERATIONAL REPORT, 1991.

OPEDIDATS?.NMI NEARFIELD-FARFIELD
AREADEPTH . PER LA DIFFERENCES
O— 20ME PARNISIR TO PREVIOUS CONSISTENT WITH
YEARS? P PREYIOUS YEARS?®
Macroalgase Mid-~depth No. of taxa no ahko. FF. m
Total biomass no dtmro'..'"g‘-
"
Community structure no discha %
intake: ’l.‘ iht
Deep No. of taxa yes
Biomass no hhko%
dlm’n!‘% l.r-
_Community structure Yes
Mid- th . of ta
ersfeme  Middw® 'Sl ok .....‘.'ﬁ
discharge =Preop
Community Structure
Deep < taxs wﬁ‘-.q
ota nsity yes
uni ttructnro yes intake sinm hr to recent
years

Sabundance, no. of taxs, biomass, total density, evaluated using
evaluated using numerical classification

erational period = August 1990, 199}
ONF = nearfield FF = farfield

ANOVA; community structure

LEGEND

[ = benthic sampies

Figure 2.2-6. Mid-depth and deep benthic sampling stations. Seabrook Operational

Report, 1991.
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locally-increased food supply., and/or
(3) impact on organisms sensitive to the
increased detritus resulting from the
decay of entrained organisms.

The benthic community was character-
ized by an overstory of kelps (mainly
Agarum cribrosum and Laminaria digitata)
and macroalgae (Phyllophora spp. and
Ptilota serrata) along with bivalves
(Mytilidae, Hiatella sp.. Anomia sp.)
and a variety of peracarid crustaceans.
Community composition was relatively
stable from year-to-year. Although
abundance or biomass of individual spe-
cies occasionally showed significant
year-to-year changes, these differences
were consistent between nearfield and
farfield stations.

Mid-Depth Benthos. Macroalgae commu-

nity composition at the discharge (B19)
and farfield (B31) stations in 1990 and
1991, as revealed by numerical ciassifi-
cation, numbers of taxa, and total bio-
mass, was similar in most cases to pre-
vious years (Table 2.2-6). The number
of taxa at the discharge site was re-
duced by 1-2 taxa (approximately 10% of
the total) during the operational peri-
od; no change was noted at the farfield
site. As this difference is small, it
is likely due to natural wvariability.
Additional years of sampling will allow
verification of this conclusion.

Algae community composition at the
intake site (B16) is generally unigue,
but in 1991 was different from most
previous years (Table 2.2-6). 1In 1991,
as in 1984, community composition at the
intake was similar to that 2t the mid-
depth discharge station, a result of

reduced biomass of Chondrus crispus and
Ceramium rubrum. The change at this
station is also reflected in decreased
total algal biomass, but not in numbers
of taxa. Since similar results occurred
in 1984, it does not appear to be relat-
ed to plant operation,

The faunal community in the mid-depth
zone during the operational period was
generally similar to previous years.
There was no change in community struc-
ture as shown by numerical classifica-
tion (Table 2.2-6). Numbers of taxa in
199071991 were elevated compared to
previous years at all three stations,
suggesting an area-wide trend. Total
macrofaunal density remained unchanged
at the discharge and farfield stations.
However, total macrofaunal densitv was
reduced at the intake station in compar-
isen to previous years. Reduced densi-
ties of the dominant bivalve Mytilidae
in August led to the decrease in total
abundance, paralleling the lower biomass
of macroalgae.

Although benthic community composition
in the mid-depth zone has been stable
from year-to-year, annual variations in
abundance or biomass of representative
important species have typically oc-
curred. Annual fluctuations again oc-
curred in 1981 during plant operation,
but spatial differences remained un-
changed during the operational period,
indicating the changes were part of an
area-wide trend and unrelated to plant
operation (Table 2.2-7). The green sea
urchin is monitored as 2 Jjuvenile and
adult because of its potential for be-
coming a8 nuisance organism. Population
eruptions have occurred at the nearby
Isle of Shoals, where urchin grazing
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TABLE 2.2-7. SUMMARY OF EVALUATION OF DETRITAL LFFECTS ON REPRESENTATIVE IMPORTANT SPECIES.

OPERATIONAL NEARFIELD-FARFIELD
PERIOD SIMILAR DIFFERENCES
TO PREVIOUS CONSISTENT WITH
COMMUNITY SPECIES YEARS?® PREVIOUS YEARS?®
Macroalgse Leminaria digitats Op<Precp yes
Laminaria saccharina yes yes
Macrofauna Pontogeneia inermis Op<Preop yes
Modiolus modiolus Op<Precp yes
Mytilidae Cp<Precp yes
Strona‘1ocentrotus droebachensis yes yes

8Conclusions derived from analysis of variance or nonparametric analyses.

Operational period = 1981.
UNF = nearfield FF = farfield

denuded the substrate of erect algae
(Witman 1985). Juvenile and adult ses
urchin abundances in 1991 were similar
to previous years, indicating that the
population is stable.

The mid-depth zone has shown some
changes in the algae and fauna restrict-
ed to Statiorn Bl6, near the intakes.
Total algae biomass and macrofauna den-
sity at Bl16 were significantly lower in
1990 and 1951 in comparison to previous
years. No changes occurred at discharge
and farfield areas. Because of the
distance from the discharge area, these
changes are probably not plant-related.
Other community parameters show no rela-
tionship to plant operation (Table 2.2-
6).

e Benthic mmunity. The algae
community in the deep zone (nearfield
stations BD4 3ind B13, farfield station
B34) during the operational period was
similar to previous years in terms of

community structure and numbers of taxa
(Teble 2.2-6). Total biomass was ele-
vated at the deep station B13 (near
intakes), but was similar to previous
years 4t the deep discharge station.

In 1990 and 1991, the fauna)l community
8t the discharge and farfield stations
in the deep zone showed similar communi -
ty composition to a1l previous years.
At the intake station, community struc-
ture and total density showed no differ-
ences from the recent preoperational
period. Numbers of taxs were elevated
areawide in 1930 and 1991 in comparison
to previous years.

Although some changes have occurred in
the deep benthic community in 1990 and
1991, only one parameter, enhanced tota)
algae biomass, was restricted to the
nearfield (near the intakes) zone. WNo
differences occurred at the discharge
station, where impacts would be most
Tikely.
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Demersal Fish

Background. Demersal fish that inhab-
it or feed in the nearshore area are
important not only because of their
predominance in the food chain but also
because of their commercial value. As
would be expected with any bottom-ori-
ented species, the nearshore population
of demersal fish shows spatial differ-
ences associated with substrate and
location relative to Hampton Harbor
(Figure 2.2-7). There were significant
differences in catch among stations for
several demersal species, attributable
to the differences in habitat, and con-
sistent between the preoperational and
operational periods. Impact assessment
has therefore focused on changes in
catches of demersal finfishes between
the preoperational and operational peri-
0ds.

Total Catch. There were significant

differences in total catch per unit
effort (CPUE) between the precperational
and operational periods that generally
agreed with population trends observed
by the National Marine Fisheries Service
(NMFS) in the Gulf of Maine and Georges
Bank (Table 2.2-8). The similarity in
demersal finfish population trends be-
tween the study area and the Gulf of
Maine-Georges Bank area suggests that
mechanisms operating on 3 large geo-
graphic scale, such as overfishing of
commercial fish stocks, had an influence
on the population trends of demersal
finfishes in the study area.

Dominants. The major change in the
species composition of the demersal fish

community in the study area has been an
increase in the abundance of skate sp.
(Table 2.2-8). Skate sp. CPUE began to
increase dramatically in 1981 and by the
end of the preoperational period, skates
ranked among the five most abundant
finfish species, coincident with declin-
ing abundances of most demersal fish,
Skate sp. CPUE appeared to stabilize at
high levels in the study area after
1987. Similar trends in abundance of
skate sp. were observed in the Gulf of
Maine and Georges Bank (NOAA 1891b).
The increase in skate CPUE observed in
the study area is not attributable to
the operation of Seabrook Station be-
cause it took place over a wide geo-
graphic area and began before Seabrook
Station became operational.

Abundance trends of Atlentic cod in
the study area closely paralleled abun-
dance trends in the Gulf of Maine and
the Georges Bank area (Table 2.2-8).
The presence of a strong 1987 year class
of Atlantic cod was apparent in 1987
young-of-the-year CPUE data from the
Study area and from the NMFS index of
spawning stock biomass. CPUE of Atlan-
tic cod in the study area generally
decreased after 1984, although CPUE was
high in 1988 as the strong 19B7 year
class was fully recruited. The index of
spawning stock biomass of Atlantic cod
in the Gulf of Maine was at its highest
recorded levels in 198BS and 1950 as the
strong 1987 year class approached matu-
rity (NOAA 1991b). The recent decrease
in Atlantic cod CPUE in the study area
after 1988, and the increase in the NMFS
spawning stock index after 1988 is prob-
ably due to movement of the maturing
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TABLE 2.2-8. SUMMARY OF PCTENTIAL PLANT EFFECTS ON ABUNDANCE OF DEMERSAL

FINFISHES. SEABROOK OPERATIONAL REPORT, 1991.

f
OPERATIONAL DIFFERENCES BETWEEN
PARAMETER PERIOD SIMILAR PREOPERATIONAL AND LONG TERM
i MEASURED TO OPERATIONAL PERIODS ARUNDANCE N
i PREOPERATIONAL CONSISTENT AMONG GULF OF MAINE &
! PERIOD * STATIONS *
f
’ Atiantic coo Op<Preop Yes !u':;oun'; atm
stoocks still over- ex-
plosted
Hake Op <Preoy Yos h= hake s
Ql“ hake
trend
Rainbow smelt Op <Preoyp Yes No informetion
hna-uu Op <Preoy Yes Decreasing , »
flounder over explolited
Hinter Yes Yes Decressing , stocks
flounder over exploited
Lobster Ko 1 OP=Precy Catoches increasing
Total Ca'eeh FF . Op<Preop
Lobster Op<Precp Yes Catches incressing
Leagal Catch
Rock crabd Ne '.'-z-’rvop -
» *‘w
Jonsh crab Op <Precp Yes -
Spased on ANDVA results
roe:  NOAA 1991b

LEGEND

T = Otter Trawls
e | = Lobster Traps

Figure 2.2-7. Demersal finfish and Epibenthic crustacea sampling stations.
Seabrook Operationai Report, 1991.
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1987 year class out of the relatively
shallow study area to deeper water off-
shore.

CPUE of hake sp. in the study area and
the NMFS biomass indices do not show the
same trends (Table 2.2-8). The term
"hake sp." represents catches of red,
white and spotted hake. CPUE of hake
sp. in the study area decreased slowly
until 1990 when the 1lowest CPUE was
recorded. The NMFS biomass index for
red hake in the Gulf of Maine has in-
creased to the highest recorded leve's
in 1990, but the NMFS index for white
hake has remained stable since 1981 with
no discernible trends (NDAA 1991h). It
is difficuit to compare the indices for
red and white hake with the CPUE of
combined hake species from the study
area. This lack of specificity may
contribute to the apparent differing
trends. Reductionr however, occurred
prior to plant operai n and are there-
fore unrelated.

Yellowtail flounder CPUE in the study
area has decreased steadily since 1980,
paralleling the NMFS biomass index on
Georges Bank, which has decreased stead-
ily since its most recent peak in 1983.
Yellowtail flounder stocks on Georges
Bank are considered overexploited (NOAA
1991b). The decrease in yellowtai)
flounder CPUE in the study area cannot
be attributed to the operation of
Seabrook Station because it began before
operation and occurred over a wide geo-
graphic area beyond the potential impact
zone of Seabrook Station.

Winter flounder CPUE in the study area
was greatest in 1980 and 1981 and has
since declined, although there were no

significant differences in CPUE between
the operational and preoperational peri-
0ds. The Massachusetts Division of
Marine Fisheries (MDMF) spring winter
flounder abundance index was greatest in
1981 and 1983 and has likewise declined
to the Jowest levels in the series in
1988-1990 (NDAA 1991b). Winter flounder
stocks on Georges Bank and the Gulf of
Maine are considered to be overexploited
(Table 2.2-8; NOAA 1991b). Similar to
yellowtail flounder, the decline in
winter flounder abundance in the study
area began before Seabrook station be-
came operational and took place over @
wide geographic area, and thus cannot be
attributed to the operation of Seabrook
Station.

ibenthic Crus e

Lodster (Homarus americanus). Because

of its commercial importance, all life
stages of the American lobster have been
studied over the 1last 14-17 years.
Benthic-oriented juvenile and acult
lobsters would most likely be suscepti-
bie to the potential effects of plant
operation by changes in their food
sources resulting from the effects of
increased detritus (Figure 2.2-7).
Changes in temperature resulting from
Seabrook Station are unlikely at the
depths where lobsters are monitored for
this study because of the buoyancy of
the discharge plume. Temperature in
general can affect lobster activity lev-
els and the likelihood of capture (Dow
1969) @as well as migratory behavior
(Campbell 1986). Seasonal patterns of
total lobster catches in 1991 were simi-
lar to previous years. The average
annual catch at the discharge site in
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1991, 76 per 15-trap effort, was not Impingement of lobsters in the cooline

significantly different from previous
years (Table 2.2-8). However, total
catch at the farfield area was signifi-
cantly reduced in 1991,

The adult lobster catches are influ-
enced by a number of factors. Inshore
lobster catches have been steadily in-
creasing from 1975-1990 (NDAA 1991b).
This increase may in part be the result
of increasing water temperatures in
general throughout the region, which
have been correlated with lobster land-
ings, both in the current year and after
8 six-year lag period (Fogarty 1988:
Campbell et &Y. 1991). In addition,
there is evidence suggesting that fish-
ing intensity is also increasing in &n
effort to maintain landings after in-
creases in the legal size-limit (NDAA
1991b). In Maine, newly recruited le-
gal-sized lobsters are almost completely
harvested in the same year (Fogarty
1988). Approximately 2.4 legal-sized
lobsters (per 15 trap effort) were
caught at the discharge site in 1991,
similar to levels in 1990, when the last
legal-size increase was enacted in New
Hampshire. Historically, in this study,
percentages of legal-sized lobsters have
decreased with each increase in the
legal-size 1imit, as would be expected.
The trend of decreasing catches of le-
gal-sized lobsters is similar between
the nearfield and farfield stations,
indicating that it is a result of chang-
es in legal-size definition rather than
en effect of plant operation. Propor-
tions of female and egg-bearing lobsters
were consistent with previous years.
Thus plant operation has not affected
the proportion of reproducing females.
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water system was not expected becauvse of
the off-bottom intake location. Howev-
er, in 1991, 29 sublegal-sized lobsters

were impinged, most after a severe
northeastern storm in October. Only
four lobsters were impinged in 1990.

This level of impingement does not pose
a8 threat to the local lobster popula-
tion.

Jonah and Rock Crabs. dJonah (Cancer

borealis) and rock crabs (C. irroratus)
are the two other important invertebrate
predators in the study area and could be
subject to the same potential for impact
as lobsters. Jonah crabs have shown
evidence of @& multiple-year cycle in
catch levels, resulting in a significant
decrease during the operational period
in comparison to previous years (Table
2.2-8). As @ similar trend occurred at
nearfield and farfield stations., the
change is unrelated to plant operation.

Rock crabs are less prevalent than
their congener in the study area, proba-
bly because of their preference for
sandy substrate (Jefferies 1966).
Catches of rock crabs also show multi-
ple-year trends that differed between
nearfield and farfield areas. No sig-
nificant differences occurred between
cperational and preoperational catches
at the nearfield station. However, at
the farfield station, rock crab catches
were significantly higher in 1991 than
during the preoperational period (Table
2.2-8B).
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2.3 TUARIN N
Background

Environmental studies in Hampton Har-
bor estuary include monitoring physical
parameters (temperature and salinity),
fish populations, benthic macrofauna,
and juvenile and adult soft-shell clams
(Mya arenaria) (Figure 2.3-1). The
estuary has been monitored to determine
the effects, if any, of the settling
basin discharge since 1978. This in-
cluded any possible effects of tunnel
dewatering, which added large volumes of
ocean water to Browns River through
1983. Current estuarine monitoring ef-
forts are conducted to identify any
potential effects from either settling
basin discharge or Seabrook Station
operation. One of the main environmen-
ta) issues in the Hampton-Seabrook estu-
ary related to plant operation was whe-
ther the offshore intake and discharge
would impact the adult clam population
in Hampton Harbor. The probability of
impact from the most-likely source,
entrainment of Mya larvae, 15 small (NAI
1977e), as discussed in Sections 2.1.1
and ' 3.3.7. Effects on juvenile and
adult Mya were evaluated by comparing
population estimates developed for 1991
with those from previous years.

Temperature an 1ini Temperature
and salinity, monitored in Hampton Har-
bor and Browns River since 1978, show
predictable seasonal circles. Tempera-
tures generally followed the same pat-
tern in 1991 but were higher than aver-
age in September-October. In 1991,
heavy rains in August (resulting from
Hurricane Bob) and September led to
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lower-than-average salinities during
these months. Hampton Harbor salinities
showed higher salinity and lower year-
to-year variability then Browns River
because of the influx of & large volume
of offshore waters.

hi¢c Macrofaun

The benthic macrofaunal community in
Mi1l Creek (Station 9), outside the
influence of Seabrook Station’s settling
basin, and Browns River (Station 3) was
typical of New England estuaries. Sur-
face and subsurface deposit feeders
predominated, including opportunistic
polychaetes such as Streblospio bene-
dicti and Capitella capitata, with sus-
pension feeders and omnivores forming an
important component. In Mill Creek and
Browns River, the biological parameters
measured were highly variable seasonally
and annually, with total abundance,
numbers of taxa, and abundances of most
of the dominant species significantly
different among years and between Sta-
tions. In 1991, total density, numbers
of taxa, and community dominants were
similar to previous years (Table 2.3-1).

Fish

Important estuarine fish include both
diadromous species as well as residents
(Figure 2.3-1). The dominant resident
fish species in the estuary for both the
preoperational and operationzl periods
was Atlantic silverside. Atlantic sil-
verside made up approximately 66% of the
total catch for the preoperational peri-
od and 51% of the catch in the opera-
tional period. The dominance of Atlan-



TABLE 2.3-1. SUMMARY OF EVALUATION OF EFFECTS OF OPERATION OF SEABROOK
STATION IN HAMPTON ESTUARY. SEABROOK OPERATIONAL REPORT,1991.

OPERATIONAL SPATIAL !
{ COMMUNITY/ PERIOD SIMILAR DIFFERENCES '
| SPECIES UFESTAGES TOPREVIOUS  CONSISTENT '
; YEARS? & PREVIOUS YEARS? *|
i Benthic Macrofauns
{ Nusber of taxa
| Total density -e Yes Yes
: Stebtospio o Yesx Yes
|  benmedict: e Yer Yes
lsoft-.h.11 clam Young~of-year (1-Smm) No Flat & Op<Preop
| (within harbor) Flasts 1, 2
! Op*Precp
‘ Young-of-year (1-12ime) Yes (ares-wide! Hampton=Ipswich
{ Spat (6-25em) Op<Preop Yos
i Juvenile (26~50mw) Op<Preop Yes
Adult (>50mm ) No Flati Op=Preop
Flat’ Op>Preocp
Flat2 Op<Preop
Fish
Winter flounder Op<Precp yes
Rainbow smelt yes yes
Atlantic silverside yes yes

*Operstional period for soft-shell clam defined as 1990 and 1991, for estuarine
benthos and fish defined ss 1997, Results besed on ANOVA.

Figure 2.3-1. Hampton-Seabrook estuary temperature/salinity, sofi-shell clam Mya
arenaria, green crab Carcinus maenas and benthos sampling stations.
Seabrook Operational Report, 1991.

2-35



SUMMARY OF FINDINGS
ESTUARINE ZONE

tic silverside was reduced in 1950 due
to high catches of rainbow smelt, al-
though Atlantic silverside CPUE was
within the range of previous years. In
1991 CPUE and percent composition of
Atlantic silverside was comparable to
the preoperational period (Table 2.3-1).
The popuiation historically has been
composed primarily of yearling fish but
the occurrence of young-of-the-year size
classes in spring has indicated spawning
and recruitment 1in the estuary (NAI
1685b). The year-to-year variation in
silverside catch has been the main cause
of the observed variation in the total
annual catch in beach seines for all

species combined. However, given the
high annual wvariability in silverside
catches, there were no significant dif-
ferences in CPUE between the
precperational and operational periods.

Rainbow smelt were an important but
nighly variable (both seasonally and
annually) constituent of the demersal
fish community at the entrance to the
estuary, generally present in spring and
summer, when young-of-the-year and year-
ling smelt move into the estuary. CPUE
of rainbow smelt in 1950 was the highest
observed to date. Since increased abun-
dances of smelt were for the most part
due to higher catches prior to commer-
cial operation, they are not related to
plant operation. 1In 1991 CPUE of rain-
bow smelt was recorded 2t preoperationa!
levels. There were no significant dif-
ferences in CPUE between the precpera-
tional and operational period (Table
e.-3*1).

Winter flounder have composed only 2
small portion of the estuarine fish
assemblage, averaging only 2% since

1976. This species undergoes onshore/
offshore migration, depending on the
time of the year (Bigelow and Schroeder
1953). Juveniles (ages one and two,
based on length-frequency analysis) have
been the main constituent in the estu-
ary, primarily collected during the
spring and summer (NAI 1985b). CPUE of
winter flounder in the seines during the
operational period was significantly
lower than the preoperational period
(Table 2.3-1). Similarly, densities of
larval winter flounder were significant-
1y lower during the operational period.
However, there were no significant dif-
ferences in CPUE of adult winter floun-
der in the trawls between the preopera-
tional and operational periods. Winter
flounder in the estuary are primarily
juveniles and the decrease in CPUE ob-
served in the estuary may be a result of
decreased larval densities. The de-
crease in larval densities and the de-
crease in CPUE in the estuary observed
during the operational period may appear
in future years as a decrease in adult
winter fiounder in the trawls. Winter
flounder abundance in the Gulf of Maine
has decr~ased steadily since 1983 and
the stock is presently overexploited
(NOAA 1991Db). The decrease in the
young life stages of winter flounder
(larvae and juveniles) is Tikely & re-
sult of a regional decrease in the abun-
dance of adults.

ft-Stell Clam

Since the Hampton-Seabrook estuary
contains the majority of New Hampshire's
stock of the recreationally-important
species Mya arenaria, an extensive sam-
pling program (initiated in 1969) has
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been undertaken in order to characterize
the natural variability in the popula-
tion for all lifestages.

Recruitment to and survival of the
soft-shell clam population in Hampton
Harbor is affected by a variety of fac-
tors, including predation and disease,
that must be considered in impact as-
sessment . Recruitment of larvae to
young-of-the-year is not well under-
stood. Apparently unrelated to the
abundance levels of larval stages (NAI
1982b), it is instead a function of the
presence of favorable conditions when
veligers are able to settle. Successful
young-of-the-year sets have occurred
throughout the preoperational period.
Young-of-the-year densities in 1991 were
less than the higher-than-average levels
in 1990, but, with the exception of Flat
4, similar to the 1974-1989 average.
Considered together, 1890 and 1991
young-of-the-year densities were similar
to the preoperational average at Flats 1
and 2, and lower than average at Fliat 4
(Figure 2.3-1, Table 2.3-1). For
Hampton Harbor as a whole, young-of-the-
year densities in 1990 and 1991 were not
different from those at nearby Plum
Island Sound.

Survival of young-of-the-year to adult
size depends on a8 number of factors in-
cluding the level of disease and pre-
dation. The preoperational period in-
tludes the extremes of 2 "boom and bust"
cycle of spat, juvenile and adult clams,
in part dictated by a classic predator-
prey relationship. Densities averaged
over the 1974-1989 period are elevated
by the “"boom period® of the 1970°'s and
early 1980°s. As a result, densities of
spat, juveniles and adults from 1990 and
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1991, even though similar to recent
years, are lower than the preoperational
average (Table 2.3-1). The reasons for
the recent mortality of young-of-the-
year sets since 1984 are complex, but
certainly include the increase of its
major predator, green crab Carcinus
mgenas. Warm winter temperatures from
1984 through 1989 enhanced green crab
survival, coinciding with decreased
densities of spat and juvenile clams.
Lower green crab catches in 1990 corre-
sponded to increases in spat and juve-
nile clams on some flats (NAI 1991b).
However, reduced green crab catches in
1891 did not result in an overall in-
crease in spat and juveniles.

Another factor in evaluation of long-
term trends is human predation by ciam
diggers, who harvest adult clams and
disturb the fiats, hampering survival of
juveniles as well, Numbers of clam
licenses sold dropped sharply beginning
in 1981, followed by closure of the
flate in 1989. Coincident with the
decrease in clamming was an increase in
the numbers of  harvestable clams
throughout Hampton Harbor that was sus-
tained through the mig-1980°'s. After
that time, low numbers of spat and juve-
niles limited recruitment to the adult
size class.

Another factor affecting growth and
survival of clams was the presence of
sarcomatous neoplasia, a2 lethal form of
cancer in the soft shell clam. The
incidence of neoplasia in Hampton Harbor
in 1986 and 1987 was restricted to Flats
1 and 2 (Hillman 1986, 1987). Signifi-
cant increases in adult clam densities
in 1990/1991 in comnarison to previous



SUMMARY OF FINDINGS
ESTUARINE ZONE

years occurred only at Flat 4, where
neoplasia has historically been absent.

The key to monitoring the soft-shell
clam population is wunderstanding its
long-term cycle and all of the factors
that affect it. Young of the year (1-12
mm) recruitment in 1990 and 1991 in
Hampton Harbor was similar to that in 3
neighboring estuary, 1indicating that
Seabrook Station was not affecting lar-
val settlement (Table 2.3-1). Spat and
juvenile densities in 1990 and 1991 at
each flat were lower than the pre-
operational average. However, the pre-
gperational average includes extremely
successful periods of clam recruitment
and survival, when densities of its
major predator were low, as well as
periods of very low density, leading to
significant differences in density among
years, Trends in the spat and juvenile
soft-shell densities were similar to
recent years, suggesting that there is
no effect from operation of Seabrook
Station. Densities of adults continue
to be diminished at Flat 2. but were
similar to the preoperational average at
Flat 1. Flat 4 was the only area to
show an increase in adult densities in
1990/1991., Flat 4 was also the only
area where historically no evidence of
the lethal disease neoplasia was detect-
ed.
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3.0 RESULTS

3.1 WATER QUALITY AND PLANKTON

3.1.1 Water 13

Three physical (temperature, salinity,
and dissolved oxygen) and five chemica)
(orthophosphate, total phosphorus, ni-
trite-nitrogen, nitrate-nitrogen, and
ammonia-nitrogen) parameters have been
monitored over the last 14 years at
three stations: PZ (discharge), P5
(intake), 3and P7 (farfield; added to
program in 1982). The data from this
effort describe the seasonal, temporal,
and spatial characteristics of the water
column in nearshore waters and off of
Hampton Harbor. In general, the water
quality data show definitive seasonal
cycles with one or two annual peaks at
a1l stations; that there are differences
between the preoperational (1978-1989)
and operational (1990-1991) periods at
each station; and that there are few
quantitative differences among the three
stations. The methods used to draw
these compariscns were an analysis of
annual means and an analysis of variance
(ANOVA) procedure. The ANOVAs were
structured as followed:

a) Preop-Op tests differences in con-
centrations or temperatures between
the preoperational and operational
peripds, regardliess of station, and

will detect whether operational
period falls within historical
variability:

b) Station test: differences in con-
centrations ¢r temperatures among
Stations P2, PS5 and P7, regardiess
of sample date, and will detect
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whether there has been a consistent
relationship in concentrations or
temperatures spatially;

c) Year (Preop-Op) tests differences
in concentraticns or temperatures
among years nested within preopera-
tional and operationa)l periods,
regardless of station, and will de-
tect whether any year or years are
unique;

d) Month (Preop-Op) tests differences
in concentrations or temperatures
among months nested within preoper-
ational and operational periods,
regardless of station, and will de-
tect whether there is a2 consistent
seasonal pattern: and

e) Preop-Op X Station tests differenc-
es in concentrations ¢r tempera-
tures between the main effects of
preoperational and operational
periods and station and will detect
whether the relationship in concen-
trations or temperatures among
stations has been consistent be-
tween preoperational operationa)
periods.

Water temperature was monitored in the
nearfield both continuously and from
discrete samples collected weekly,
twice-weekly, or monthly during plankton
cruises. Historically., monthly mean
values derived from both sampling meth-
ods have been similar (NAl 1580d, 1981f,
19822, 1985a). On a monthly basis, both
surface and bottom temperatures recorded
in 1991 at Station P2 were equal to or
greater than the preopergtional monthly
means throughout the year (Figure 3.1.1-
1). Temperatures followed similar sea-
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Figure 3.1.1-1. Surface and bottom temperature (°C) at nearfieid Station P2, monthly means
and 95% confidence intervals over all years from 1978-1989 and monthly
means of surface temperature at Stations P2, PS, and P7 in 1990 and 1991.

Seabrook Operational Report, 1991.
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sonal patterns during both periods. The
1991 annual mean surface and bottom
temperatures were significantly greater
than the preoperational means (Tables
3.1.1-1 and 3.1.1-2). Since 1987, when
P5 was first sampled, significant spa-
tial differences have been apparent in
surface and bottom temperatures among
the three stations, with temperatures at
P5 greater than at P2, and temperatures
at P2 greater than at P7; this relation-
ship between the thre2 stations has been
consistent over the recent (1987-1989)
preoperational period and through 1891
(Table 3.1.1-2). As previous studies
have 1indicated that Hampton-Seabrook
estuarine circulation can extend to the
intake/discharge areas, long-term spa-
tial differences in temperature could be
related to the estuary. The analysis of
variance (ANOVA) results aiso indicate
that, at 811 stations, surface and bot-
tom temperatures differecd among months
(seasonally) and among individual years.

Temperature was monitored on 8 contin-
uous basis at the discharge (DS) and in
the farfield (77) area beginning in
August 1990, at the start of commercial
operation. The continuously-recorded
data revesled the same seasonal pattern
of 8 summer maximum {August) and 2 late
winter minimum (March) as noted in data
collected during the plankton cruises
(Figure 3.1.1-2). kith the exception of
July and August 1991, monthly mean tem-
peratures at the discharge were consis-
tently higher than at the farfield sta-
tion (Table 3.1.1-3). The August, Sep-
tember and October 1990 temperatures at
both Tocations were slightly higher than
those observed in 1991, but temperatures
overall are similar between the two
years.
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Differences between surface and bottom
temperatures have followed & similar
pattern during both the preoperational
and cperational periods, and ameng the
three stations (Figure 3.1.1-3). The
thermocline generally begins to build by
late February, reaching its strongest
point in July or August, and gradually
erodes by November. With few exceptions
(April and September at PZ2; April, May,
June, and September at P7), the strength
of the thermocline observed in 1991 was
similar to that observed in the preoper-
ational period. For each of the excep-
tions noted, the 1951 thermocline was
stronger than observed during the preop-
erational period.

With the exception of 19%0, surface
salinities at Station PZ have histori-
cally reached an annua) minimum during
April or May, largely in response to the
period of spring runoff (Figure 3.1.1-
4). In 1991, 2 second low occurred in
October, which correspords to the occur-
rence of a8 northeast storm in the New
England coastal area. Although there
was 8 significant difference in surface
salinities between the preoperational
period and 1991, (1991 average value was
lower), no differences among stations
were apparent (Tables 3.1.1-1 and 3.1.1-
2). Bottom salinities followed 2 simi-
lar but less pronounced seasonal pat-
tern. Similar bottom salinity differ-
ences were noted between prepperational
and operational periods, end differences
among the three stations were also ap-
parent (Tables 3.1.1-1 and 3.1.1-2).
This difference occurred primarily be-
tween Stations P2 and P7 (Table 3.1.1-
1), and was apparent in both the pre-
operational period and in 1661,



TABLE 3.1.1-1. GEOMETRIC MEANS AND 3$5% CONFIDENCE LIMITS FOR WATER QUALITY
PARAMETERS MEASURED DURING PLANKTON CRUISES AT STATIONS P2, PS5,
AND P7 OVER PREOPERATIONAL YEARS AND GEOMETRIC MEANS IN 1890
AND 1891. SEABROOK OPERATIONAL REPORT, 1991.

PREOPERATIONAL YEARS® x

PARAMETER LCL X ucL 1880 1991
Surface Temperature (°C)

Pz g.60 9.12 9.63 9.55% 10.02

Ps 8.99 9.66 10.33 G.64 10.20

P7 8.28 8.82 9.37 9.37 .77
Bottom Temperature (°C)

P2 6.74 7.10 7.46 7.81 7.90

Py 6.80 7.24 7.68 7.91 8.01

P7 6.53 6.89 7.25 7.81 7.78
Surface Salinity (ppt)

P2 31.50 31.62 31.74 31.30 31.22

P5 31.44 31.61 31.79 31.11 31.10

P7 31.40 31.56 31.72 31.12 31.10
Bottom Salinity (ppt)

¥ 32.11 32.19 32.26 31.95 31.57

P5 32.12 32.21 32.30 31.80 31.68

P7 32.17 32.25 32.32 31.74 31.86
Surface Dissolved Oxygen (mg/L)

P2 9.59 9.72 9.84 9.67 $.50

PS5 §.51 9.65 9.80 9.70 9.54

P7 9.583 9.66 9.79 9.60 9.46
Bottom Dissolved Oxygen (mg/L)

P2 9.05 9.20 9.35 9.11 B.91

Ps 8.61 9.10 9.29 9.16 9.04

P7 8.91 9.08 §.25% B.97 B8.92
Orthophosphate (pg/L)

P2 11.96 13.06 14.17 13.95 13.57

Ps 10.78 12.33 13.88 13.90 14 .67

P7 14.22 15.69 17.16 15.48 14 .52
Total Phosphorus (ug/L)

P2 24.00 25.74 27.48 28.10 28.57

P5 25.02 27.33 29.63 30.95 30.00

P7 26.68 28.8B6 31.04 31.43 29.52
Nitrite (ug/L)

P2 1.84 2.07 2.31 2.76 1.95

Ps 1.87 2.17 2.47 2.64 2.00

P7 1.64 1.94 2.24 3.10 2.19

(continued)



TABLE 3.1.1-1. (Continued)

PREOPERATIONAL YEARS® X

PARAMETER LeL X ucL 1990 1991
Nitrate (ug/L)

P2 32.60 39.21 45.81 60.48 44,25

13 30.73 38.61 46.50 60.00 45.71

P7 32.27 40.90 49.52 67.62 43.57
Ammonia (ug/L)

P2 4.84 6.46 .08 8.13 6.67

33 4.70 6.25 7.80 7.50 5.42

P7 4.96 7.71 10.46 10.42 7.08

dpreoperational years: P2 = 1978-1984 and 1987-1989
PS5 = 1986 - 1989
P7 = 1982-1984 and 1987-1989

bBecquse analytical methods for ammonia changed in April 1988, preoperational
period for ammonia is April 1988 - December 1989.
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TABLE 3.1.1-2. RESULTS OF ANALYSIS OF VARIANCE COMPARING WATER QUALITY CHARACTERISTICS AMONG
STATIONS P2, P5, AND P7 DURING PREOPERATIONAL AND GPERATIONAL (1991) PERIODS.
SOURCE OF MULTIPLE
PARAMETER VARIATION? DF $S F COMPARTSONS
Surface Temperature PREQP-0PD-€ 1 43 .87 682.96%*+* 0P>PREOP
YEAR (PREOP)Y 2 3.09 24,08%%+
MONTH (¥EAR)9 a4 3451 .88 1221.31%**
STATION 2 2.28 17.74%%+ PS>P2>PT7
PREOP-0OPxSTATION? 2 0.06 0.49 NS
ERROR 9?2 5.91
Bottom Temperature PREOP-OP 1 64 .84 773.37%%= OP>PREOP
YEAR (PREOP) 2 1.29 7.69%%%
MONTH (YEAR) 44 1162.13 315,05%**
STATION 2 0.83 4.96%+ PS P2 P7
PREOP-OPxSTATION 2 <0.01 0.01 NS g
FRROR 92 7.71
Surface Salinity PREOP-0P 1 2.25 24, 74%%* PREOP>OP
YEAR (PREOP-0P) 2 15.96 B7.62%%+*
MONTH (YEAR) 44 227.66 56 Bl **+
STATION 2 0.51 2.82 NS
PREOP-OPxSTATION 2 0.08 0.46 NS
ERROR 92 8.38
Bottom Salinity PREQP-0P 1 5.02 126,71 %%+ PREOP>OP
YEAR (PREOP) 2 6.21 78.42%%+
MONTH (YEAR) 44 46.92 26.92%%+
STATION 2 0.76 g, 5%+ PI>PEIP2
PREOP-0PxSTATION 2 0.11 1.37 NS
ERROR 92 3.64

{continued)
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TABLE 3.1.1-2 (Continued)

SOURCE OF MULTIPLE
PARAMETER VARIATION? DF SS F COMPARISONS
Surface Dissolved PRECP-OP 1 2.09 103 .37 %%+ PREOQPOP
Oxygen YEAR (PREOP) 2 0.63 15.64 %%
MONTH (YEAR) 44 134.05% 150 .58%%*
STATION 2 0.06 1.46 NS
PREOP-DOPxSTATION 2 0.01 0.32 NS
fRROR 92 1.86
Bottom Dissolved PREQP-0OP 1 2.54 111.20%** PREOPOP
Oxygen YEAR (PREOP) Z 10.85% 237 09%x
MONTH (YEAR) 44 212.77 2i1.29%%=
STATION ? 0.20 4.27 NS
PREOP-OPxSTATION 2 0.13 2.77 NS
ERROR 892 .11
Orthophosphate PREOP-OP 1 10.86 3.84 NS
YEAR (PREQP-0OP) 2 234 .38 4] 4B*=*
MONTH (YEAR) 44 9761.89 78.53»%*
STATION 2 11.36 2.01 NS
PREQP-OPxSTATION 2 B.56 1.52 NS
ERROR 9?2 259.91
Total Phosphorus PREOP-OP 1 7.82 0.26 NS
YEAR (PREOP-0OP) 2 911.50 14 .95%n=
MONTH (YEAR) 43 14944 .65 11.40%**
STATION 2 46 .64 0.76 NS
PREOP-OPxSTATION 2 19.33 0.32 NS
ERROR 90 2743.61
Nitrite PREQP-OP 1 0.83 0.23 NS
YEAR (PREOP-0OP) 2 6.09 B.54%%»
MONTH (YEAR) 44 305.18 19.47%*+
STATION 2 0.80 1.12 NS
PREOP-QPxSTATION 2 0.10 0.14 NS
ERROR 92

{continued)



TABLE 3.1.1-2 (Continued)

SOURCE 07

PARAMETER VARIATION? 0F $S F COMPART SONS

Nitrate PREOP-0OP 1 1.17 0.04 NS
YEAR (PREOP-0P) 2 7621.18 113.07%%+
MONTH (YEAR) a4 478299.48 326 854 %+
STATION 2 15.19 0.23 NS
PREOP-OPXSTATION 2 180.30 2.71 NS
ERROR 92 3059.72

Ammonia PREOP-OP 1 0.24 0.06 NS
YEAR (PREOP-0P) 1 33.86 9.20%*
MONTH (YEAR) 30 521.30 4. 77%%e
STATION 2 33,82 4.59+
PREOP-OPxSTATION 2 4.02 0.55 NS
ERROR 62 228.17

3gased on averaged semi-monthly collections
bPreoperational years: 1987-1989 at each station
Cpreoperational versus operational period, regardless of station

g-€

Year nested within preoperational and operational periods, regardless of station

eMonth nested within year nested within preoperational and operational periods, regardless of station

Station P2 versus PS5 versus P7, regardless of year
:lnteraction between main effects
Preoperational period for ammonia is April 1988 through December 1989

NS = not significant (p 2 0.0%)

* = significant (0.05 2 p>0.01)

*+ = highly significant (0.01 2 p >0.001)
*#+% = yery highly significant (0.001 2 p)

(continued)
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Figure 3.1.1-3. Monthly mean difference and 95% confidence limiis between surface and bottom
temperatures (°C) at Stations P2, PS, and P7 over all years from 1978-1989 and
monthly means for 1990 and 1991. Seabrook Operational Report, 1991.

3-11



PARTS PER THOUSAND

MILLIGRAMS PER LITER

Surtace Salinity

PALTS PER THOUSAND

Surface Dissolved Oxygen

MILLIGRAMS PER LITER

Figure 3.1.14.

Surface and bottom salinity (ppt) and dissolved oxygen at nearfield Station P2,

Botiom Selinity

B L) , L) 8 1

T

3 1 Al

14

JAN FER MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

BONTH

monthly means and 95% confidence intervals over all years from 1978-1989,

and monthly means for 1990 and 1991. Seabrook Operational Report, 1991.
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Surface and bottom dissolved oxygen
concentrations at Station P2 followed
similar seasonal patterns, in the pre-
operational period and in 1991 (Figure
3.1.1-4). As with temperature and sa-
Tinity, dissolved oxygen data show sig-
nificant differences between the pre-
operational period and 1991: no spatial
differences were apparent (Table 3.1.1-
2). With the exception of April surface
concentrations and November bottom con-
centrations, preoperationa]l dissolved
oxygen levels were higher than those
recorded in 1991. On the basis of annu-
a1 means, dissolved oxygen exhibited a
depth:=dependent -inverse relationship
with temperature.

Orthophosphate concentrations have
historically shown & week seasonal pat-
tern of annual minima occurring in June
or July: this pattern was evident, and
slightly stronger, at Station P2 in 1991
{Figure 3.1.1-5). No significant dif-
ferences were detected during the opera-
tional period and no spatial differences
were apparent (Tables 3.1.1-1 and 3.1.1-
% In 1991, the Jsnuary and March
concentrations were the highest yet
observed for those months. A1l other
1991 monthly means were within the range
of previous observations.

Total phosphorus concentrations from
Station P2 have histoarically followed a
pattern similar to and slightly stronger
than orthophosphate concentrations (Fig-
ure 3.1.1-5). The annual mean concen-
trations in 1991 were not significantly
different from those from the preopersa-
tional period. As with orthophosphate,
no spatial differences were apparent in
either period (Tabies 3.1.1-1 and 3.1.1-
2). Monthly mean tota) phosphorus con-

centrations observed in February, June,
and September of 1991 at Staticn P2 were
the higher than historical confidence
limits, while the April 1991 concentra-
tion was lower.

Nitrite concentrations followed a much
less distinct pattern than nitrate con-
centrations, although annual lows also
tended to occur during summer and highs
during the winter (Figure 3.1.1-6). No
significant differences between pre:
operational and 1991 concentrétions were
detected, nor were any detected between
stations (Table 3.1.1-2). The January
1991 concentration at Station P2 was
higher than the historical confidence
Timits.

In 1991 and the preoperational per od,
nitrate concentrations observed at ‘ita-
tion P2 showed a strong seasonal )at-
tern. The annual minimum {(often less
than the detection limit) occurrcg from
early summer to early fall and the maxi-
mum occurred during the winter (Figure
3.1.1-6). Differences between the pre-
operational period and 1991 were not
significant at 211 three stations; fur-
thermore, no significant differences
among stations were detected (Tables
3.1.1-1 and 3.1.1-2). The monthly mean
nitrate concentration recorded in March
of 1991 at Station P2 was higher than
the historical confidence limits.

In 1991, ammonia concentrations at
Station PZ were nearly always 1ess than
the detection 1imit (Figure 3.1.1-6).
Because analytical methods for ammonia
changed in 1988, preoperational-opera-
tional comparisons are based on the
period after April 1988. No differences
in ammonia concentrations between the
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orthophosphate and total phosphorus (ug P/L) at nearfield Station
P2, monthly means and 95% confidence intervals over all years from 1978-1984
and 1986-1989, and monthly means for 1990 and 1991. Seabrook Operational

Report, 1991.
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Seabrook Operational Report, 1991.
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preoperational periced, as defined here,
and the pperational period were detected
(Table 3.1.1-2). Differences between
stations were significant (Table 3.1.1-
2) although not highly so, with concen-
trations at P7 generally greater than at
P2 and P5 (Table 3.1.1-1); this rela-
tionship was consistent in both the
operational and preoperational periods.

The physical and chemical water quali-
ty data collected during the last 14
years show several consistent patterns,
with few exceptions: differences be-
tween preoperational and 1991 data were
significant for all physical parameters
and ammonia, as were monthly (seasonal)
and yearly differences. The remaining
nutrients showed no significant differ-
ences during the operational period.
With the exception of surface and bottom
temperatures and bottom salinities, no
significant differences were noted be-
tween stations. Seasonal patterns ob-
served for all parameters were consis-
tent between the preoperational period
and 1991.

ff f Plan ration

These results indicate that operation
of the Seabrook Station to date has not
altered the water quality in the vicini-
ty of Hampton Beach. Although there are
preoperational -operational differences
among hydrographic parameters, these
differences are apparent among the pre-
operational years as well, suggesting
the presence of long-term regional water
quality trends. Furthermore, cperation-
a1 effects would likely be evident in
spatial comparisons, as previous hydro-
graphic studies have shown that the

nearfield and farfield areas are exposed
to the same water mass (NA] 1985b). The
consistency of the relationship among
the three stations over the preopers-
tional and operational periods, and the
lack of significant differences between
the stations for most parameters, indi-
cates that there are no such effects.

3:1:.2 Ph lankton

3.1.2.1 Jota) Community

For the purpose of this anaiysis, the
phytoplankton community has been divided
into two size fractions: ultraplankton
(<10 wm) and phytoplankton (210 um) as
defined by Marshall and Cohen (1983).
They described the ultraplankton group
as primarily including several, diffi-
cult to identify taxa that appear to be
cyanophyceae (cyanobacteria = blue-green
algae) and/or chlorophyceae (green al-
gae); these cells are typically round to
ovoid and less than 10 um {many between
2-3 pym) in diameter. The cyanophyceae
group appears to be dominated by cells
typically described as Synechococcus
(single-celled) or Nostoc (small chain-
forming cells). The ultraplankton group
include picoplankton (0.2-2.0 mum) and
the smaller nanoplankton (2.0-10 um)
(Sieburth et al., 1978). The ultra-
plankton was analyzed separately from
the phytoplankton (210um) because: 1)
ultraplankton were not really dealt with
quantitively in the scientific community
at large prior to 1978-1580 (Johnson and
Sieburth, 1979; Hall and Vincent, 1990):
2) the Seabrook program deait with this
group only partially (i.e., generally
digc not identify the picoplankton size
fraction) during the 19B81-1984 period:
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it was during this period that the broad
sca’e reporting of these taxa were being
initiated (Stockner 1988); and 3) phase
contrast microscopy, which allows for
better recognition of these smaller
taxa, was only used during the more
recent (1984, 1990, 1991) monitoring
periods. Thus, for the purposes of
conducting a fair evaluation of phyto-
plankton species assemblages between the
preoperation and operational period, the
ultraplankton group was evaluated sepa-
rate from the rest of the phytoplankton.

Phytoplankton - Temporal
Characteristics

During 1991, seasonal 1trends and
monthly mean abundances of phytoplankton
(210 um) were similar to the preopera-
tional period, with peaks in spring
(May) and fall (October) as depicted by
nearfield (P2) collections (Figure
3.1.2-1). 1In the winter of 1991 (Janu-
ary, February), densities were among the
highest values (but stil1 within the
upper confidence limits, UCL) when com-
pared with preoperational monthly val-
ues; densities in July and September
were lTow but again within the 95% confi-
dence limits. Phytoplankton densities
during all other months in 1991 were
quite similar to preoperational values.
These trends are different from those
reported in 1990 because at that time
the very small cells (i.e., ultraplank-
ton) were included in the total density
values (NAI 1891b).

Although there is seasonal succession
in the phytoplankton community, the
dominant species greater than 10 um are
almost always diatoms (Bacillario-

phyceae)(Figure 3.1.2-1). 7This was as
true for 1991 as it was for the pre-
operational period; these taxa typically
dominated the community for nine to ten
months out of the year. The diatoms
that typically dominated the nearfield
(P2) population within any year included
Skeletonema costatum, Rhizosolenia deli-
catula, Lleptocylindrus minimus, Cylin-
drotheca clostrium, and Thallassionema
nitschioides with various Chaetoceros
and Nitzschia species (Table 3.1.2-1).
Some of these diatoms were abundant in
late winter/spring while others were
most abundant during the summer and/or
fall period. Other classes of algae
typically contributed to a greater per-
centage of the population during the
spring (April/May) and late summer/fall
periods (Figure 3.1.2-1), Averaged over
the seven year preoperational period at
P2, the yellow-green algae (Xanthophy-
ceae) were the only other group making
up more than 10% of the population in a
month mainly due to blooms of Phaeocys-
tis pouchetii in certain years. This
species was quite common from 1978 to
1980 and very abundant in 1981 and 19B3;
it was present in 1990 but not observed
in 1982, 1984 or 1991 (Table 3.1.2-1).
This is one of the species that appears
to have a highly varisble occurrence
from year to year, thus making it diffi-
cult to characterize the "typical® sea-
sonal phytoplankton community within the
study area. Dinoflagellates (Dinoph-
yceae) were the only other group con-
tributing more than 1% to preoperational
monthly values. Densities and species
composition were similar to those re-
ported elsewhere for the GBulf of
Maine/northeastern continental shelf
grea (Marshall 19B4; Marshall and Cohen
1983).
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SEABROCK OPERATIONAL REPORY, 1891.

PERCENT COMPOSITION® OF SPECIES BY YEAR FOR PHYTOPLANKTON

AT STATION P2,

TABLE 3.1.2-1.
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During 1991, phytoplankton taxa of
secondary dominance included dinoflagel-
lates, cryptomonads (Cryptephyceae) and
yellow-brown algae {(Chrysophyceae),
which contributed up to 42% of the popu-
lation in @ given month (Figure 3.1.2-
1). These latter two groups included,
respectively, taxa such as Cryptomonas
sp., which was most abundant in spring
(May), and Dinobryon sertularia, which
was most abundant in July. The most
abundant dinoflagellates had maximum
levels in May (Gymnodinium and Peridin-
jum species) or late fall/winter (Proro-
centrum micans). Species composition
for phytoplankton (>10 am) in 1991 did
not appear unusual compared with previ-
ous years, although there were some
differences. However, cluster anaiysis
conducted in 1984 indicated that it is
difficult to characterize a truly "typ-
ical™ year (NAl 19B5b), As described
previously, there can be large blooms of
2 particular species unigue to 3 given
year, which makes the combination of
taxa which dominate the population some-
what different from year to year. The
1984 analysis showed some years to be
similar but some to be quite unigue.
for this reason, phytoplankton studies
have included an analysis of parameters
that may be more predictable indicators
of population status, such as the abun-
dance of a2 selected species (Skeletomena
costatum) or total biomass (chlorophyll
a.

Phytoplankton - jal P rn

Phytoplankton has been examined in the
nearfield (Stations PZ and P5) and the
farfield (Station P7) areas to determine
whether their historical relationship

has been maintained during operation of
Seabrook Station. Spatial differences
in phytoplankton in this study area can
be caused by several factors. The
patchy distribution of plankton in gen-
eral can be a major contribution to
nearfield-farfield differences. The
direction and magnitude of the water
currents and their relationship to the
sampling sequence can also change the
relationship of sample collection to &
patch. These factors contribute more to
nearfield-farfield wvariability than
differences between the nearfield (P2,
P5) stations. Nearfield variability may
in part be a result of potential differ-
ences in ebb tide plumes from Hampton-
Seabrook estuary and/or Tow speed (tid-
ally driven) currents, Hydrographic
studies done in 1977 indicate that the
estuarine plume can extend offshore into
the area of Station PS5 but may not di-
rectly influence P2 (NAI 1978b). Thus,
it is the value of multiple years of
preoperational collections that charac-
terize this spatial variability and
provide a background for comparison.

An examination of mean annual densi-
ties at each station indicates that
total abundances were spatially quite
similar during the preoperational and
operational periods (Table 3.1.2-2).
During 1991, the nearfield Stations P2
and P5 were quite similar and generally
similar to the farfield Station P7 based
upon the percent composition of the 19
numerically dominant taxa (Table 3.1.2-
3). The greatest spatial difference in
relative abundance was the dominant
taxa, Skeletonema costatum, ({(further
discussed in Section 3.1.2-2), which
composed twice as much of the population
(36%) at P7 compared with its contribu-
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TABLE 3.1.2-2. ANNUAL MEAN ABUNDANCE (log x +1) OF PHYTOPLANKTON
(210pm) AT STATIONS P2, PS5, AND P7 IN 1951 COMPARED
WITH THE PREOPERATIONAL PERIOD.
SEABROCK OPERATIONAL REPORT, 1981,

PREOPERATIONAL OPERATIONAL (1991)
STATION X LeL-uct®  (veARs) X

P2 5,22 5.04-5.40 (78-84)° 5.19

3 5.23 4.97-5.49 (78-81) 5.30

p7 5.08 4.84-5.31 (82-84) 5.23

8( ) = preoperational years
bLower 95% confidence limit-upper 95% confidence limit

TABLE 3.1.2-3. 1991 PHYTOPLANKTON PERCENT COMPOSITION BY STATION.
SEABROOK OPERATIONAL REPORT, 1991.

| | P2 | P5 | P7 |
| BASR fap  ,
| | COMP|Z COMP|% COMP|
R R L R P PP Frrmee $reeene $oemee |
|CLASS TAXA | | | |
| DINOPHYCEAE GYMNODINIUM/GYRODINIUM | 1.58| 0.62| 0.24|
| PERIDINIUM TROCHOIDEUM | 1.17| 0.32] 0.64]
| PROROCENTRUM MICANS | 2.02] 2.16] 3.69|
| CRYPTOPHYCEAE CRYPTOMONAS SP. | 6.88] 3.33] 2.50]
| CYANOPHYCEAE OSCILLATORIA SP. | | 4.37] 5.22]
| BACILLARIOPHYCEAE BACILLARIDPHYCEAE | 6.66] 4.55| 5.54)
| CHAETOCEROS DEBILIS | 1.13] 2.67| 0.90}
| CHAETOCEROS DECIPIENS | 3.68| 9.39| 4.15]
| CHAETOCEROS LACINIOSUS | 0.60| 4.26| 0.84]
| CHAETOCEROS SOCIALIS | 4.25| 8.21| 8.39]
| CHAETOCERDS SP. | 6.43| 5.80] 3.31)
| CYLINDROTHECA CLOSTERIUM| 3.75| 2.37| 2.44|
| LEPTOCYLINDRUS DANICUS | 1.04] 1.21] 1.74|
| LEPTOCYLINDRUS MINIMUS | 13.49| 8.80| 5.99]
1 NITZSCHIA SP. | 1.89] 1.41] 1.57|
| RHIZOSOLENIA DELICATULA | 10.17{ 5.10| 0.98|
l SKELETONEMA COSTATUM | 17.50] 19.03| 35.51|
| T. NITZSCHIOIDES | 2.91] 2.05] 2.s52|
| THALASSIOSIRA SP. | 8.01| 7.21] 7.63|

.......................................................................
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tion at P2 (1B%). The difference in the
nearfield was made up mostly by other
distoms. Among non-diatom taxa, Crypto-
monas sp. exhibited the most noticeable
difference, composing 7% of the annual
abundance at P2 versus 3% at PJ. A
multivariate analysis of variance
(MANOVA), testing the abundances of the
19 numerically important taxa from alil
three stations in 1991, indicated that
species abundances were not significant-
1y different (p20.05) among Stations P2,
PS and P7.

Ultraplankton

Ultraplankton {(<10um) was responsible
for the higher total phytoplankton abun-
dances observed in 1950 (NAI 1991b),.
when compared with the 1978 to 1984
period. Because of this, the signifi-
cance of the ultraplankton to the ecolo-
gy of ccastal waters of New Hampshire
has been further evaluated in this re-
port.

Densities for the ultraplankton group
were substantially higher in 1991 com-
pared with the operational period but

were similar to levels cbserved in 1990
(Figure 3.1.2-2). Although annual means
are of 1imited interpretive value, these
data showed increasing counts each year,
contributing to the apparent operational
versus preoperational difference (Table
3.1.2-4). During the periods 1978-1980
and 1978-1983, small, unicellar flagel-
late algae, either of ti» class Chloro-
phyceae (unidentified taxa) or Cryto-
phyceae (Chroomonas sp.) were reported
as comprising the majority of the ultra-
plankton (Table 3.1.2-5). In 1981,
unidentified blue-green algae (Cyanophy-
ceae) were dominant. In 1984 and 1991,
as well as 1990 (Figure 3.1.2-2), Syn-
ecococcus-type (Cyanophyceae algae were
recorded as very abundant and dominated
the ultraplankton size class. Because

these taxa are very small (<2 um) the
use of improved microscopy (i.e., phase
contrast) since 1984 likely contributed
to the more recent higher counts. Al-
though the apparent annual increases may
initially have causedconcern about oper-
ational influences, spatial comparisons
of 1990 and 1991 abundances showed that
a1l trends were are2-wide, as observed
by the similarities between nearfield
(P2, P5) and farfield (P7) stations

TABLE 3.1.2-4. TOTAL LOG MEAN ULTRAPLANKTON ABUNDANCE BY YEAR
AND 95% CONFIDENCE INTERVALS.

STATION 1978 1979 1980 1981 1982 1983 1984 1991
P2 1.78 2.71 2.18 4.10 4.14 4.5 4.99 6.60
(1.03) (1.10) (1.28) (0.98) (0.52) (0.45) (0.45) (0.2%5)

Ps 6.55
(0.29)

Py 6.53
(0.25)
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Figure 3.1.2-2. Log (x+1) monthly mean abundance and 95% confidence intervals of
ultraplankton at Station P2 during the preoperational years (1978-1984)
and monthly means during 1990 and 1991. Seabrook Operational Repor,
1991.

TABLE 3.1.2.5. PERCENT COMPOSITION OF TAXA BY YEAR FOR ULTRAPLANKTON
AT STATION P2. SEABROOK OPERATIONAL REPORT, 1991.

PERCENT COMPOSITION BY YEAR *

TAXON 78 78 80 81 82 83 B4 ]
Cyanophyceae; colonial 43 688 80.0
Aiga. uniceliular 471 52 0.1 2.1 02 87
Cyanophyceae: filamentous 38 <1 0.1 40
Chroomonas sp. §20 915 220 24 216 14 29
Alga; fagellate 8s 780 se 745 96 4 303 29
Ocytoxum sp. 0e 0.1 04 05
Cyanophyceae 56.1 0.1 0.2
Total 1000 1000 1000 1000 1000 1000 1000 1000

*1990 not represented here becsuse samples not collected for 12 months. see NAI 19910 for results
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(Figure 3.1.2-2; Table 3.1.2-5). Not
only were total densities quite similar
among stations in 1991, but the percent
composition of these most abundant taxa
were also quite similar.

The abundances of wultraplankton in
this study are consistent with findings
from studies in the region. It has been
reported that the general oceanic abun-
dances of picoplankton (0.2-2.0um) range
from 10° to 10% cells/liter for the
cyancbacteria forms and 10° to 10’
cells/liter for eukaryotic (i.e., chle-
rophyceae, etc.) forms (Joint 1986).
The wubiquitous nature of the pico-
plankton and the magnitude of their
abundance has been reported elsewhere
(Stockner 19B8) &s has the abundance of
the dominant picoplanktonic species,
Synechococcus (Karlson and Nilsson,
1691; Shapiro and Haugen 1988; Murphy
and Haugen 1985; Glover et al. 1986).
These studies corroborate the abundances
of ultraplankton recorded in the 1991
Seabrook studies. For example, counts
of cyancbacteria (Synechococcus) in
Boothbay Harbor, Maine during 19B4-B5
sampling were r2ported to be in the
range of 1 to 15 «x 106 celis/liter
(Shapiro and Haugen 19BB), similar to
levels that are now being reported in
these studies. Recent studies in Massa-
chusetts Bay have shown ultraplankton to
have a similar species composition as in
this study and total abundance in the

same order of magnitude or higher
(Haugen 1991). For example in August
1990, Haugen reported wultraplankton

levels on the order of 95 «x 106
cells/liter (August 14) while in these
studies we recorded values of 9 x 105
cells/Titer (August 9)(NAI 1991a).
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Thus, it appears that improved method-
ologies in these studies have allowed a
true recognition of the abundances of
ultraplankton that exist in the study
area. Currently, comparative abundances
of ultrapliankton with other studies in
the region, combined with similar abun-
dances of these taxa between the near-
field and farfield areas of this study
would indicate that Seabrook operation
has had no effect on this group of phy-
topiankton.

Chlorophyl]l a Concentrations

Chlorophyll & concentrations may, in
general, be used as a measure of phyto-
plankton standing crop (biomass), al-
though the issue is complicated by the
varying amounts of chlorophyll & con-
tained in the differing sizes and spe-
cies of phytoplankton. During the pre-
operational period, chlorophyll & con-
centrations showed a bimodal pattern,
with pesks in spring and fall (Figure
3.1.2-33. Concentrations followed @
similar pattern in 1981, with the spring
(May) sampling events occurred during a
higher peak than the fall cecllections.
The two highest concentrations at P2 in
1981 were observed in May and in Novem-
ber; smaller peaks were apparent in
February and in September. Preopera-
tional chlorophyll & peaks are less
distinct becsuse the 12-year average
integrates year-tp-year shifts in the
timing of peak occurrences. Thus, al-
though annually there are usually two
noticeable seasonal peaks in chlorophyil
a8, the timing of each peak may vary over
8 several-month period from year-to-
year. This factor also contributes to
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the variability in the monthly confi-
dence intervals.

The average monthly chlorophyll @
concentrations at nearfield Station P2
in 1991 were lower than the mean but
were within the broad confidence inter-
vals of the preoperational period (Fig-
ure 3.1.2-3). The preoperaticnal month-
ly means are high due to the occurrence
of very high chlorophyll a levels in
1980 and 1981 (NAl 1982c) and to a less-
e1 degree by the two to three year peri-
od of higher than average levels on
either side of 1980 (Figure 3.2.1-3).
Since 1981, a seasonal peak value great-
er than 4.0 mg/m3 has been very rare,
with most ranging between 1.0 and 4.0
mg/m3. Chlorophyll a levels during the
1990 and 1991 periods of Seabrook opera-
tion have been generaliy consistent with
levels recorded during the meore recent
preoperational period, i.e., 1983-1989
(Figure 3.1.2-3).

Some variability in the occurrence of
s2asonal peaks of chlorophyll a was also
observed among stations. For example,
in 1991 the highest spring values were
recorded in March (1.18 mg/m°) and April
(1.17 mg/m®) at the farfield station
(P7), while in the nearfield the monthly
average was highest in April (1.73
mg/m3) at P5 but occurred in May at P2
(1.62 mg/m3) (KAl 1992). The fall val-
ues were similar among stations in 1991,
with the exception of quite divergent
nearfield/farfield levels in December
(i.e., 3-4 times higher at P7). Differ-
ent trends in chlorophyll & values be-
tween nearfield and farfield areas was
born out previously in the correlation
analysis (NAl 1991b). In 1990, near-
field stations (P2, P5) were highly

correlated; correlations with farfield

values were sti]] significant but corre-

lation values were lower; all correla-

tions were also significant in 1991.

Observed differences may have been due

to small-scale patchiness rather than-
significant differences in population

biomass within the study area.

Temporal and spatial patterns in chlo-
rophyll & concentrations were examined
with ANOVA for the recent period (1987-
1989 and 1991) when all three stations
were sampled concurrently for 12 months
{(Table 3.1.2-6) Chlorophyll & levels
were significantly higher in the first
full operational year (1991) thau in
recent preoperational years. Although
this could be primarily attributable to
Tower Tevels at Station P7 (NAl 1992),
the Jlack of a significant interaction
term (Preop-Op X Station) implies that
differences between preoperational and
operational periods were consistent
among stations.

PSP Levels

PSP toxicity levels in Mytilus edulis,
85 provided by the State of New Hamp-
shire, have shown a reasonably consis-
tent seasonal pattern of highest values
occurring during the late spring and
early summer during the preoperational
period (Figure 3.1.2-4)., PSP concen-
trations also show a small peak in tox-
icity levels occurring in August.

In 1991, the State recorded only two
occurrences of PSP levels above the
method detection 1imit of 44 ug/100 gm
mussel tissue and these measured only 45
mg/100 gm (May 2 and 9). Despite these
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TABLE 3.1.2-6. RESULTS OF ANALYSIS OF VARIANCE COMPARING ABUNDANCES
OF THE PHYTOPLANKTON SELECTED SPECIES/PARAMETERS
AMONG STATIONS P2, PS5 AND P7 DURING PREOPERATIONAL
YEARS AND THE OPERATION (1991) PERIOD. SEABROOK
OPERATIONAL REPORT, 1991.

MULTIPLE
SOURCE OF VARIATION  df s F COMPARISONS
CHLOROPHYLL a: P2, PS5, P7 (1987-1989: 1991)2-b.C

Preop-Opd 1 0.3209 5.17 * Op>Preop
Year (preop-gp)e 2 1.6298 13.13 »»»

Month (Year) 44 29.1518 10.68 *»»

Station 2 0.1517 1.22 NS

Preop-Op x Station¥ 2 0.0545 0.44 NS

Error 92 5.7082

SKELETONEMA COSTATUM: P2 VS. P7 (1982-1984, 1991)2.D

Preop-0p9 1 2.26 30.08 **» Op>Preop
Year (Preop- Qp)e 2 6.11 40.65 **x

Month (Year) 44 63.30 19,15 ==»

Station 1 0.02 0.28B NS

Preop-Op x Station? 1 0.27 3.58 NS

Error 46 3.46

SKELETONEMA COSTATUM: P2 VS. P5 (1979-1981: 1991)2.D.€

Preop-0pd 1 1.63 3.18 NS

Year (Preop-gp)e 2 6.89 6.71 »»

Month (Year) 43 167.20 7.57 %x=»

Station 1 1.35% 2.63 NS

Preop-Op x Station® 1 1.77 3.44 NS

Error 45 205.01

bbased on mean of twice-monthly collections Mar-Nov; monthly Dec-Mar

yenrs when these stations were collected concurrently

only includes years when all 12 months were sampled
preoperational versus operational period regardless of station
year, regardless of preop-op

fmonth nested within year regardliess of station

Yinteraction between main effects

NS = not significant (p 20.05)

* = gsignificant (0.05 >p 20.01)

** = highly significant (0.01 2p >0.001)
**+* = yery highly significant (0.001 2p)
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Figure 3.1.2-5. Log (x+1) abundance (no/l) Skeletonema costatum at nearfield Station P2;
monthly means and 95% confidence intervals over all preoperational years
(l:c9‘78-19§,49) and monthly means for 1990 and 1991. Seabrook Operational

port, 1991
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Tow Jevels, New Hampshire's coastal
shellfish beds were closed on June 14
due to high PSP readings reported in
shellfish from Maine and Massachusetts
at that time. The coastal shellfish
beds were reopened to recreational tak-
ings on September &, 1991,

The occurrence of PSP toxicity in this
portion of the Gulf of Maine was first
documented in 1972 (NAI 1985b). possibly
the result of the transport of the PSP-
producing dinoflagelilate Alexandrium
tamarense (formerly called Gonyaulax
sp.). from the Bay of Fundy following
Hurricane Carrie. With few exceptions,
PSP has been recorded seasonally in this
region of the western Gulf of Maine ever
since, although not always at toxic
levels. It is currently thought that A.
teamarense blooms are transported to this
region on coastally-trapped buoyant
plumes derived from the Androscoggin
and/or Kennebec River (Mzine) outflows
{(Franks and Anderson, 1992a). This
theory is consistent with the generally
observed north-to-south seasonal pro-
gression of occurrence of this dinofla-
gellate and the PSP levels (Franks and
Anderson 1992b). Local sources of dino-
flagellates msy a1so contribute to the
blooms as well. However, there have not
been PSP "outbreaks" associated solely
with this segment of the New Hampshire
coast nor have closings in New Hampshire
been conducted independent of larger
regional (Southern Maine and Massachu-
setts) closings. Consistent, historical
PSP occurrences since 1972, coupled with
current theories of PSP bloom sources in
the southwestern Gulf of Maine would
indicate that the operation of Seabrook
Station could have no effect on this
problem. The Tow PSP levels in New
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Hampshire in 1992 would further corrobo-
rate this conclusion.

3.1.2.2 Selected Species

Skeletonema costatum was chosen as a
selected species because of its historic
omnipresence and overwhelming dominance
during much of the year. During the
preoperational period, abundances were
slightly bimodal in nature., wusually
showing a smaller peak in the spring
(varying from year-to-year from February
to May) and a larger pesk in the late
summer or fall (varying from August to
October). This pattern was somewhat
different in 1990 and 1991 (Figure
3.1.2-5) when the spring peaks were
larger and later than typical. The fall
peaks were consistent with earlier ob-
servations. Skeletonema costatum abun-
dances were tested wit' ANOVA to evalu-
ate spatial and temporal trends.

During the period when nearfield Sta-
tion P2 and farfield Station P7 were
sampled for 12 months concurrently
(1982-2984; 1991), significant differ-
ences in Skeletonema costatum abundances
were shown to exist between the preoper-
ational years and 1991 (Preop-Op). among
years (Year), and among months {(Month
(Year)) (Table 3.1.2-6). These latter
two variabies are not particulariy im-
portant in determining impact. No sig-
nificant differences in abundances were
found among stations and the relation-
ship among stations in terms of abun-
dance of S. costatum did not vary be-
tween preoperational years and 1991
(Table 3.1.2-6, Preop-Op X Station).
Thus, aithough 1991 abundances of S,
costatum were higher than the 1982-1984
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period, these differences were consis-
tent area wide. Similariy, nearfield
Station (P2, P5) differences were also
tested (in this case for the 1979-1981;
1991 period) (Table 3.1.2-6). Skele-
tonema costatum abundances within the
nearfield zone have been statistically
similar, both in 1991 and in the pre-
operational period sampled.

3.1.2.3

Effects of Plant Operation

The phytoplankton community has been
studied to determine if the thermal
plume has caused detectable changes in
the community Structure or abundance
within the nearfield study area. Lack
of detectable impacts form plant opera-
tion (primarily from the plume in the
near-surface waters) is implied if oper-
ational collections are similar to pre-
operational collections or if not, near-
fielid/farfield coilections are similar.

An examination of the phytoplankton
210um did not indicate any deleterious
piume effects when comparing preopera-
tional periods (1978-1984) with the
operational period (August 1990-December
191) in the nearfield; monthly mean
abundances were similar, Spatial trends
weie examined for the top 19 species
dominating the community structure in
1991 and nr significant nearfield-far-
field differences were found, further
indicating no plant impacts to this
group of phytoplankton. A statistical
examination of total phytoplankton bio-
mass (chlorophyll a) over the 1987-1991
period reinforced this lack of spatial
differences. Although statistical tests
showed chlorophyll a values in 1991 to
be higher than the 1987-1985 preopera-
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tional period, this trend was consistent
among stations. Chlorophyll a values in
1991 were within the range observed
across the entire preoperational period
at Station P2 (1978-1989).

Diatoms dominated the phytoplankton

(210 um) group both preoperationally and
in 1991, indicating a generally un-
changed community structure. The domi-
nant diatom taxon, Skeletonema costatum,
exhibited similar abundance patterns at
nearfield Station P2 and farfield Sta-
tion P7 when both were sampled (1982-
1984, 1991). Thus, since abundances of
S. costatum were statistically higher in
the 1391 operation period compared with
the 1982-1984 preoperational period at
both nearfield and farfield stations,
this difference appears to be due to
natural year-to-year variability and not
related to operation of the plant.
Nuisance algae were also monitored by
examining long-term trends in PSP values
in mussels in Hampton Harbor. Due to
the low occurrences of PSP in New Hamp-
shire in 1990 and 1991, combined with
the current theories on more northerly
sources of toxic dinoflagellates to this
portion of the Gulf of Maine, increases
to these nuisance phytoplankton from
plant-induced effects were clearly not
implicated during this period.

This study has reported steady in-
creases in total abundances of the
ultraplankton group, from an annual
average of 60 cells/liter in 1975 to
sbout 4 x 105 cells/liter in 1991.
Abundances in this study are similar to
levels reported recently by other Gulf
of Maine researchers. Furthermore,
farfield ultraplankton abundances were
similar to those in the nearfield, rein-
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forcing the fact that these abundances

are an area-wide occurrence. This re-
gional distribution, coupled with the
improved methodology, which enabied

more-accurate enumeration of ultraplank-
ton, suygests that there has been no
plant-induced effect on the vltraplank-
ton.

3.1.3 Microzooplankton
3.1.3.1 Total Community

Temporal Characteristics

Temporal variability in species abun-
dances and taxonomic composition of the
nearshore microzooplankton community
(surface and bottom samples averaged) at
Station P2 for all preoperational (1978-
1984 and 19B6) and operational (1990 and
1991) collections was examined using
numerical classification. Collections
were grouped into six major groups that
corresponded with the annual seasonal
¢ycle and two sdditional smaller groups
{(one collection date was ungrouped,
Figure 3.1.3-1). The major seasonal
patterns in the microzooplankton commu-
nity structure were largely delineated
by changes in both total abundance and
the dominance structure of numerically
important taxa. Lifestages of the cope-
pods QOithona sp. and Pseudocalanus sp..
and Pseudocalanus/Calanus nauplii were
the most abundant organisms in virtually
every seasonal group during both pre-
operational and operational periods
(Table 3.1.3-1). Among-year differ-
ences in the dates assigned to cluster
groups 3, 4 and 5 (late winter to early
fall, Figure 3.1.3-1) were more apparent
than for the other seasons because of
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the dominant taxa’'s highly variable
densities. The dominant copepods con-
tinued to maintain moderate populations
throughout the fall and into winter
(Groups 5 and 6, while densities of most
other taxa declined.
1990 and 1991 and small fall clusters
(Groups 7 and 8) did not differ appre-
ciably from the other collection dates
with respect to those taxa that were
numerically important.

Comparison of the specific dates in-
cluded within the major cluster groups
indicated that differences among years
were generally moderate. The most pro-
nounced variation occurred during late
summer and fall of preoperational years
where cluster groups included 2 number
of "outlying collections” (i.e., a col-
lection date separated by more than two
weeks from the rest of the seasonal
group) (Figure 3.1.3-1). Summer tended
to be a period of high abundance and
diversity partly due to recruitment of
meroplankton into the zooplankton commu-
nity. These factors contributed to
variability within each season and among
years. Collections from 1990 and 1991
generally clustered into groups contain-
ing corresponding dates from the pre-
operational period, although some col-
lections from summer/fall 1990 with
lower than typical abundances were iden-
tified as a separate group (Group 7).
With the exception of one collection in
1991, this condition of reduced abun-
dances did not recur. Preoperational
and operational periods were similar in
the rank order of numerically dominant
taxa identified from each cluster group
(Table 3.1.3-1). Differences among
groups, in large measure, were attribut-
ed to seasonal variability in the

The summer/fall-
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TABLE 3.1.3-1. GEOMETRIC MEANS OF MICROZOOPLANKTON ABUNDANCE (NO./n3). 95% CONFIDENCE LIMITS, AND NUMBER OF SAMPLES
FOR DOMINANT TAXA OCCURRING IN SEASONAL CLUSTER GROUPS IDENTIFIED BY NUMERICAL CLASSIFICATION OF
COLLECTIONS AT NEARFIELD STATION P2, 1978 - 1985, JULY - DECEMBER 1986, APRIL - DECEMBER 1990
AND 1991. SEABROOK OPERATIONAL REPORT, 1991.
DOMINANT?® PREOPERATIONAL PERIOD OPERATIONAL PERIOD
GROUP TAXA LCL MEAN uctL N LCL MEAN uctL N
1 Copepoda nauplii 110.2 286 738.2 9 167.3 436 1135.4 3
Winter b Foraminiferida 11.6 77 484 .9 ¥ | 106 5497.3
(0.61/0.57) Oithona sp. 121.9 326 870.3 1030.3 1418 1952.6
Pseudocalanus sp. 68.6 158 360.7 191.9 287 428.6
Pseudocalanus/Calanus nauplii 56.6 161 454 .3 17.4 117 759.7
Tintinnidae 41.6 275 1784.6 % | 39 738.0
2 Cirripedia larvae 35.8 247  1675.7 8 not represented
Winter Copepoda nauplii 127.3 258 522 .4
(0.66/0.64) Microsetella norvegica 45.6 139 417.8
w Oithona sp. 334.5 842 2115.0
S Polychaeta larvae 31.5 162 819.8
W Pseudocalanus sp. 44 |1 142 455.7
Pseudocalanus/Calanus naupiii 259.1 542 1130.7
3 Acartia sp. 50.8 76 114.2 36 34.9 548 8397.1 6
Winter/Spring Copepoda nauplii 700.2 988 1394.9 1047 .4 2358 5309.1
(0.69/0.64) Oithona sp. 942.9 1342 1910.3 2036.2 3484 5959.8
Pseudocalanus sp. 220.1 329 190.8 127.0 293 674.2
Pseudocalanus/Calanus nauplii 520.2 791 1203.4 88.9 398 1775.2
4 Bivalvia veliger larvae 1377.7 2473 4439.8 46 1505 2
Spring/Summer Copepoda nauplii 4189.8 5795 B015.2 6171
(0.66/0.65) Qithona sp. 5299.2 6690 B445.3 - 7562
Pseudocalanus sp. 1218.5 1698 2366.1 1809
Pseudocalanus/Calanus nauplii 1963.7 2687 3677.3 1614
Temora longicornis 159.5 268 450.1 1969
5 Bivalvia veliger larvae 548.0 902 1485.7 31 £725.7 1197 6332.5 7
Summer/Fall Copepoda naupiii 1457.2 2211  3354.8 1614.7 3613 8081.7
(0.71/0.69) Oithona sp. 3955.1 5178 6780.4 4269.3 8049 15175.4
Pseudocalanus sp. 817.6 1245 1896.2 509.1 B80S 1271.3
Pseudocalanus/Calanus nauplii 1365.4 2025 3002.3 264 .4 418 660.7

{continued)
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sabundances of these dominant taxa. Sea-
sonal groups identified by numerical
classification generally encompassed
collection periods with similar tempera-
ture regimes, particulariy with respect
to the depth and intensity of the
thermocline (NA]l 18B5b; NAI 1981b; Fig-

ure 3.1.1-3).

Spatial Patterns of Microzooplankton
Abungances

Spatial variation (i.e., among-sta-
tions differences) in the microzooplank-
ton community sStructure was examined
separately for both the preoperational
and operational periods, with abundances
averaged over depth. Comparison of
total microzooplankton densities from
1982 to 1984 using Wilcoxon's two-sample
test (Sokal and Roh1lf 1969) revealed no
significant differences between Stations
P2 and P7 (NAl 1985b). Although some
numerically dimportant taxa exhibited
large differences in rank order or per-
cent composition between stations, their
individual abundances were also not
significantly different (NAI 198%5bH).

A multivariate analysis of variance
(MANOVA) was performed using the April-
December 1991 abundances of 35 numeri-
cally important taxa from Station PZ,
P5, and P7. Species composition angd
sbundances were not significantly dif-
ferent among these stations (p=0.24), as
was found in 1990 (NA] 1991b).

3.1.3.2  Selected Species

The copepods Pseudocalanus sp. and
Oithong sp. were selected for in-depth

3-3%

analysis in the microzooplankton program
because of their dominant roles in the
community. Their abundance &and low
trophic level make them important mem-
bers of the marine food web. Eurytemora
herdmani has been reported to be an.
abundant coastal copepod in the northern
region of the western Atlantic (Katona
1971) and 2s such, may be particularly
sensitive to perturbations in the local
temperature regime. Lifestages of these
taxa were identified whenever possible
to develop &n understanding of the dy-
namics of population recruitment cycles.
In some cases, however, the 1ikely pres-
ence of congeneric species made it im-
possible to routinely identify all 1life-
stages to species level.

r mor

Earlier studies indicated that furyte-
mora sSp. copepodite and £. herdmani
adult populations in Hampton Harbor and
the nearfield Station P2, wunderwent
similar seasonal cycles, but during the
spring the estuarine population was much
Targer (NAI 1978b, 1979b). These obser-
vations suggest that recruitment to the
coastal population may be supplemented
by the estuarine population. Other
sources of recruitment in the spring
might be maturation of, and subseguent
reproduction of, overwintering copepo-
dites or hatching of diapause (overwint-
ering) eggs.

In 1990, Eurytemora sp. copepodite
d ies did not exhibit the historic
. . mid-summer peak and were well

below 1he preoperational average from
May through August (Figure 3.1.3-2).
However, 2 late fall peak was evident
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copepodites and adults; monthly means and 95% confidence intervals over all
preoperations! years (1978-1984 and 1986) and monthly means for 1990 and
1991 at nearfield Station P2. Seabrook Operational Report, 1991.
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which was slightly higher than the mean
for the preoperational years. Eury-
temora Sp. copepodite densities in 199]
displayed both late spring and fall
peaks that were comparable in magnitude
to preoperational years. The 1991 geo-
metric annual mean for copepodites at
Station P2 was well below the overall
mean for the precperationa) years (Table
3.1.3-2), but was within the range of
mean values for individus! years (NAI
1991b). Results of the two-way ANOVA on
Eurytemora sp. copepodites indicated
that abundances during the operational
period were significantly lower than
" preoperational densities. However, this
was an area-wide pattern, as findicated
by the lack of significance in the Ares

{i.e., nearfield versus farfield) and
interaction (Preop-0Op) terms (Table
3.1.3-3).

Temporal changes in the abundance of
E. heramani adults followed the same
general seasonal trend in 1990 and 19%1
as during preoperational years, but
continued to exhibit the high veriabili-
ty observed in the preoperationsl period
(Figure 3.1.3-2). Annual mean abun-
dances of £. herdmani adults in 1991 at
Stations PS5 and P7 were comparable in
magnitude to mean densities at Station
PZ (Table 3.1.3-2). Densities of F£.
herdméni adults were not significantly
different between preoperational years
and operational years, nor were differ-
ences detected between nearfield and
farfield areas (Table 3.1.3-3), indicat-
ing that there was no relationship with
the operating status of Seabrook Sta-
tion.

a2

-37

Pseudocalanus sSp.

Historically, Pseudocalanus/Calanus
sp. nauplii were present year-round at
Station P2 (Figure 3.1.3-2), and were

among the numerically dominant taxa-

comprising the microzooplankton communi -
ty in most seasons (Table 3.1.3-1).
Seasonal peak abundance was attained
during mid-summer during both preopera-
tional years and 1990, while the highest
densities in 1991 were observed in the
spring. Annual mean densities for the
operational period were significantly
lower than the overall preoperational
mean (Table 3.1.3-3). These differences
were apparent in both nearfield and
farfield areas as indicated by lack of
significance in the Preop x Aread inter-
gction term, and, therefore were not
related to operation of Seabrook Sta-
tion.

Pseudocalanus sp. copepodites and
gdults were also present throughout the
year during the preoperational per;od
with peak abundances occurring in either
spring or mid-summer (Figure 3.1.3-2).
The annual mean densities of both cope-
podites and adults during the operation-
31 period were significantly lower than
the overall preoperational mean (Table
3.1.3-3). As with Pseudocalanus/Calanus
sp. nauplii, however, these differences
in abundance were reflected in both
nearfield and farfield areas.

Qithona sp.

A1 Qithona sp. lifestages were pres-
ent year-round and comprised one of the
most abundant microzooplankton taxa



TABLE 3.1.3-2. GEOMETRIC MEANS (NO/m>) AND 95% CONFIDENCE LIMITS FOR PREOPERATIONAL YEARS AND MEANS
FOR OPERATIONAL YEARS OF SELECTED MICROZOOPLANKTON SPECIES AT STATIONS P2, P5, AND
P7 (APRIL-DECEMBER). SEABROOK OPERATIONAL REPORT, 1991.

PREOPERATIONAL YEARS? OPERATIONAL VEARSb
SPECIES/LIFESTAGE STATION LcL MEAN ucL 1991
Eurytemora sp. o4 5.6 12 25.9 4
copepodites P5 e == B 3
p7 <0.1 10 145.0 5
Eurytemora herdmani P2 2.4 5 10.4 4
adults P5 - - b 2
P7 0.1 7 62.6 6
Pseudocalanus/Calanus p2 759.0 1013 1352.9 271
5p. nauplii P5 - = & = Z214
P7 291.5 792 2150.0 239
w Pseudocalanus sp. P2 310.3 45?7 659.2 368
w copepodites P5 &5 ‘> e 319
® P7 111.7 392 1371.5 403
Pseudocalanus sp. P2 42.5 67 104.3 45
aduits P5 .3 e & 3 39
P7 16.9 68 263 72
Oithona sp. p2 534.6 930 1559.2 1410
naupliii P5 .- - -~ 1455
P7 117.7 666 3749 .4 1565
Cithona sp. p2 450.3 785 1368.8 1379
copepodites PS5 .= == - 1532
P7 39.3 496 6125.3 1302
Oithona sp. Pz 121.7 194 308.0 277
adults P5 - - - = 222
P7 15.3 173 1862.4 253

gPreoperationaI years: P2 = 1978-1984, P5 = not sampled, P7 = 1982-1984
1990 not sampled during January through March; annual x not calculated
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TABLE 3.1.3-3. RESULTS OF THE TWO-WAY ANALYSIS OF VARIANCE OF LOG (X+1) TRANSFORMED DENSITY (NO/m>)
OF SELECTED MICROZOOPLANKTON SPECIES AMONG PREOPERATIONAL YEARS (1982-1984) AND
gzgsa;IO?sleEARS (1991) AND AREA (NEARFIELD VS. FARFIELD). SEABROOK OPERATIONAL

SPECIES/ SOURCE OF
LIFESTAGE VARIATION? df SS F MULTIPLE COMPARISONS
Eurytemora sp. Preop-0p 1 2.63 5.95% Preop>0p
copepodite Year (Preop-0p) 2 13.73 15.54%%*
Month (Year) 44 B3.64 S
Area 1 0.48 1.09 NS
Preop-0Op X Area 1 <0.01 0.02 NS
Error 139 61.39
Eurytemora herdmani Preop-0Op 1 0.98 2.44 NS
adult Year {(Preop-0p) 2 10.37 12 .87 %%*
Month (Year) 44 83.51 §,7]%%
Area 1 1.46 3.62 NS
Preop-0Op X Area 1 0.18 0.44 NS
Error 139 55.99
Pseudocalanus/Calanus Preop-0p 1 10.15 57.45***  Preop>0p
sp. nauplii Year (Preop-0Op) 2 2.59 7.34%%+
Month (Year) 44 37.48 4 ,B2*%*x
Area 1 <0.01 0.00 NS
Preop-0Op X Area 1 0.03 0.18 NS
Error 139 24 .56
Pseudocalanus sp. Preop-0p 1 <0.01 0.06 NS
copepodite Year (Preop-0Op) 2 3.56 12 .99ne%
Month (Year) 44 43 .83 4 el
Area 1 0.12 0.87 NS
Preop-0p X Area 1 0.07 0.48 NS
Error 139 19.02
Pseudocalanus sp. Preop-0p 1 0.15 0.80 KS
adult Year (Preop-0p) 2 6.05 1G.70%%+
Month (Year) 44 59.66 7.4B%**
Area 1 0.71 3.92 NS
Preop-0Op X Area 1 8.31 1.70 NS
Error 139 25.19

{continued)
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TABLE 3.1.3-3. (Continued)

1ES/ SOURCE OF
TAGE VARTAT ION

L df SS F MULTIPLE COMPARISONS
Qithona sp. Preop-0p 1 3.43 32.41***  Op>Preop
nauplii Year (Preop-0Op) 2 6.60 3} .33
Month (Year) 44 37.02 7.94%%*
Area 1 0.03 0.24 NS
Preop-0p X Area 1 0.17 1.57 NS
Error 139 14.73
0ithona sp. Preop-0p 1 5.87 54.05***  QOp>Preop
copepodite Year (Preop-0p) 2 10.68 49 124
Month (Year) 44 47 .94 10.03%*+
Area 1 0.14 1.33 NS
Preop-0p X Area 1 0.02 0.14 NS
Error 139 15.11
Qithona sp. Preop-0p 1 0.77 5.91* Op>Preop
adult Year (Preop-0p) 4 10.98 42.09%" =
Month (Year) 44 34.21 5.9
Aces 1 <0.01 0.02 NS
Preop-0p X Area 1 0.04 0.28 NS
Error 139 18.15
NS )

Not Significant (P> 0.05
Significant (0.05 2 P >0.01)
Highl‘ Sv?niftcant (0.01 2 P > 0.001)
Very Highly Significant (P < 0.001)

%preop-0p = pre-operational period vs. operational period, regardless of area
Year (Preop-Op) = year nested within pre-operational and operational periods,
regardless of area
Month (Year) = month nested within year
Area = nearfield vs. farfield stations
Preop-Op X Area = interaction of main effects

- &
*hw

+
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throughout the preoperational period
(Tables 3.1.3-1 and 3.1.3-2). Nauplii
and copepodites occurred at similar

levels of abundance, while adults were
slightly less abundant (Figure 3.1.3-3).

In 1990 and 1991, Oithona sp. nauplii
at Station P2 generally exhibited the
same seasonal pattern of abundance as
during the pre-cperational period (Fig-
ure 3.1.3-3). The annua) geometric mean
for nauplii in 1991 at Station P2 was
slightly lower than the overall preoper-
ational mean but was within the range of
individual mean values recorded during
those years (NA] 1991b;: Table 2.1.3-2).
Oithona sp. copepodites also followed
the same general pattern of seasonal
abundances in 1990 and 1991 that was
evident during the preoperationsl period
(Figure 3.1.3-3). The geometric mean
for copepodites at Station P2 in opera-
tional years was somewhat larger than
the overall mean for the preoperational
period and five of the seven preopera-
tional years (NAI 1681b; Teble 3.1.2-2).
Seasonal abundance of Qithona sp. adults
in 1990 was highly variable, monthly
means exhibiting particularly low values
in August through October (Figure 3.1.3-
3). Densities in 1991 were more similar
to those observed during the preopera-
tiona) period. Geometric mean abundance
for adults at Station P2 in 1991 was
higher than the mean for 211 preopera-
tional years (Table 3.1.3-2) but was
within the range of individual mean
values for those years (NAI 1991b).
Operational densities of Oithona sp.
nauplii, copepodites, and adults were
811 significantly greater than those
observed during the preoperational peri-
od (Table 3.1.3-3). However, the lack
of significance in the spatial (Area)

3-4]

and interaction terms (Preop-0Op x Area)
indicated that this was an area-wide
pattern and could not be related to
plant operation.

3.1.3.3 Effects of Plant Operation

Trends in both the densities and pat-
tern of temporal variation recorded
during operational years (1990 and 1991)
for selected microzooplankton species
were generally similar to overzl) mean
densities and temporal wvariation from
the preoperational period at nearfield
Station P2 (Figures 3.1.3-2 and 3.1.3-3;
Table 3.1.3-2). Although ANOVAs detect-
ed statistically significantly Jlower
operational versus preoperational mean
densities for Furytemora sp. copepodites
and Pseudocalanus sp. lifestages and
significantly higher abundances of
Oithons sp. lifestages during operation
(Table 3.1.3-3, Preop-Op). the lack of
significance in the spatial (Area) and
interaction terms (Preop-Op X Area)
indicated that the temporal differences
observed throughout the study area
{(1.e., at both nearfield and farfield
stations) and therefore could not be
attributed to operation of Seabrook
Station. In summary, plant operation
did not appear to have had a negative
impact on the microzooplankton communi -
iy.

3.1.4 Bivelve Larvse
3.1.8.1 mmunit r r

Patterns of abundance of the bivalve
larvae assemblage were examined using
numerical classification to address the
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Figure 3.1.3-3. Log (x+1) abundance (no/m?) of Qithona sp. nauplii, copepodites and adults;
monthly mcans and 95% confidence intervals over all 1 years
(1978-1984 and 1986) and monthly means for 1990 and 1991 at nearfield Station

P2. Seabrook Operational Report, 1991.
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Figure 3.1.4-1. Dendrogram and seasonal groups formed by numerical classificaton of
bivalve larvae log (x+1) transformed abundances (half monthly means:
noJx_n’)axSubaooki:mke(PZ).dim(PS)mfarﬁeld(PY)mﬁom.
April-October, 1988-1951. Seabrook Operational Report, 1991.
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TABLE 3.1.4-1. GEOMETRIC MEAN ABUNDANCE (No./na). 95% CONFIDENCE LIMITS OF DOMINANT TAXA AND NUMBER OF SAMPLES
OCCURRING IN SEASONAL GROUPS FORMED BY NUMERICAL CLASSIFICATION OF BIVALVE LARVAE COLLECTIONS
AT INTAKE (P2), DISCHARGE (P5) AND FARFIELD (P7) STATIONS, 1988-1991. SEABROOK OPERATIONAL
REPORT, 1991.
GROUP DOMINANT TAXA? PREOPERATIONAL YEARS PERATIONAL YEARSb
n LCL X ucL n LCL X ucL
1 Hiatella sp. 18 38.5 59 89.6 3 16.1 78 359.9
Early spring Mytilus edulis " | 1 1:3 0.1 12 145 .0
(0.59/0.26)
2 Hiagtella sp. 14 1402 .4 2174 3371.3 6 1124.2 1532 2088 .8
Late spring Mytilus edulis 322.3 630 1232.2 7.0 120 1825.5
(0.67/0.57) Mya truncata 175.2 308 541.7 39.7 54 74 .2
3 Mytilus edulis 49 2499 4 4064 6606.5 33 B24.2 1274 1967 .6
Summer/Fall Heteranomia squamula 1410.2 2211 34647 640.8 1018 1602.1
(0.71/0.65) Modiolus modiolus 734.3 1011 1392.0 155.0 277 492 .8
4 Heteranomia squamula 15 127 .4 222 386.9 15 140 .4 226 362.0
Summer/Fall Modiolus modiolus 2.3 49 104.8 3.7 7 11.6
(0.70/0.65 Mytilus edulis 8.6 48 79.9 104.0 193 358.3
Mya arenaria 16.4 30 52.8 4.3 11 25.2
5 Modiolus modiolus 3 12.3 157 1872.9 not
August 1988 Heteranomia squamula 3.0 146 5492.2 represented
(0.75/0.54) Mytilus edulis 5.8 24 88.5

3those taxa contributing 25% of total group abundance in either preoperational or operaticnal period collections
DAugust 1990 - October 1991
Ciwithin-group similarity/between-group similarity)
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to 1988 in this July-August period (NAI
1991b) and so are unlikely to be related
to operation of Seabrook Station. Re-
sults of & two-way MANOVA comparing
station and operationa) condition (1988,
1989 and 1991) indicated that, aithough
1991 differed from 1988 and 1989
(F=45.8, p=0.0001), differences were
consistent among stations (Station X
Preop-Op: F=1.19, p=0.26).

3.1.4,2 Selected Species

Mya arenaria was identified as a se-
lected species because of the interest
in recreational (locally) and commercial
{regionally) harvesting of adults and
the concern that impacts to the larval
population could manifest themselves in
standing stock of harvestable clams.
Mytilus edulis has been the most abun-
dant species encountered in bivalve
larvae investigations, Temporal and
spatial patterns of both species were
examined to evaluate whether there was
evidence of impacts induced by operation
of Seabrook Station.

Mya arenaria

This species 15 discussed in detail in
Section 3.3.7.

Mytilus edulis

As in previous years, Mytilus edulis
larvae reached peak abundances in summer
of 1991 and continued to be relatively
abundant through October when sampling
ceased (Figure 3.1.4-2). M. edulis
abundances were significantly higher in

1991 than in the preoperational years of
1988 and 1989 (Table 3.1.4-2). This may
be related to increased settlement of
mytilids observed in 1990 (NA] 1991b).
Peak 1larval abundances were reached

earlier than previously observed (Figure-

3.1.4-2). The warming trend observed
both locally and regionally (Section
3.1.1) may have been a factor in stimu-
lating spawning. Becsuse higher abun-
dances occurred at all stations (Table
3.1.4-3), the ANOVA found no significant
differences in the Station x Preop-Op
interaction (Table 3.1.4-2), implying
that this change in abundance was not
restricted to the nearfield area.

3.1.4.3 Effects of Plant Operation

The effects of operstion of Seabrook
Station on bivalve larvae are monitored
through entrainment sampling and compar-
isons of both community and population
characteristics over time and space.
The estimated tota) number of larvae
entrained in the cooling water system in
1991 is presented on Table 3.1.4-4. As
in 1990, Mytilus edulis was the most
frequently entrained species, reflecting
its dominance in the nearshore bivalve
larvae assemblage (Table 3.1.4-1).
Hiatella sp. and Heteranomia Ssquamula
were both relatively abundant in the
entrainment collections, as they were in
1990,

Entrainment was highest in June, re-
flecting the natura]l peak in bivalve
larval abundance observed nearshore.
Entrainment appeared to be substantially
Tower in July 1991 than 1990 (NAI
1991b), primariiy due to lower entrain-
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Figure 3.1.4-2. Weekly mean log (x+1) abundance (nc/m?) of Myailus edulis larvae during
preoperational years (1978-1989, including 95% confidence intervals), and
weekly means in 1990 and 1991 at nearfield Station P2. Seabrook Operational

Report, 1991.

TABLE 3.1.4.2. RESULTS OF ANALYSIS OF VARIANCE COMPARING INTAKE (P2),
DISCHARGE (PS) AND FARFIELD (P7) WEEKLY ABUNDANCES OF
MYTILUS EDULIS DURING PREOPERATIONAL (1988-1989) AND
OPERATIONAL (1991) PERIODS. SEABROOK OPERATIONAL

REPORT, 1991.

SOURCE OF MULTIPLE

VARIATION df SS F COMPARISONS
Preop-Op 1 2.60 23 ag™™ Op > Preop
Station 2 005 0.23 NS
Year (Preop-Op) 1 22 80 206.20""
Week (Year) 72 340 39 43 89"
Station x Precp-Op 2 0.2¢4 1.08 NS
Error 146 16.14

TABLE 3.1.4-3. ANNUALIZED GEOMETRIC MEAN ABUNDANCE (No./m?) AND UPPER
AND LOWER 95% CONFIDENCE LIMITS OF MYTILUS EDULIS LARVAE
AT STATIONS P2, PS AND P7 DURING PREOPERATIONAL YEARS AND
GEOMETRIC MEAN ABUNDANCE IN 1990 AND 1991. SEABROOK

OPERATIONAL REPORT, 1991.
PREOPERATIONAL YEARS | OPERATIONAL YEARS
STATION YEARS LcL ¥ ucL 1990 1991
P2 19821089 1536 22¢ 278 | 642 274
Ps 1988- 1989 7%6 168 ase7 | 365 206
P? 1982-1984 1476 242 266 317 260
1986- 1989 !
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TABLE 3.1.4-4, ESTIMATED NUMBER OF BIVALVE LARVAE (billions/month) ENTRAINED BY
THE COOLING WATER SYSTEM AT SEABROOK STATION DURING APRIL THROUGH
AUGUST 1991. SEABROOK OPERATIONAL REPORT, 1981.

SPECIES APRE MAY JUN JuL AugP
Mytilus edulis <0.1 153.3 858.9 661.9 13.3
Modiolus mediolus <0.1 0.3 110.3 45.1 0.4
Placopecten magellanicus 0 0.2 0.5 0 0
Heteranomia squamula 0 2.8 55.0 182.2 10.8
Spisula solidissima 0 0 2.9 1.4 <0.1
Mya arenaria 0 0 0.5 » 0
Mya truncata 0 1.2 5.1 0.2 0
Hiatella sp. 0.1 93.9 243.7 113.1 0.5
Macoma balthica <0.1 0 1.1 0 0
Bivalvia <0.1 2.2 18.9 15.5 0.3
Teredo navalis 0 2.8 11.6 1.2 0.3
Solenidae

TOTAL <0.1 256.7 1308.5 1024.7 25.6

8represents lask week of April only

represents first week of August only. Plant shut down for maintenance through
September 1991. Entrainment sampling not resumed.
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ment of Mytilus edulis, Hiatella sp. and
Heteranomia sQuamula.

Entrainment of bivalve larvae in Sea-
brook Station has not caused discernible
changes in the nearshore assemblage
(Section 3,1.4.1). Although community
structure differed between 1991 and the
two most recent preoperational years
(1988, 1989), differences were apparent
in a1l stations, including farfield
Station P7. When compared to the entire
preoperational period (1982-198%) at
Station P2 (NAI 1991b), seasonal pattern
of community sStructure in 1991 fell
within the range of previous observa-
tions.

Abundances and seasonality of Mytilus
edulis larvae were similar in nearfield
and farfield areas in 1951. Increased
abundances in 1891 may be related to
elevated early spring temperatures, and
the increased settlement of Mytilids
gbserved in 1990 (NAI 19891b). However,
the warming of nearshore waters is 8
widespread regional phenomenon {(Section
3.1.1) and is not attributable to the
operation of Seabrook Station.

3.1.% Macrozooplankton
3.1.5.1 muni tr r

The macrozooplankton community is com-
prised of numerous species that exhibit
three basic 1ife history strategies.
The holoplankton species, e.g. copepods,
are planktonic essentially throughout
their entire 1ife cycle. Meroplankton
includes species that spend a distinct
portion of their 1life cycle in the
plankton, e.g. larvae of benthic inver-

tebrates. Species that alternate be-
tween association with the substrate and
rising into the water column on a regu-
lar basis are called tychoplankton, e.g.
mysids.

Historical analysis (1978-1984 and
1986-1989) of the macrozooplankton as-
semblage at the nearfield Station P2
showed seasonal changes that were great-
1y influenced by the population dynamics
of the dominant copepods Centropages
tyvpicus and Calanus finmarchicus (NA]
1990b). Other taxa, particularly mero-
planktonic species, exerted short-term
influences, especially during the spring
and summer (NAI 1985b). Because of
their lower abundances, seasonal pat-
terns of tychoplanktonic species, e.g9.,
mysids, amphipods and cumaceans, were
not well documented by numerical classi-
fication of the entire macrozooplankton
assemblage. To identify seasona) pat-
terns more clearly, the tychoplankton
assemblage was analyzed separately from
the mero- and holoplankton.

atial and Temporal P rns_of th
Holo- and Meropiankton Assemblage

In previous years, spatial and tempo-
rgl trends were evaluated separately.
Because it has been well documented that
patterns of abundance and dominance in
the holo- and meroplankton assemblage
were predominantly seasonally-
influenced, the two questions were ad-
dressed simultaneously. Monthly mean
sbundances of holo- ard meroplankton at
Stations P2, P5 and P7 were examined
from 1988 through 1991 using numerical
classification eand multivariate analysis
of wvariance techniques 1to evaluate
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whether there were differences among
stations or between the preoperational
and operational periods.

The strong seasonality previously
observed was again evident when 1881
data were included (Figure 3.1.5-1).
Winter Group 1 was dominated by copepods
and oceanic species such as Sagitta
elegans and Oikopleura sp. (Table 3.1.5-
1). Barnacie (Cirripedia) larvae were
abundant in late winter (Groups 2 and
3}, Generally spring (Group 4) and
summer (Group 5) were characterized by
relatively high abundances of numerous
taxa, particularly copepods and decapod
larvae. Summer Group 6, however, in-
cluded only six preoperational collec-
tions with few abundant taxa. During
this transitional period, abundances of
decapod larvae declined while Centrops-
ges typicus reached its annual peak.
Copepods of the genus (Centropages ¢ -
nated fall collections (Groups 7 and o).
The seasonal shifts in dominance ob-
served among the copepods Calanus fin-
marchicus, Centropages typicus and, to @
lesser degree, Pseudocalanus sp. were
consistent with observations for the
Gulf of Maine in genera) (Sherman et al.
1988).

Previous analyses have suggested that
there are no spatial differences in
holo- and meroplanktonic assemblages in
the study area (NAI 1991b). The geogra-
phy of coastal New England helps to
create the hydrographic conditions of
the Gulf of Maine. There are no major
land barriers between the Bay of Fundy
and Cape Cod that would divert coastal
currents offshore, although several
embayments can affect local conditions.
This condition promotes a3 circulation
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pattern that allows widespread dispersal
of planktonic organisms, particularly
holopliankton and those meroplanktonic
species with extended larval existence.
The distances among Stations P2, P5 and
P7 are small relative to the area from
which holo- and meroplanktonic organisms
could be recruited (via current trans-
port) to coastal New Hampshire.

Numerical classification of hplo- and
meroplanktonic abundances in 1988-1991
revealed no spatial differences among
Stations P2, P5 and P7 (Figure 3.1.5-1).
Collections from all stations were
grouped together within each month,
This conclusion was further supported by
MANOVA comparing species abundances at
these stations (p=0.42).

Species composition of hole- and mero-
planktonic components of the macrozoo-
plankton assemblage was similar during
the operation of Seasbrook Station to the
preoperational period examined. Collec-
tions from each month in the operational
period (August 1990 through December
1991) were grouped with collections from
the same month in the preoperational
period (Figure 3.1.5-1). Geometric mean
abundances of dominant taxa were gener-
21ly higher in the operational year of
1991 than in the preoperational years
period of 198BB-1989 (MANOVA testing
operational status; p=0.0001; note, 1990
exciuded from testing due to mid-year
startup of plant). Of the 14 taxa anc
lifestages that dominanted the holo-
meroplankton during various parts of the
annual cycle, nine (Temora longicornis,
Centropages typicus, Oikopleura sp.,
Cirripedia, Calanus finmarchicus, Cancer
sp.., Meganyctiphanes norvegica, Pedon
sp. and Centropages sp. copepodites)
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Figure 3.1.5-1. Dendrogram and seasonal groups formed by numerical classification
of monthly mean log (x+1) transformed abundances (no./1000 m?) of

holo- and meroplanktonic species of macrozooplankton at intake
Station P2, discharge Station PS and farfield Stanon P7, 1988-1991.
Seabrook Operational Report, 1991.
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TABLE 3.1.5-1.

GEOMETRIC MEAN ABUNDANCE (No.11000l3) AND 95% CONFIDENCE LIMITS OF DOMINANT HOLO- AND

MEROPLANKTONIC TAXA OCCURRING IN SEASONAL GROUPS FORMED BY NUMERICAL CLASSIFICATION OF
MACROZOOPLANKTON COLLECTIONS (MONTHLY MEANS) AT INTAKE STATION P2, DISCHARGE STATION PS5
SEABROOK OPERATIONAL REPORT, 1991.

AND FARFIELD STATION P7, 1988-1991.

PREOPERATIONAL YEARS®

OPERATIONAL YEARSP

GROUP DOMINANT SPECIES?
n LCL X ucL LCL 51 ucL
1 Temora longicornis 21 4399.2 7240 11914.8 326.1 737 1666 .2
Winter Sagitta elegans 1229.3 2290 4266.7 471.1 892 1686 .8
(0.66/0.60)C Centropages typicus 602.5 1782 5263.8 1511.4 4861 15630.7
Pseudocalanus sp. 892.9 1582 2803.1 47.2 109 250.6
Oikopleura sp. 432.0 1075 2576.2 172.7 529 1617.8
Centropages hamatus 348 .4 891 2278.2 6.9 34 152.0
2 Cirripedia 15 163492 54156 179381.1 36251.5 143206 565705.5
Late Winter Calanus finmarchicus 3479.8 7681 16953.0 408.8 4169 42431 .4
(0.70/0.63) Oikopleura sp. 701.3 3342 15906.2 17085." 33929 67375.2
Evadne sp. 906.4 2881 9155.7 3408.5 11169 36594 6
3 Calanus finmarchicus 6 5132.3 11713 26729.6 not represented
Late Winter Cirripedia 2218.0 10596 50604 .4
(0.69/0.63)
4 Calanus finmarchicus 21 47593.3 74413 116345.2 62282.3 B9177 127686.1
Spring Temora longicornis 10656.0 17203 2770.6 5509.6 17421 55079.5
(0.74/0.72) Evadne sp. 6536.6 14291 31244 .5 2505.8 14688 B6067.1
fualus pusiolus 6405.1 10474 17126 .0 2750.4 5028 9132.3
Cancer sp. 3620.5 6260 10824 .6 11178.5 24559 53953.3
Meganyctiphanes 502.1 2540 12836.2 6699.23 21873 71406 .6
norvegica
Centropages typicus 2i:1 114 595.3 3910.2 18741 89805.2
Podon sp. 2717.5 5435 10870.9 5997.2 15412 39606 .4

{continued)



TABLE 3.1.5-1.

(Continued)

GROUP DOMINANT SPECIES? PREOPERATIONAL VEAR;b OPERATIONAL YEARSb
LCL X ucL n LCL X ucL
5 Calanus finmarchicus 97154.0 199016 407673.3 9 23987.9 64093 171245.9
Summer Cancer sp. 39549.3 111324  313354.6 41703.6 71704 123286.4
(0.75/0.72) Eualus pusiolus 10358.8 35392 120913.3 3978.4 13091 43070.7
Meganyctiphanes 8686.9 29895 102876.8 2038.3 5891 17024 .4
norvegica
Centropages typicus 4565.5 17550 67454 .0 80466.3 124219 191761.3
w Temora longicornis 3232.7 9815 29793.2 11322.0 18185 29206.2
b 6 Centropages typicus 71764 .4 269122 1009219.9 not represented
Summer Calanus finmarchicus 11930.3 34422 99313.5
(0.75/0.66)
7 Centropages typicus 46345.2 88739 169909.5 12 152363.6 344797 780270.6
Fall Centropages sp. 3986.1 7877 15565.8 1956.1 7247 26839.1
(0.74/0.70) Podon sp. 1382.9 4153 12465.3 16735.7 30342 55010.0
8 Centropages typicus 22645.6 75753 253396.9 6 8252.0 75150 6B4322.7
Fall Centropages hamatus 4144.0 10822 28260.1 351.7 792 1783.9
(0.71/0.70) Centropages sp. 2483.7 B460 28814.2 640 .4 5568 48344 .0

3those taxa contributing 25% of total group abundance in either preoperational or operational periods
bPreoperationaI period = Jan 1988-Jul 1990; Operational period = Aug 1990-Dec 1991
C(within-group similarity/between-group similarity)
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reached higher abundances in 1991 than
in the recent preoperational period.
Calanus finmarchicus was reported to
have increased in the Northwest Atlantic
in 1990 (Sherman 1951). Only Centro-
pages hamatus declined 1in abundance.
Sagitta elegans, Pseudocalanus $p.,
Evadne sp. and Euwalus pusiolus were
similar in abundance between the two
time periods. Differences in abundances
between preoperational (1988-1989) and
operational (1991) periods were consis-
tent among stations (p=0.36), however,
indicating that broadscale events beyond
the influence of Seabrook Station’s
intake and discharge structures have
occurred.

Spatial and Temporal Pat* 'rns of the
Tychoplank Assemb]

Abundances of tychoplanktonic species
tended to vary over only one-two orders
of magnitude; four taxa (amphipods Pon-
togeneia inermis and Oedicerotidae;
cumacean Diastylis sp.:; mysid Neomysis
americana) were usually among the domi-
nants (Table 3.1.5-2). Seasonality of
tychoplankton species assemblage is less
clearly defined by numerical classifica-
tion than are seasonal patterns of the
holo- and meroplankton assemblage. In
general, within-group similarities are
lower and between-group differences are
smaller for tychoplankton groups (Figure
3.1.5.2; Table 3.1.5-2) than for holo-
and meroplankton groups, 85 noted in NAI
(1991b). Apparent seasonal patterns
likely reflect 2 combination of factors:
intermittent swimming activity, recruit-
ment «f new individuals and sampling
bias introduced by use of obligue tows
that integrated collections over the
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entire water column. Some general ob-
servations can be made, however.

The annual cycle of the tychoplankton
assemblage was characterized by changes
in relative abundance of the four omni--
present taxa as well as two intermittent
dominants (Harpacticoida and Mysis
mixta). Abundances were lowest in win-
ter (primarily February; Groups 1, 2 and
8) although the six dominants were all
present. In the spring, the assemblage
was overwhelmingly dominated by Mysis
mixta, whose abundance was an order of

magnitude higher than other species
during its offshore migration. Summer
collections (Groups 4.5 and 9) were

characterized by varying abundances of
codominant amphipods Pontogeneia inermis
and Oedicerotidae. Peak abundances of
Neomysis americana typified fall and
early winter (Group 6) collections.
Collections from 1991 followed the same
basic pattern observed in recent pre-
operational years (Figure 3.1.5-2: Table
3:8.5-23,

Differences between the nearfield and
farfield areas in tychoplankton assem-
blages from 1988 through 1991 were ap-
parent from numerical classification
(Figure 3.1.5-2). Stations PZ and P5
were usually (B5% of collections)
grouped together. Station P7 exhibited
generally similar seasonal patterns to
Stations P2 and P5, but lower abundances
of dominant taxa (Table 3.1.5-2) resul-
ted in most collections from P7 (60%)
being classified in separate groups
(Groups 7-10). Results of numerical
classification were substantiated by
MANOVA which indicated that there were
significant differences among stations
in species composition (p=0.0001).
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TABLE 3.1.5-2. (Continued)

GROUP DOMINANT SPECTES? PREOPERATIONAL YEARSP OPERATIONAL YEARSP
n LeL 54 ucL n LEL 5 ucL
7 Neomysis americana 13 184 .3 336 612.3 4 263.6 528 1056.0
P7
(0.53/0.49)
8 Pontogeneia inermis 2 38 1 18
Spring, P7 Mysis mixta 9 21
; (0.58/0.44) Diastylis sp. 6 4
| Harpacticoida 6 5
Ischyrocerus anquipes 3 0
Pseudoieptocuma minor 1 16
w Neomysis americana 1 10
& 9 Harpacticoida a 4.0 31 205.5 2 > 9
Summer, P7 Cedicerotidae <0.1 6 61.8 - 76
(0.44/0.38) Pontogeneia inermis <0.1 4 28.3 . 7
Calliopius laeviusculus <0.1 3 14.0 Fd
Neomysis americana <0.1 2 13.8 6
10 Neomysis americana 1 i1 3 <0.1 9 1161.5
Fall, p7 Gammarus lawrencianus 10 - <0.1 1 54.5
(0.34/0.32) Oedicerotidae i <0.1 1 9.4
Diastylis sp. 0 <0.1 4 36.3
Hyperiidae 1 0.1 4 18.1
Erythrops erythropthalma 0 <0.1 2 25.6
Ungrouped Calliopius Taeviusculus 1 10 not represented
(P7) Mancocuma steilifers 1
(-70.0%)

3taxa contributing 25% of total group abundance in either preoperational or operational period
t‘Preooeratiomﬂ period = Jan 1988-Jul 1990; Operational period = Aug 1990-Dec 1991
C(within-group similarity/between-group similarity)
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and adults and Carcinus maenas larvae; monthly means and 95% confidence
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TABLE 3.1.5-3. ANNUAL GEOMETRIC MEAN ABUNDANCE (No./1000 m3) AND UPPER AND LOWER 95% CONFIDENCE
LIMITS OF SELECTED MACROZOOPLANKTON SPECIES AT STATIONS P2, P5, AND P7 DURING
PREOPERATIONAL YEARS (1978-1984 AND 1987-1989) AND GEOMETRIC MEAN ABUNDANCES IN

1990 AND 1991.

SEABROOK OPERATIONAL REPORT, 1991.

SPECIES/LIFESTAGE STATION? PREOPERATIONAL 1990 1991
LCL X ucL b3 ;|
Calanus finmarchicus 4 6,343 8,687 11,897 3,99 8,480
copepodites P5 7.012 9,546 12,994 3,742 8,276
{(January-December) P7 4,255 6,684 10,498 2.862 4,817
Calanus finmarchicus P2 115 213 392 35 97
adults P5 37 86 201 56 101
(January-December) P7 45 171 636 13 54
Carcinus maenas P2 5.586 8,451 12,785 7.074 15,472
larvae P5 2,076 5.392 14,336 2,245 18,014
(June-September) p7 4,625 8,001 13,842 2,667 12,707
Crangon septemspinosa P2 243 329 444 198 394
zoeae and postlarvae ) 144 229 363 152 353
(January-Uecember) P7 156 264 446 101 314
Neomysis americana P2 160 333 692 973 282
all lifestages P 22 78 268 117 58
(January-December) P7 48 116 281 39 43
dyears sampled: P2 = 1978-1984, 1987-1991
PS5 = 1987-1991
P7 = 1982-1984, 1987-1991
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differ significantly from recent (1987-
1989) preoperational  years (Table
3.1.5-4).

Copepodite abundances were slightly
higher at Station P2 than at P5 and F7
in 1991 (Table 3.1.5-3), although his-
torically abundances were highest at PS5,
However, differences among the threg
stations were not significant (Table
3.1.5-4). Differences in adult abundanc-
es between the three stations were 31so
insignificant. The similarity of
abundances of both Calanus finmarchicus
copepodites and adults at the nearfield
stations in 1991 to preoperational abun-
dances and to farfield abundances ingi-
cates that operation of Seabrook Station
has had no identifiable effect on this
species.

Carcinus maenas

Larvae of the green crab Carcinus
maenas exhibited the same seasonal pat-
tern of abundance &t Station P2 in 1991
as they have historically (Figure
3.1.5-3). Abundances were lowest during
the late fall through early spring (par-
ticularly January through April), and
peaked in June through September. Mon-
thly 1larvsl abundances during 1this
*peak” period in 1991 were similar to
historica)l data. The May 1991 abundance
however, was substantially higher than
the preoperational value, Higher winter
temperatures in 1991 (Figure 3.1.1-1)
may have induced earlier spawning.
Because the occurrence of (. maenas
larvae is largely limited to late spring
and summer, the analysis of variance
(ANOVA) procedure and annual geometric

mean computations were structured to
represent only this peak period.

The ANOVA results, based on recent
preoperational and 1991 operationsl
abundances, indicate that (. maenas
abundance has not varied significantly
among years, between preoperational and
operational pericds or among stations
(Table 3.1.5-4). Annual geometricC mean
abundances (based on al) preoperational
data) for the three stations (Table
3.1.5-3) support the lack of spatial
differences indicated in the ANOVA re-
sults. However, when each station is
examined individually (Table 3.1.5-3),
1991 annual mean abundances were two to
three times higher than the preopera-
tional mean. Overall, spatial and tem-
poral (preoperational versus 1991) dif-
ferences in the abundances of (. maenas
larvae were not significant, suggesting
that operation of Seabrook Station has
had no effect on (. maenas larvae.

Crangon septemspinosa

Larvae and post-larvae Crangon septem-
spinosa are typically most abundant at
Station P2 between June and September;
this was true in 1991 as well, although
abundances in February through May were
higher than preoperational confidence
Timits (Figure 3.1.5-4). In November
and December, abundances were lower than
preoperational confidence 1imits. Mean
annual abundances in 1991 at each sta-
tion were generally similar to preopera-
tiona1 annual abundances (Table 3.1.5-
3). Although np differences were appar-
ent in abundances between 1951 and the
preoperational period, there were sig-
nificant differences among years (Table
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3.1.95%8). Seasonag) differences were
also significant, as were differences
between stations. There was not, howev-
er, 8 significeant change in the rela-
tionship of the abundances at each sta-
tion between the years 1987-1989 and
1991 (Table 3.1.5-4, Preop-Op X Station
term), indicating the operation of Sea-
brook Station has not affected (. sep-
temspinosa abundances.

Neomysis americana

The weak bimodal pattern (based on
long-term average conditions) in the
abundances of Neomysis americana (&all
lifestages) was even less distinct in
1991 (Figure 3.1.5-4) from June through
December. Annual mean abundances based
on all preoperational data at Stations
P2 and P5 were similar in 1991 compared
to the preoperational period, while
abundances at P7 were lower in 1961
compared to the precperational periog
(Table 3.1.5-3). Over all1 three sta-
tions, the annual mean abundance in 1991
was significantly different from that
based on the period 1987-1989 (Table
3.1.5-4), although differences among
individual years were 231so significant.
Spatial differences were apparent in
1991, and have historically been attrib-
uted to substrate differences and the
distances of the stations from Hampton
Harbor,

The seasonal occurrences of individual
N. americana life stages in 1991 were
generally similar to preoperational
patterns (Figure 3.1.5-4). Juveniles
have typically been the most abundant
lifestage in late spring and throughout
the fall; this was true as well in 1991,
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Immature adults have typically been
present throughout the year, but most
abundant in the late fall through the
winter, with a secondary peak in June
and July; this was also observed in
1991.
make up the smallest proportion of the
N. americana population, and are typi-
cally present only from April through
August. These females comprised a rela-
tively large preportion of the popula-
tion during the spring and summer 1in
1991. Adults have typically been pres-
ent from January until October, and have
been the most common l1ifestage in April
and in July and August. Adults
comprised a comparatively large propor-
tion of the population in May of 1991,
and a lesser proportion in January,
March, June and September. In general,
monthly percent composition of each Tife
stage was similar in 1991 to preopera-
tional patterns.

3.1.5.3 ffec f Plan ration
Evaluation of the nearshore popula-
tions of macrozooplankton provides a
measure of the effect of plant opera-
tion. The holo- and meroplanktor commu-
nity exhibited similar patterns in 199}
compared to recent preoperational years
(1988-1989), although abundances tended
t0 be higher in 1991. Community charac-
teristics did not vary among stations in
either time frame, suggesting any tempo-
ral differences were regional and out-
side the influence of Seabrook Station.

The tychoplankton community exhibited
consistent differences among stations
regardless of operational status of the
plant. Spatial differences are likely

Ovigerous and larvigerous females-






FINFISH

ICHTHYOPLANKTON
3.2 FINFISH uses numerical classification, but its

Common names recognized by the Ameri-
can Fisheries Society (Robins et ail.
1991) are used for fish taxa. The com-
mon and scientific names for every taxon
collected from 1975 through 1990 in the
Seabrook ichthyoplankton and adult fin-
fish programs are listed with their
relative abundances by gear type in NAI
(1991b). No species new to the Seabrook
program were encountered during the 1991
surveys.

3.2.:1 ichthyoplankton
3.2.1.1 Community

Many of the dominant ichthyoplankton
eggs collected in this program are dif-
ficult to identify to the species level.
A1l 1arval taxa, however, are identified
to species level. Most of the dominant
pelagic and demersal adult finfish are
collected as larvae in the study ares,
although few are identified in the egg
stage from ichthyopiankton collections.

The nearfield ichthyoplankton communi -
ty has been examined in annual baseline
reports using numerical classification
(NAT 19B2c, 198B3b, 1984b, 1985b) and
discriminant gnalysis (NA] 1987b. 1988b,
1989b, 1990b). Species composition of
both eggs and larvae exhibited distinct
seasonal changes, which were consistent
among years. In the first cperational
report (NAI 1991b), numericzal classifi-
cation (cluster analysis) demonstrated
that the 1990 community followed the
same seasonal patterns observed in pre-
vious years. This year the community
analysis of fish eggs and larvae again
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include a
discharge, and

focus has been expanded to
comparison of intake,
farfield stations.

Eggs

Numerical classification of 195 month-
ly ichthyoplankton samples from three
stations based on abundances of 11 domi-
nant taxa of fish eggs resulited in eight
sample groups (Figure 3.2.1-1). Each
group was characterized by its distinct
species composition and abundances (Ta-
ble 3.2.1-1). The distribution of sam-
ples among the groups indicates the
extent to which any factor in the sam-
pling design corresponds to changes in
the composition of the fish eggs commu-
nity (Figure 3.2.1-1). The time of year
was clearly the only factor that was
related to the changes in species assem-
blages among the groups. Each month's
samples occurred in no more than three
of the nine groups. Conversely, each
sample group consisted only of samples

from & brief season (one to four
months). The other factors investigated
(plant operational status, year, and

station) were unrelated to group assign-
ment. No sampie group had a dispropor-
tionately high number of samples from
the preoperational period, the opera-
tionsl period, any single year, or any
single station.

Samples from different stations col-
lected in the same month tended to occur
in the same sample group, indicating a
high degree of similarity of fish eggs
assemblages among the three stations.
In BBY of the months in the analysis,
collections from a1l three stations were
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TABLE 3.2.1-1. FAUNAL CHARACTERIZATION OF GROUPS FORMED BY NUMERICAL CLASSIFICATION OF SAMPLES OF
FISH EGGS COLLECTED AT SEABROOK INTAKE (P2), DISEHARGE (P5), AND FARFIELD (P7)
STATIONS DURING JULY 1986 THROUGH DECEMBER 1991. SEABROOK OPERATIONAL REPORT, 1991.

NUMBER OF SAMPLES AND DENSITY (EG6GS/1000 m>)d

PREOPERATIONAL PERIOD® OPERATIONAL PERIOD®

GROUP DOMINANT TAXAC N LCL MEAN ucL N LCcL MEAN ucL

1 Late Fall b Atlantic cod/haddock 27 68 90 119 10 36 62 106
(0.73/70.63)

2 Early Winter Atlantic cod/haddock 10 6 8 12 5 5 8 13

(0.69/0.63) pollock 1 3 5 <1 2 6

2 Late Winter Atlantic cod/haddock 15 4 6 8 6 2 6 12

(0.66/0.48) American plaice 1 1 Z 1 2 6

4 Early Spring American plaice 15 22 38 64 3 4] 54 72

(0.59/0.35) Atlantic cod/haddock 7 15 30 11 33 93

fourbeard rockiing 1 8 16 0 <1 2

5 Mid-Spring cunner/yellowtail flounder 12 175 293 488 3 576 1,160 2,340

(0.76/0.53) fourbeard rockling 77 235 715 17 36 525

American plaice 54 73 97 95 111 130

Atlantic mackerel 18 37 77 30 401 5,220

6 Late Spring/ cunner/yellowtail flounder 24 6,190 10,200 16,900 6 7,890 17,500 38,900

Early Summer  hake/fourbeard rockling 189 460 1,110 134 292 634
(0.71/70.64)

7 Summer hake 30 163 243 361 12 153 354 815

(0.68/0.64) hake/fourbeard rockling 123 205 344 122 226 4?22

cunner/yellowtail flounder 4] 129 401 18 85 389

windowpane 43 77 134 101 158 248

8 Early Fall Atlantic cod/haddock 9 10 il 39 6 1 6 23

(0.67/0.42) hake/fourbeard rockling 4 10 25 2 7 25

hake 6 10 17 2 4 10

Atlantic whiting 5 8 12 4 10 21

fourbeard rockling 1 4 10 <1 1 1

drach "sample” consisted of the average of tows within date and dates within month,

b(Hithin group/between group similarity)

“Those whose preoperational geometric mean densities together accounted for 290% of the sum of the
preoperational geometric mean densities of all taxa within the group.

dGeometric mean and lower (LCL) and upper (UCL) 95% confidence limits,

®preoperational = July 1986 - July 1990; Operational = August 1990 - December 1991,
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Larvae

Eight sample groups were identified
i v numerical classification of 198
monthly dichthyoplankton samples from
three stations on the basis of abundan-
ces of 22 dominant taxa of fish larvae
(Figure 3.2.1-2). Each sample group was
characterized by 2 unique set of domi-
nant species and their abundances (Table
3.2.1-2). The limited nuider of months
represented in each sample group (no
more than three) shows that the groups
reflect highly consistent seasonal as-
semblages (Figure 3.2.1-2). In con-
trast, there was no tendency for samples
to group selectively according to plant
operational status, year, or station.
Each sample group contained a represen-
tative selection cof samples from both
preoperationi]l and operational periods,
samples from several different years,
and samples from all three stations.

In 97.02 of the months analyzed, al)
three stations were classified into the
same sample group (Figure 3.2.1-2). 1In
42.4% of the months, the three stations
not only fell in the same group, but
they were more closely similar to each
other than to any other samples of their
group. The extremely high similarity of
the larval fish community among stations
is due to the same circumstances dis-
cussed for fish eggs: the high degree
of overlap among the three stations
caused by plank*~n transport over time.

Larval fish assemblages in the opera-
tional period (August 1990 and later)
followed the same seasonal progression
35 in preoperational years (Figure
3.2.1-2)., Slight variations in the
timing of the appearance of the various
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seasonal assembliages oCcurred among
years within the preoperational period,
but the seasonal pattern in the opera-
tional period did not vary at all from
the usual preoperational pattern. The
species composition in the operational-
period was similar to that in the preop-
erational peripd, although average den-
sities were not always similar between
preoperational and operational periods.
For example, Atlantic herring densities
in the late fall (Group 1) decreased
between the preoperational and opera-
tional periods, whereas Atlantic macker-
el densities in early summer (Group 6)
increased between preoperational and
operational perigds. Shifts in the
jarvae community composition such as
this are reflected in 3 significant
operational status effect (p<0.001) in @
MANOVA for this same data set. knen the
operational status vs. station interac-
tion (Preop-Op X Station) is examined,
however, it is clear that any changes
during the operational period were not
limited to the nearfield stations
(p>0.99). This is an indication that
changes 1in Jlarva)l abundances 1in the
operational period were not related to
plant operation, and it is likely that
the significant difference between pre-
operational and operational fish larvae
communities is due to among-year varia-
tion.

3.2.1.2 el Species

Nine species of fish were selected for
dgetailed analyses of within-year and
among-year patterns of larval abundance
because of their numerical dominance or
importance as either & recreational or
commercial species. Although larval
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Figure 3.2.1-2. Dendrogram and temporal/spatial occurrence pattern of fish larvae assemblages

formed by numerical classification of ichthyopiankion

samples (monthly means

of log (x+1) transformed number per 1000 m?) at Seabrook intake (P2), discharge
(PS), and farfield (P7) stations, July 1986-December 1991. Seabrook Operational

Report, 1991.
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TABLE 3.2.1-2. FAUNAL CHARACTERIZATION OF GROUPS FORMED BY NUMERICAL CLASSIFICATION OF SAMPLES OF
FISH LARVAE COLLECTED AT SEABROOK INTAKE (P2), DISCHARGE (P5), AND FARFIELD (P7) STA-
TIONS DURING JULY 1986 THROUGH DECEMBER 1991.2 SEABROOK OPERATIONAL REPORT, 1991.

NUMBER OF SAMPLES AND DENSITY (LARVAE/1000 m?)¢

PREOPERATIONAL PERIOD OPERATIONAL PERIOD

SLE

GROUP DOMINANT TAXA® N LCL  MEAN ucL N LCL  MEAN ucL
Late Fall b Atlantic herring 30 29 50 B4 12 7 15 34
(0.47/0.18)

Early Winter American sand lance 14 12 24 48 3 <1 17 235%
(0.53/0/48) Atlantic herring 2 4 8 0 1 8
gulf snailfish 4 4 6 1 4 8
pollock 1 3 8 <1 3 11
Late Winter American sand lance 22 226 324 463 6 10% 192 350
(0.74/0.62) rock gunnel 23 37 58 7 25 80
Early Spring American sand lance 7 51 80 125 3 39 75 146
(0.68/0.62) Atlantic seasnail 13 23 40 2 4 7
gulf snailfish 7 11 18 2 5 12
grubby 6 11 19 & 6 19
rock gunnel 6 10 17 1 3 7
Mid-Sprin Atlantic seasnail 7 31 87 240 3 3 30 227
(0.60/0.36) winter flounder 6 18 51 1 8 55
radiated shann{ 11 17 26 2 17 106
American sand lance 6 10 17 0 8 150
American plaice 4 7 13 3 10 32
Late Spring/ cunner 30 52 116 254 3 2 43 645
Early Summer fourbeard rockling 32 55 93 30 59 117
(0.57/0.47) radiated shanny 19 29 42 28 43 66
Atlantic mackerel 10 19 36 33 286 2,420
winter flounder 6 11 20 2 6 13
Late Summer cunner 12 69 146 306 12 140 467 1,550
(0.61/0.47) fourbeard rockling 19 51 132 25 38 59
hake 5 8 14 13 42 130
witch flounder 3 7 14 1 Z 4

(continued)
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TABLE 3.2.1-2. (CONTINUED)

NUMBER OF SAMPLES AND DENSITY (LARVAE/1000 md)d

PREOPERATIONAL PERIOD OPERATIONAL PERIOD
GROUP DOMINANT TAXAD N LCL  MEAN ucL N LCL  MEAN ucL
8 Farly Fall vourbeard rockling 15 1 3 5 3 8 19
(0.43/0.31) cunner 1 3 6 0 1 1
windowpane 1 1 2 <1 1 2
Atlantic herring <1 1 2 <1 1 3
hake 1 1 4 1 Z 3
Atlantic whiting <1 1 2 0 1 3
witch flounder <1 | 1 <1 <] 1

gEach "sample® consisted of the average of tows within date and dates within month,
C(Hithin group/between aroup similarity). }
Those whose preoperational geometric mean densities together accounted for 290% of the sum of the
dpreoperational geometric mean densities of all taxa within the group.
eGeometric mean and lower (LCL) and upper (UCL) 95% confidence limits.
Preoperational = July 1986 - July 1990; Operational = August 1990 - December 1991.
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fish were present in every month, each
species exhibited a period of peak abun-
dance of three or four months &nd was
usually absent for part of the year.
These seasonal fluctuations were the
primary reason for the high within-year
variability (NAl 1983b).

Two-way analyses of veriance (ANOVAsS)
were used to test the statistical sig-
nificance of temporal (preoperational
vS. operational) and spatial (intake,
discharge, and farfield stations) dif-
ferences in log (x + 1) transformed
densities. Only collections after the
initiation of sampling at all three
stations (July 1986) were included in
the ANOVAs. The ANOVAs focussed on the
periods of peak abundance for each spe-

cies as identified in the historical
data.
American nd Lance

Historically, American sand lance were
usually present in collections from
December through July, with peak abun-
dances occurring from January through
April (Figure 3.2.1-3). The relatively
long period of occurrence is due primar-
ily to an extended hatching period
(Richards 1982) and a long planktonic
period for the larval stage (Bigelow and
Schroeder 1953). The periods of occur-
rence and peak abundances during the
operational years (1990 and 1991) were
very similar to the preoperationa) peri-
ods, but abundance in 1990 was generally
greater than during the preoperational
period, whereas 1991 abundance was gen-
erally lower than during the preopera-
tional period (Figure 3.2.1-3). Ameri-
can sand lance was the most abundant
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species during the preoperational period
st a1l stations (Table 3.2.1-3). Analy-
sis of variance indicated that there was
no significant relationship between the
abundance of larval sand lance and sam-

pling location (Table 3.2.1-4; Station)-

or operational status (Table 3.2.1-4;
Preop-Op). The main effect interaction
term (Preop-Op X Station) was also not
significant, indicating that there is
not direct effect due to operation of
Seabrook Station.

Winter Flounder

Winter flounder larvee, which were the
fourth-most abundant of the selected
species during the preoperational peri-
od, were usSually present from April
through July, with the greatest abun-
dance occurring in May and June (Figure
3.2:3-3). Very few specimens were
csught between August and March. The
period of occurrence during the opera-
tional years (1990 and 1991) was similar
to the preoperational period, although
the peak in abundance in 1991 was broad-
er than usual, lasting from May through
July (Figure 232.2.1-3). Abundance of
larval winter flounder during the opera-
tional period has been lower than during
the preoperationsl period at all sta-
tions (Table 3.2.1-3). Densities of
winter flounder larvae have been highly
variable from year to year, so the Tower
values during the cperational years are
not necessarily indicative of negative
effects due to Seabrook Station. The
ANOVA results indicated that not only
was preoperational abundance greater
than operational, but abundance at the
nearfield station (P2) exceeded abun-
dance at the farfield station (Table
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Figure 3.2.1-3. Mean monthly 10g (x+l) abundance (no./1000 m3) in preoperational
years (1975-1989, with 95% confidence 1imits), 1990 and 1991 for larvae of American
sand lance, winter flounder, Atlantic cod, and yellowtail flounder at nearfield
Stations P2 and P3. Seabrook Operational Report, 1991.
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TABLE 3.2.1-3. GEOMETRIC MEAN ABUNDANCE (No./1000 m3) AND 95%
CONFIDENCE LIMITS OF SELECTED SPECIES OF FISH
LARVAE AT STATIONS P2, P5, AND P7 OVER PREOPERA-
TIONAL YEARS AND GEOMETRIC MEAN ABUNDANCE IN 19350

AND 1991. SEABROOK OPERATIONAL REPORT, 1981.
OPERATIONAL
PREOPERATIONAL YEARS® YEARS
SPECIES

(peak period) STATION LCL MEAN ucL 1990 1991
American sand lance Pz 106.5 147.9 205.3 163.9 65.7
(Jan-Apr) P5 111.4 178.6 286.2 260.6 125.9
P7 68.1 108.9% 173.8 76.1 71.7

Winter flounder P2 9.7 14.0 19.9 5.6 95
(Apr-Jul) P5 6.7 11.2 18.4 5.5 4.8
P7 6.1 9.8 15.3 1.5 1.6

Atlantic cod P2 1.4 2.0 2.8 0.7 1.8
(Apr-Jul) P5 0.9 1.6 2.6 0.8 1.7
P7 0.6 1.1 1.7 0.2 0.8

Yellowtail flounder P2 2.2 3.1 £.3 0.7 W |
(May-Aug) (4 2.1 3.6 5.9 1.6 1.0
p7 1.9 3.1 4.8 0.6 0.8

Atlantic mackerel P2 4.6 v.3 11.3 5.9 31.7
(May-Aug) PS5 2.5 5.4 10.5 1.5 18.5
P7 3.1 5.9 10.5 5.8 29.2

Cunner P2 32.3 49.6 75.8 274.0 105.9
(Jun-Sep) P5 40.1 74.5 137.5% 181.7 Bl1.4
P7 34.2 61.1 108.6 228.3 140.1

Hake P2 2.5 4.1 6.3 60.9 2.1
(Jul-Sep) P5 1.9 3.4 5.4 33.% 4.9
P7 2.0 3.9 0 | 33.6 11.8

Atlantic herring P2 18.1 26.9 39.6 ol 19.3
(Oct-Dec) 4] 20.0 33.6 56.1 4.7 19.1
p7 1B.6 32.5 56.3 3.2 18.6

Pollock P2 3.9 5.4 7.5 1.0 b
(Nov-Feb) P5 3.2 4.9 7.2 2.0 b
P7 1.6 2.5 3.7 1.0 b

3preoperational years:

P2 = 1975-1689
PS5 = 1975-1981 and 1986-1989
P7 = 1982-1989
(Years in which one or more months of the peak period were not
8t 3 station were not included in the mean)

sampled

bYear1y mean not computed for pollock in 1991 becsuse January and
February 1992 data were not available.
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TABLE 3.2.1-4. RESULTS OF ANALYSIS OF VARIANCE? OF LOG (x+1) TRANSFORMED ABUNDANCES (No./1000 m3) OF
SELECTED SPECIEg OF FISH LARVAE AMONG STATIONS P2, P5, AND P7 DURING PREOPERATIONAL
AND OPERATIONALY PERIODS. SEABROO¥ OPERATIONAL REPORT, 1991.

SOURCE OF MULTIPLE
SPECIES VARIATION df SS F COMPARISONS

(peak period)

American sand lance Preop-0p© d 1 0.58 1.18 NS
(Jan-Apr) Year (Preop~gp) 3 2.65 1.79 NS

Month (Year) 15 61.18 8,27 x**

Station P 2 2.57 2.61 NS

Preop x Station 2 0.77 0.78 NS

Error 172 97 .67
Winter flounder Preop-0p 1 2.96 7.97%* Preop»0p
(Apr-Jun) Year (Preop-0p) 3 4.94 4 44>+

Month (Year) 15 73.57 13.22%%*

Station 2 2.85 3.84* P2 P5 P7

Preop x Station 2 0.34 0.45 NS

Error 172 75.65
Atlantic cod Preop-0p 1 1.75 14 89***  QOp>Preop
(Apr-Jul) Year (Preop-0p) 3 1:15 3.27%

Month (Year) 15 8.89 S .05ury

Station 2 0.46 1.95 NS

Preop x Station Fd 0.11 0.46 NS

Error 161 23.97
Yellowtail founder Preop-0Op 1 1.62 5.18* Preop>0p
{May-Aug) Year (Preop-0Op) 2 3.30 §.27%*

Month (Year) 12 2135 5.68%r*

Station 2 0.05 0.09 NS

Preop x Station 2 0.26 0.42 NS

Error 172 53.87
Atlantic mackerel Preop-0p i 17 .34 21.64***  QOp>Preop
(May-Aug) Year (Precp-0p) Z §5:13 3.20*

Month (Year) 12 136.84 14 .23%%*

Station 2 0.35 0.22 NS

Preop x Station Fd 0.38 0.24 NS

Error 172 137 .84

(continued)
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TABLE 3.2.1-4. (Continued)

SOURCE OF MULTIPLE
SPECIES VARIATION df SS F COMPARISONS
(peak period)

Cunner Preop-Op 1 0.00 0.00 NS
(Jun-Sep) Year (Preop-0Op) 2 8.64 5.85%+

Month (Year) 12 121.06 13.66%**

Station 2 0.69 0.47 NS

Preop x Station 2 0.18 0.12 NS

Error 172 127.03
Hake Preop-0p 1 1.5¢2 3.03 NS
(Jul-Sep) Year (Preop-0p) 3 5.98 3.97%=

Month (Year) 10 27.87 5. 56%x*

Station 2 2.44 2.43 NS

Preop x Station 2 1.58 1.57 NS

Error 161 80.77
Atlantic herring Preop-0p 1 17.96 43 83***  Preop>0p
(Oct-Dec) Year (Preop-0Op) 4 25.43 15.52% %+

Month (Year) 12 53.25 10.83%**

Station - 2 0.58 0.70 NS

Preop x Station 4 0.02 0.02 NS

Error 188 77.01
Poliock Preop-0p 1 1.37 7. 79%* Preop>0p
(Nov-Feb) Year (Preop-0p) 3 12.83 24 . 30***

Month (Year) 15 16.10 6.10%**

Station 2 0.56 1.58 NS

Preop x Station 2 0.03 0.09 NS

Error 210 36.95

gbased on each species’ ggak period as defined in Table 3.2.1-3
Preoperational = July 1986 - July 1990; Operational = August 1990 - December 1991; 1990 data were
not included in the analysis for species where the period of peak abundance includes both July and
August (e.a., yellowtail flounder) )
gpreoperational versus operational period regardless of station
year nested within preoperational and operational periods, regardless of station 1
?month nested within year nested within preoperational and operational periods, regardless of station
interaction between main effects (status and station)

NS = not si?nificant (p>0.05)

* = significant (0.052p>0.01)

** = highly si?nificant (0.012p>0.001)
*** = yery highly significant (p<0.001)
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3.2.1-4). The Preop-Op X Station inter-
action was not significant, however,
indicating that differences among sta-
tions were consistent regardiess of
plant operational status and there was
no direct effect on this species due to
Seabrook Station (Table 3.2.1-4; Preop-
op X Station).

Atlantic Cod

Atlantic cod larvae typically exhibit-
ed 8 bimodal period of occurrence with
one peak lasting from November through
January and a second, usually larger
peak, lasting from April through July
(Figure 3.2.1-3). Monthly abundance of
Jarval Atlantic cod in 1990 was general-
1y lower than the preoperaticnal aver-
age. Monthly abundance in 1991 was
lower than the preoperational period
during much of the year, but was similar
or slightly higher than the preopera-
tional average during May, June, and
November. Analysis of variance indicat-
ed that mean abundance was higher during
operational years but this pattern was
consistent at 811 three stations (Table
3.2.1-4; Preop-Op: Station; Preop-0Op X
Station).

Yellowtail Flounder

Yellowtail flounder larvae were nor-
mally collected from May through Septem-
ber, with peak abundance occurring in
June and July (Figure 3.2.1-3). Monthly
abundance of yellowtail flounder larvae
during the operatiional period has gener-
ally been lower than during the preop-
erational period, particularly in May
and June. Geometric mean abundance

during the periods of peak occurrence
was similar among stations, but was
higher during the preoperational period
(Table 3.2.1-3). Analysis of variance
results supported this finding (Table

3.2.1-4; Preop-Op and Station). The.-

interaction term between Preop-Op and
Station was not significant (Table
3.2.1-4; Preop-Op X Station), indicating
2 broadscale trend not directly related
to operation of Seabrook Station.

Atlantic Mackerel

Atlantic mackerel larvae have histori-
cally exhibited & period of occurrence
lasting from May through Seprember with
greatest densities occurring in July
(Figure 3.2.1-4). The period of occur-
rence has remained similar during the
operational period, although peak densi-
ties in 1991 were substantially higher
than during 1990 or the preoperationa)
mean. The geometric mean abundance of
larval Atlantic mackerel was also sub-
stantially higher during 1991 than dur-
ing 1990 or preoperational years (Table
3.2.1-3). Analysis of variance indicat-
ed that mean abundance was greater dur-
ing operational years than during preop-
erational years (Table 3.2.1-4; Preop-
Op). There was no significant differ-
ence in abundance among the three sta-
tions (Table 3.2.1-4; Station) and the
interaction between Preop-0Op and Station
was also not significant (Table 3.2.1-4:
Preop-Op X Station) indicating & wide-
spread increase in abundance in 1991,
unlikely to be related to operation of
Seabrook Station.
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Atlantic mackerel, cunner, hake, Atlantic herring, and pellock at nearfield
Stations P2 and P3. Seabrook Operational Report, 1991.

(1975-1989, with 95% confidence limits), 1990 and 1991 for larvae of

Figure 3.2.14. Mean monthly log (x+1) abundance (n0./1000 m?) in preoperational years
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Lunner

Cunner larvae have historically been
collected from June through October,
with peak abundance during July and
August (Figure 3.2.1-4). Data from the
operational period generally followed
this same pattern, although the time of
peak occurrence appears to have shifted
to July, August, and September. Al-
though mean abundance at all stations
has been higher during the operational
period than during the preoperational
period (Table 3.2.1-3), ANOVA results
indicated this difference was not sig-
nificant (Table 3.2.1-4; Preop-Op).
There were no significant differences
among stations (Table 3.2.1-4; Station)
and the interaction term between Preop-
Op and Station was not significant (Ta-
ble 3.2.1-4; Preop-Op X Station).

Hake

Historically, hake larvae were con-
fined to a2 relatively brief period of
occurrence, beginning in June or July,
peaking in August and September, then
declining to near zero by November (Fig-
ure 3.2.1-4). Although generally simi-
lar to the historical pattern, the oper-
ational period of occurrence fias been
rather variable over the two years stud-
ied. The timing of the 1990 period of
occurrence was very similar to the his-
torical pattern but abundance was far
greater in 1990 than in previous years.
The 1991 period of peak occurrence was
later than normal (September) and abun-
dance was lower than normal in some
months yet higher in others. The 1990
abundances for hake were excluded from
the ANOVA because the peak period in

1990 included both preoperationa! and
operational months. This explains the
non-significance of the Preop-Op factor
(Table 3.2.1-4) despite the extremely
high hake densities in the summer of
1990 (Table 3.2.1-3). Neither the Sta-
tion term nor the Preop-Op X Station
interaction term was statistically sig-
nificant (Table 3.2.1-4).

A ntic Herrin

Atlantic herring larvae typically
occurred from October through May and
were rare for the remainder of the year
(Figure 2.2.1-4). Peak abundance usual-
1y occurred from October through Decem-
ber but 2 second, smaller peak was com-
monly observed in March. A similar
pattern was also observed during the
operational period, although the timing
of the secondary peak appears to be
variable. Geometric mean abundance was
generally simila~ to the preoperational
period (Table 3.2.1-3). There was @
dramatic difference between mean abun-
dance in 1590 ana tne mean of the preop-
erational period, but 1991 values were
closer to the preoperational average
(Table 3.2.1-3). Preoperational abun-
dances were significantly greater than
operational abundances at all stations
(Table 3.2.1-4; Preop-Op X Station).

Pollock

Pollock larveae also exhibited a fall-
winter pattern of occurrence, but it was
generally briefer than that of herring
larvae. Relatively large densities of
pollock larvae were collected from No-
vember though February and few to none
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were caught from March through October
{Figure 3.2.1-4). However, monthly
pollock catches during the preopera-
tional period were highly variable from
year to year, as evidenced by the broad
confidence 1limits (Figure 3.2.1-4).
Catches of larval pollock were also
somewhat irregular during the operation-
al years, with higher than usual catches
during April and May but lower than
usua) catches in November, December, and
January. Geometric mean abundance in
1960 was lower than the preoperational
mean, but this pattern was consistent
among all stations (Table 3.2.1-3). The
1991 mean abundances are not yet avail-
able because the period of peak abun-
dance extends through the change of
year. Analysis of variance indicated
that the 1990 (operational) abundance
was Tlower than abundance during the
preoperational period (Table 3.2.1-4;
Preop-Op). However, there were no sig-
nificant differences in abundance among
stations (Table 3.2.1-4; Station) or
among stations due to operational status
(Table 3.2.1-4; Preop-Op X Station). so
there is no evidence that operation of
Seabrook Station is affecting abundance
of larval pollock.

3.2.1.3 Effects of Plant Operation
The greatest potential effect of the
operation of Seabrook Station on ich-
thyoplankton is expected to be mortality
of fish eggs and larvae entrained by the
cooling water system., Seabrook's circu-
lating water system was in operation 351
days during 1991. The average flow rate
ranged from 253 million gallons per day
(MGD) in August to 591 MGD in December.
Entrainment samples were collected on 30
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dates in 1991, primarily during January-
July and during December.

Fifteen taxa of fish eggs and 22 taxa
of fish larvae were recorded from en-
trainment samples in 1991. Total en-.
trainment was estimated for both eggs
and larvae for January-July and for
December on the basis of observed densi-
ties in entrainment samples and the
total cooling water flow (Table 3.2.1-
8} Atlantic mackerel and cunner/
yellowtail flounder were the egg taxa
entrained in the greatest numbers during
those months, and the greatest numbers
of larvae entrained were rock gunnel,
American sand lance, and grubby. These
estimates of numbers entrained can be
considered to represent total losses due
to entrainment (assuming the worst case
of 100% mortality of entrained ichthyo-
plankton).

The effect of plant operation (en-
trainment losses plus thermal plume
effects) on coastal ichthyoplankton
populations was evaluated by comparing
preoperational and operational abundanc-
es in the vicinity of the plant (sta-
tions P2 and P5) to abundances at far-
field Station P7. Only if the relation-
ship among stations differed between
preoperational and operational periods
would it be possible to implicate plant
operation in the change. For the fish
eggs community and the fish larvae com-
munity the seasonal assemblages were
highly consistent between preoperational
and operational periods, and the three
stations were very similar n their
species compcsition (Section 3.2.1.1).
Both the eggs community and the larvae
community exhibited preoperational vs.
operational differences in abundances,



TABLE 3.2.1-5. MONTHLY ESTIMATED NUMBERS OF FISH EGGS AND LARVAE
(IN MILLIONS) ENTRAINED BY THE COOLING WATER SYSTEM
DURING JANUARY THROUGH JULY AND DECEMBER 1891.
SEABROOK OPERATIONAL REPORT, 1991.

TAXON JAN FEB MAR  APR  MAY JUN JuL DEC

EGGS
Atlantic mackerel 1.9 55.0 611.0 5.2

Cunner/yellowtail
flounder

Cod/witch flounder
Cunner <
Hake/fourbeard

rockling
American plaice 0.2
Windowpane
Atlantic cod 0.1 0.3
Fourbeard rockling 4 2
Hake 2.
Unidentified 0.7 0.1 0.2 1
Pollock 0.7 0.1 0.2
Atlantic menhaden
Cusk 0.5
Atlantic cod/haddock 0.2
Tautog 0.1 0.1

LARVAE
Rock gunnel 4.

American sand lance 1.
Grubby 0.
Atlantic seasnail

Winter flounder

Atlantic mackerel
Radiated shanny

Gulf snailfish 0.5 0.8
Unidentified

Atlantic cod

American plaice

Longhorn sculpin 0.5
Atlantic herring 0.2
Fourbeard rockling
Snailfish

Yellowtail flounder
Shorthorn sculpin 0.
Wrymouth <0,
Moustache sculpin <0.1 0.1
Alligatorfish 0.1

Lumpfish 0.1

Windowpane <0.1
Cunner , <0.1
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but these changes were the same at near-
field and farfield stations, thus there
is no evidence of any impact from plant
operation.

Although there were significant dif-
ferences between preoperational and
operational abundance for six of the
nine selected species, the interaction
effect (Preop-Op X Station) was non-
significant in a1l cases (Section
3.2.1.2). Therefore, the differences in
abundance corresponding to operational
status were consistent among 311 sta-
tions. Given that the farfield station
is presumed to be beyond the zone of
influence, these results would not be
expected if operation of Seabrook Sta-
tion were affecting larval abundance.

Winter flounder was the only species
that exhibited variable abundance among
stations, with density at the nearfield
station (P2) greater than at the far-
field station (P7). The demersal nature
of the eggs and relatively remote loca-
tion of Station P7 could explain the
observed spatial variation. However,
the significance level of the F-test was
not extreme. Al1s0, due to the trensient
nature of ichthyoplankton, the three
stations are not isolated from each
other when viewed on a time scale ex-
ceeding a few hours or days.

Eight of the nine selected species
showed significant year to year vari-
ability and this undoubtedly contributed
to the significance of the operational
status facter in the ANOVA models. As
the size of the operational data set
increases, it is probable that fewer of
the Preop-Op comparisons will be statis-
tically significant.

3-84

3.2.2 Adult Finfish

3.2.2.1 Community
nter-Annual Patterns in th
Pelagic Fish Communi

Catch per unit effort (CPUE) for gill
nets (811 stations pooled) was 4 fish
per net in 1991 (Figure 3.2.2-1). CPUE
in 1991 was similar to CPUE for the
period 1981 through 1990. CPUE in 1991
was well below the highest CPUE of 29
fish per 24-hour set in 1980. The low
CPUE in 1990 and 1991 reflects a contin-
uation of the low and generally decreas-
ing trend in CPUE that started in 1981.

Changes in the annual composition of
the pelagic fish community were examined
by comparing CPUE of the dominant spe-
cies among years. CPUE was used to
evaluate the species composition because
it provides a measure of the contribu-
tion of a species to the entire catch
that is independent of contributions by
other species. Five taxa accounted for
approximately 90% of the average preop-
erational gill net catch (Table 3.2.2-
1). During the preoperational period,
CPUE of Atlantic herring was greatest
followed by blueback herring, Atlantic
whiting, pollock and Atlantic mackerel.
During the operational period, Atlantic
mackerel was dominant followed by Atlan-
tic herring, pollock and spiny dogfish.

Multivariate analysis of variance was
used to examine changes in community
composition, as measured by mean yearly
CPUE of species, between the preopera-
tional and operational periods. The
species composition of the pelagic com-
munity during the preoperational period
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Figure 3.2.2-1. Annual total catch per unit effort (number per 24-hour set of one net, surface or bottom) in
gill nets by station and mean of stations, 1976-1991. Seabrook Operational Report, 1991
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TABLE 3.2.2-1. CATCH PER UNIT EFFORT (NUMBER PER 26-MOUR SET. SURFACE ANC BUTTOM) BY YEAR, AND ALL PREOPERATIONAL YEARS

COMBINED FOR ABUNDANT SPECIES IN GILL NET SAMPLES FROM 1976 THROUGM 199! AT STATIONS G1. G2, AND G3 COMBINED.

SEABROOK OPERATIONAL REPORT, 1991.
PREOP

1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 * 19%0 1991
Atlantic herring 4.67 6£.33 11.66 7.39 264.03 2 .81 4. 02 4.02 1.13 0. 86 1.89 2.35 51 2.64 6.06 0.08 1.30
Atlantic whiting 1.47 2.7 0.37 0.40 1.79 0.34 0 44 0.08 ©0.23 0.04 0.07 o1 04 0.02 0.80 0.15 0. 04
Blueback herring 0.47 .48 2.24 0.16 0. 49 0.12 0.61 0.89 0.38 0.33 0.87 0.72 .48 0.26 0.8 $.17 040
Pollock 0.5 0 &8 0.'8 0.20 1.52 1.13 .22 N 0.64 0.74 1.00 0.26 .60 0 .40 0.57 0.76 0.42
Atlantic mackerel 1.08 0.88 0.29 0.4 0.5% 0.88 0.32 0.45 0.26 0.33 0.18 0.33 .01 0.24 0.52 1.22 0 42
Alewife o et 0.29 0.04 0.14 6.10 0.12 0.39 o.20 0.19 0.19 N .27 0.06 0.20 0.06 0.18
Atlantic menhaden 0.064 0.36 0.06 0.22 0. .24 0.04 0.09 0.48 0.22 0.14 0.24 0.07 .03 0.0% ¢.18 0.06 0 04
Hake mcloi. 0.15 0.25 o 9.10 0.2 D.28 0.07 0.0 o3 0.06 0.10 o0 .21 oM 0.14 0.03 6. 00
Rainbow smelt 0.10 0.14 .15 0.2 0.11 <0.01 <0.0% o.n 0.26 0.08 .20 5.8 .04 0.02 on 0.02 0.03
Atlantic cod 0.1 0.1 006 0.09 0.1 0. .64 0.11 0.4 0.13 0.02 0.12 0.08 .09 0.04 0.0 0.01 0.00
Spiny dogfish <0.07 0.03 0.03 <0.01 0.00 <p.0! 0.03 .68 012 0.17 0.37 0.0 03 0.15 0.06 0.3%9 0.45
Other species 0o.08 ©0.23% 0.24 0.40 0.23 0.55 0.33 0.47 0.66 0.38 0 .24 0. 24 .20 0.28 0.32 0.35 0. .59
All specie= 8.76 13.16 15.68 9.26 29.47 6. 30 6. 36 8.32 4.35 3.34 5.48 4 54 .51 3.9 9.87 3.28 3.87

®includes red. white and spotted hake
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was significantly different (p<0.0001)
from the pelagic community during the
operational period. With the possible
exception of Atlantic herring, the year-
1y changes in the compositior of the
pelagic fish community in the study area
were similar to the changes in the com-
position of the pelagic fish community
in the Gulf of Maine (NOAA 1991a.b).
The primary differences in the community
composition in the study area bet:ieen
the preoperational and operational peri-
ods were a decrease in abundance of
Atlantic herring and Atlantic whiting
and an increase in abundance of Atlantic
mackerel and spiny dogfish {(Table 3.2.2-
1). Atlantic herring CPUE in the study
area was greatest in 1979-1980 and has
subsequently decreased. In contrast,
the National Marine Fisheries Service
(NMFS) Atlantic herring abundance index
in the Gulf of Maine has risen steadily
since 1984 and is presentiy near its
highest recorded value (NOAA 1991b).
CPUE of Atlantic whiting in the study
area began to decrease in the early
1980s. Atlantic whiting stocks have
fluctuated in the Gulf of Maine greatly
in the 1980°s and presently the stock is
considered fully exploited (NOAA 1991b).
Atlantic mackerel began to increase in
CPUE in the study area beginning in
1987. Atlantic mackerel stocks have
been increasing since 1981 in the Gulf
of Maine (NOAA 1991b). Spiny dogfish
CPUE began to increase in the study érea
beginning in 1983. Spiny dogfish abun-
dance in the Gulf of Maine and Mid-At-
lantic has increased steadily over at
least the last ten years (NDAA 1991b).
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Spatial Patterns in the Pelagic
Fish Communi

CPUE at gill net Stations Gl, G2. and
63 showed similar fluctuations among
years (Figure 3.2.2-1).
est in 1980 for all stations combined
primarily due to large catches of Atlan-
tic herring. Since 1980, annual CPUE at
each gill net station has fluctuated
within a narrow range. Species composi-
tion was similar among stations within
the preoperational and operational peri-
ods (Table 3.2.2-2).

Atlantic herring dominated the catch
during the preoperational pericd at
Station Gl, located approximately 2 km
south of the discharge (Table 3.2.2-2).
During 1990, the first operational year,
Atlantic herring declined in CPUE and
Atlantic mackerel was the dominant spe-
cies followed by pollock. Species com-
position in 1991 was similar to the
preoperational years, with Atlantic
herring the dominant species; however,
CPUE of Atlantic herring was smaller in
1991 than the preoperational years.
During 1990, CPUE of spiny dogfish was
greater than the preoperational period;
although spiny dogfish CPUE returned to
preoperational levels in 1991,

Station G2, located approximately 250
m from the discharge, showed a similar
pattern in species composition to Sta-
tion G1. Atlantic herring was the domi-
nant species during the preoperational
period. In 1990, Atlantic mackerel and
pollock were the dominant species as
Atlantic herring catches declined. In
1991 Atlantic herring was the dominant
species again, followed by blueback
herring and poliock. However, the rela-

CPUE was great--



88-¢

TABLE 3.2.2-2.
ABUNDANT SPECIES IN GILL NETS, ALL PREOPERATIONAL YEARS (1976-1989%9),
1990 AND 1991, DEPTNS COMBINED. SEABROOK OPERATIONAL REPORT, 19%1.

CATCH PER UNIT EFFORT (NUMBER-PER-2G-HOUR SET, SURFACE AND BOTTOM) BY STATION FOR

STATION
61 G2 83
PREOP . PREOP . PREOP .

SPECIES YEARS 1990 1991 YEARS 1990 1991 YEARS 1990 1991
Atlantic herring 25.11 0. 33 3.75 37.67 0.17 6.83 30.34 0.50 5. 00
Atlantic whiting 3 &2 0.50 0. 08 3.77 0.92 0.00 5.19 0 42 0 42
Blueback herring 2.7 0.50 V.42 “ 16 .58 3.17 5. 49 0 92 017
Atlantic mackerel 2.38 6.42 1.17 2.66 4.50 0.17 2.98 3.75 3.87
Pollock 2.46 0.92 .92 3.07 2.00 2.92 3.25 6.25 1.25
Hake species® 0 99 017 0.00 0.7% .25 0.00 0.47 0.00 0.00
Atlantic menhaden 1. 00 0 67 0.00 0.64 0. 08 0.17 1.10 0.00 0.33
Alovife 0 92 0.25 .92 V.13 0.17 0.50 1.02 0.08 0.75
Reinbow smelt 0. 52 0.00 0.25 0.5 0.25 0.00 0.69 0 60 0.08
Longhern sculpin 0. 43 0.08 0.17 0.4k 0.00 0.08 0.18 0.17 0.00
Atlantic cod 0. 47 0.08 0.00 0. 39 0. 08 0.00 0.62 0.00 0 00
Bluefish 0.35 0.08 .50 0.35 0.0¢ 2.33 0.20 .50 0.83
Spiny dogfish 0.30 3.83 0 08 0.67 0.08 2 .62 0. 49 0.7% 292
All other species 0.75 1.67 0 92 0.99 0 92 1.7% 1.28 0. 83 0. 50

.1n¢1ndcc red, white, and spotted hakes
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tive abundance of Atlantic herring was
less than during the preoperational
period. CPUE of spiny dogfish increased
steadily from the preoperational period
to 1950 and 1991. Spiny dogfish and
pluefish CPUE was greater in 1991 than
the preoperational period.

Station G3, located approximately 2.5
km north of the discharge area, showed
similar patternus in species composition
as Stations Gl and G2. Atlantic herring
was the dominant species during the
preoperational period and CPUE of Atlan-
tic herring declined greatly during 1990
when Atlantic mackerel and pollock were
dominant. Atlantic herring were domi-
nant again in 1991 followed by Atlantic
mackerel and spiny dogfish.

Since 1980, mid-water gill nets have
been set in addition to the surface and
off-bottom nets during February, June
and October top characterize the fish

community that may be exposed to im-
pingement (Table 3.2.2-3). In the pre-
operational peried, Atlantic herring,
Atlantic mackerel and Atlantic menhaden
were dominant. In the gperational peri-
od Atlantic mackerel and Atlantic whit-
ing were dominant along with Atlantic
menhaden in 1990 and Atlantic herring in
1991.

Inter-Annual Patterns in the

mersal Fish Communi

Otter traw] CPUE (fish per ten minute
tow) for all stations and species com-
bined during the preoperationsl period
peaked in 1981 at 95 fish/tow (Figure
3.2.2-2). CPUE increased to a second
peak of 61 fish/tow in 1989, but has
declined steadily since then. CPUE in
1991, the first full operational year,
was significantly below the preopera-
tional mean CPUE (p<0.0001). The de-

TABLE 3.2.2-3. CATCH PER UNIT EFFORT® FOR THE DOMINANT SPECIES CAPTURED
IN MID-DEPTH GILL NETS OVER ALL STATIONS AND DATES,
PREOPERATIONAL YEARS (1980 THROUGH 1989), 1990 AND
1991. SEABROOK OPERATIONAL REPORT, 1991.

PREOPERATIONAL

SPECIES YEARS 1890 1991
Atlantic herring 2.9 0.1 1.2
Atlantic whiting 0.5 0.4 0.3
Atlantic mackerel 0.9 2.2 1.4
Pollock 0.2 0.0 0.0
Alewife 0.1 0.2 0.0
Blueback herring 0.3 0.2 0.1
Atlantic menhaden 0.7 0.6 0.0
Rainbow smelt <0.1 0.0 0.0

“number per one 24-hour set of one net (surface, mid-depth, or bottom)
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CATCH PER UNIT EFFORT

------- Station 72 *
"“
o ‘ seasess  Station T3
® T rhesas ‘\
‘l“
.>\ — Staticns Averaged

YEAR

* In most years sampling was curtailed at station T2 during Sepiember and October
due to presence of lobster gear.

Figure 3.2.2-2. Annual total caich per unit effort (mean number per 10 minute tow) in otter trawls by
station and mean of stations, 1976-1991. Seabrook Operational Report, 1991,
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crease in CPUE in otter trawls corre-
sponds with an overall decrease in de-
mersal fisn abundance observed in
Georges Bank and the Gulf of Maine (NDAA
1981b). Otter trawl catches are primar-
ily composed of demersal fish such as
flounders and members of the cod family.
The National Marine Fisheries Service
(NMFS) index of abundance for these
species (1963-1991) peaked in 1978 and
subsequently declined to the lowest
recorded values in 1987 and 1988 (NDAA
1991b). The index increased slightly
since 1988 but still remains below his-
torical levels. The decrease in CPUE
observed in the demersal fish community
in the study ares is likely a reflection
of a widespread cccrease in abundance of
demersal fish in the Gulf of Maine and
Georges Bank.

Changes in the annual species composi-
tion of the demersal fish community were
examined through multivariate analysis
of variance of mean yearly CPUE of domi-
nant trawl species. Species composition
was significantly different between the
preoperational and operational periods
(p<0.0001). During a1l preoperational
years combined, CPUE of yellowtail
flounder was greatest followed by long-
horn sculpin, hake sp., winter flounder
and rainbow smelt (Table 3.2.2-4).
Species composition appeared to change
in 1986 and 1987 when CPUE of skate sp.
and rainbow smelt increased. Prior to
these years, the three most-abundant
fish were either yellowtail flounder,
hake sp., longhorn sculpin, Atlantic cod
or winter flounder. Beginning in 1986,
skate sp. were among the five most-abun
dant species every year. Similarly,
from 1987 through 1990 rainbow smelt
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were among the three most-abundant spe-
cies each year.

The change in species co~ .osition that
occurred in the mid- 198u. and continues
to the present appeared to be a reflec-.
tion of a larger change in species com-
position in the Gulf of Maine and not
due to operation of the Seabrook Sta-
tion. According to NMFS "...catches of
both skates and dogfish since 1986 have
been the highest observed in the time
series...™ that began in 1968 (NDAA
1991b).

i rns in the Demersal
Fish Community

Mean annual CPUE was similar at the
offshore stations (T1 and T3), while
CPUE at the shallower nearshore station
(TZ) was much lower (Figure 3.2.2-2).
Trawls are generally not fished at Sta-
tion T2 during September and October due
to high density of lobster gear in the
Station area. Furthermore, the habitat
at Station T2 is different from the
other trawl stations. Station TZ is in
shallower water with a bottom covered by
large quantities of drift algae (NAI
1988b). 1In 1991 trawls were not fished
at Station T2 during August through
October. These months are typically a
period of high abundance for demersal
species and the lack of sampling could
bias the results, causing a2 Tower mean
CPUE at Station T2.

Species composition, as measured by
CPUE, was different among stations (Ta-
ble 3.2.2-5). During both the preopera-
tional and operational periods, yellow
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TABLE 3.2.2-4.

CATCH PER UNIT EFFORT (FISH PER TEN MINUTE TOW) BY YEAR, AND ALL PREOPERATIONAL YEARS COMBINED. FOR ABUNDANT SPECIES IN OTTER
TRAWLS 1976 TNROUGH 1991 AT STATIONS T1, T2" AND T3 COMBINED.

SEABROOK OPERATIONAL REPORT, 1991,

1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 -l 1990 1991
Yellowtail flounder 21.99 14.94 13 .46 26.16 30.90 26.7) 1594 12.63 9.73 11.60 B8.70 9.76 11.59 18.37 16 .90 1310 6. 59
Lenghorn sculpin 3.06 3.95 5.3 9.90 13.89 15 64 11.83 15.96 14 67 9.37 4.1 4.%0 6.20 6.39 8 .98 7.53 5 86
Hake l’QCl'l. 11.21 15.40 11.33 6.69 7.50 12.84 14.14 6.19 7.064 6.23 6.10 $.18 s.0 4«79 8.67 2. .43 . 8
Winter flounder 3:31 4. 01 5.43 §.75 11.65 13.87 6.84 $.13 3.94 By 4 .64 5.60 5. 38 6. .56 6.19 5.37 7 .00
Rainbow smelt 8.16 1.70 5.85 5.29 3. 62 5.5% 3.77 5.60 3.50 0.57 1.456 778 10.78 11 44 5 43 5 46 3. 00
Atiantic cod 2.486 1.35 8.38 10.62 8.05 3:79 5.05 5.39 2.92 1.08 1.45 2.9 5.04 0.85 4 50 0. 39 0.77
Skate species® 1 60 2.37 1.32 1.35 1. 44 1.93 2.5 4 45 4 10 4.59 6 41 5.52 5.56 5. 21 3.34 5. 36 5 48
Atlantic whiting 3.57 1.58 2.16 2.05 1.33 2.4 3.16 0.56 0.40 0.32 3.68 0.76 0.55 0.67 1.64 0.34 V.47
Ocean pout 1.87 2.09 2.0 1.67 V.22 2.06 1.82 2.19 2.78 1.16 1.24 1.53 1.05 0.93 1.66 1.40 0.64
Polleock 0 45 0.5 0. 47 3.23 6.27 2.09 1.04 0.98 0.22 9.3 1.09 1.4) 9 64 0.39 1. 40 2.04 z.5
Windowpane 0. 97 1.12 0.77 0.7 2.45 2.03 1.73 2.94 3.5 2.09 2N 3.9 4.59 3.05 2.30 5.9 2 .48
Haddock 1.7 1.2% 0.01 2.57 3.9 0.28 1.72 0 49 o1 0.02 6.15 6.63 0.02 0.00 0.92 0.00 0.00
Other species 4. 93 1.65 2.28 1M 2.32 3.5 3.55 2.67 1.19 1.41 2.5 2.9 260 2.33 2.32 2.45 3.27
All species 61.53 51.92 58.78 77.8 94 .60 94.74 731 65.18 S54.11 42.52 44 .45 52.23 59.01 60.98 64 .25 49 .38 43 .56
AIn most years sampling was curtailed at Station T2 during September and October due to presence of lobster gear.

binciudes red. white, and spotted hakes

©includes big, littls, and thorny skates
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TABLE 3.2.2-5. CATCH PER UNIT EFFORT BY STATION OF ABUNDANT SPECIES COLLECTED
IN OTTER TRAWLS, ALL PREOPERATIONAL YEARS COMBINED (1976-1989),
1990 AND 1991. SEABROOK OPERATIONAL REPORT, 1991.

STATION
T1_ 1 el 13
PREOP. PREOP . PREOP.

SPECIES YEARS 1990 1991 YEARS 1990 1991 YEARS 1990 1991
Yellowtail flounder 27.92 21.81 11.73 6.32 4.84 1.31 14.67 10.92 5.42
Hake speciesb 11.01 4.48 5.83 4.10 1.26 2.69 10.12 1.29 5.38
Longhorn sculpin 8.33 6.71 5.54 2.07 1.82 0.89 15.36 12.88 9.90
Atlantic cod 3.74 0.3% 0.46 2.1 0.26 0.19 7.25 0.52 1.50
Rainbow smelt 4.34 4.17 1.88 8.29 7.13 5.03 4.13 5.42 2.60
Winter flounder 4.64 4.92 8.60 11.30 8.00 6.00 3.50 3.7% 6.15
Atlantic whiting 2.36 0.33 0.96 0.40 0.0% 0.17 1.96 0.58 2.1%
Windowpane 3.2 6.73 4.27 1.71 1.71 1.36 1.88 1.73 1.52
Skate speciesc 2.86 7.44 7.19 0.88 1.34 0.33 5.87 6.46 7.58
Pollock 1.03 3.04 3.27 2.88 2.87 3.72 0.53 0n.40 0.83
Ocean pout 1.04 0.31 0.33 1.3% 1.74 0.89 2.95% £.81 0.75
Haddock 0.7% 0.00 0.00 0.10 0.00 0.00 1.79 0.00 0.00
Other species 2.54 2.79 3.27 2.42 2.42 2.81 2.01 2.10 3.54

aIn most years sampling was curtailed at Station T2 during September
and October due to presence of lobster gear.

bincludes red, white, and spotted hakes

“includes big, little, and thorny skates
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tail flounder was the dominant species
at Station T1, winter flounder was domi-
nant at Station T2 and longhorn sculpin
was dominant at Station T3. These spe-
cies and skate sp. were important mem-
bers of the demersal fish communities at
each station. Abundance of skate sp.
was greater in 1990 and 1991 at all
stations compared to the preoperational
period.

Species composition during the preop-
erational period at Station T1, located
approximately 4 km south of the dis-
charge area, was dominated by yellowtail
flounder, hake sp.., and longhorn
sculpin. Yellowtail flounder remained
the dominant species during 1990 and
1991, although CPUE declined. In 1990,
skate sp. ranked second in CPUE followed
by windowpane. Species composition at
Station T1 in 1991 was similar to 1990
except winter flounder ranked second in
abundance followed by skate sp.

Winter flounder, followed by rainbow
smelt and yellowtsil flounder were the
gominant species during the preopera-
tional period and during 1990 at Station
T2. located approximately 1 km south of
the discharge. In 13991 winter flounder
and rainbow smelt were again the domi-
nant species, but skate sp., ranked third
in abundance.

Longhorn sculpin was the dominant
species during both the preoperational
and operational periods at Station T3
lTocated approximately 4 km north of the
discharge area. During the operational
period, CPUE of hake sp., yellowtail
flounder and Atlantic cod declined while
the importance of skate sp. increased.
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:rns in th tuarin

Inter-annual Pi
Fish Communi

Average CPUE for all
combined within

seine stations
the Hampton/Seabrook

estuary ranged from 41 to 362 fish/haul-

(Figure 3.2.2-3). Changes in the annual
species composition of the estuarine
fish community were examined through
multivariate analysis of mean yearly
CPUE of dominant estuarine species.
Species composition was significantly
different between the preoperational and
operational periods (p<0.002).

The three most abundant species each
year were either Atlantic silverside,
Fundulus sp., American sand lance, or
rainbow smeit. Variations in species
composition between the preoperational
and operational pericds were & result of
changes in CPUE of Atlantic silverside
and rainbow smelt. Seine CPUE was gen-
erally lower for the period 1982 through
1991 (41 to 114 fish/haul) than 1975
through 1981 (200 to 362 fish/haul),
primarily due to substantial decreases
in Atlantic silverside abundance begin-
ning in 1982 (Table 3.2.2-6). Rainbow
smelt CPUE also strongly influenced
yearly total CPUE. During peak years of
CPUE, such as 1976, 1979 and 1990, rain-
bow smelt CPUE was above average.

Spatial Patterns in the Estuarine

ish mmun i

Mean annual CPUE during the preopera-
tional period was either highest at
Station S3 (near the mouth of the estu-
ary) or there were no large differences
among stations (Figure 3.2.2-3). In
1990, CPUE was highest at Station S3 due
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* No seine samples collected in 1985,
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b Seine samples not collected in April through June.

Figure 3.2.2-3. Annual total catch per unit effort (mean number per 10 minute tow) in beach seines by

station and mean of stations, 1976-1991. Seabrook Operational Report, 1991,
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( HMM)IYHMMMLW%M
% EXCLUDING 1985 AND 1986) AT STA &SS].

mm:m%m
§2 AND S3 COMBINED.

SEABROOK OPERATT

g

- PREOP

1976 9m 1978 1979 1980 198] 1982 1983 1984 1987 1988 1989 X 19%0 199
Atlantic silverside 261.35 108.95 146,84 21800 153,22 193.82 3449 3944 5442 3948 3919 22.35 76.63 86 40 66.25
Fundulus species® 55.04  45.58 9.48 9.62 8.55 K 6.07 6.46 1.9 2.35 .73 9.85 9.4 19.7M 11.10
Pollock 3.06 0.02 2.28 2831 46.85 0.10 3.9 4.16 1.51 1.08 0.04 0.00 5.05 0.06 0.3
Alevife 0.17 2.60 0.06 6533 0.05 0.07 0.88 0.01 0.69 0.15 000 0. 00 3.89 0.00 0.04
Rainbow smelt 4.7 9.40 0.11 167 0.06 4.67 2.18 3.4 9.7 5.48 0.1% 0.67 3.66 73.40 0.94
American sand lance 8.8 17,08 WM 1.64 0.02 0.98 4.56 1.83 0.21 0.00 1.67 0.19 2.85 8.13 2.90
Atlantic herring 0.09 0.43 1065 3.32 1008 9.66 0.07 5.69 9.68 1.27 0.06 0.63 2.84 0.17 .17
Ninespine stickleback 5.34 7.64 2.12 0.30 0.29 1.4 1.31 5.78 1852 1550 21.13 1.56 4.2 16.98 1.19
Winter flounder 2.09 3.89 3.3 5.86 6.21 3.8 n 2.47 3.9 1.4 1.04 1.85 2.19 1.12 1.46
Blueback herring 0.18 1.43 1.65 413 0.18 1.08 0.06 11.48 0.19 0.00 0.8 0.00 2.15 C.46 2.63
Other species 6.01 2.80 £.75 8.77 1.35 .85 2.03 3.32 7.19 3.9% 1.79 KR 2.46 1.75 1.65

3 ncludes summichogs and striped killifish
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to high catches of rainbow smelt. in
1991, CPUE was similar between Stations
S3 and S1, and lowest at Station S2.

During both the preoperational and
operational periods, Atlantic silverside
was the dominant fish at Station S1
followed by either Fundulus Sp. or Amer-
ican sand lance (Table 3.2.2-7). This
pattern of species composition was gen-
erally followed at Station 52, with the
exception of 1990 when Fundulus sp. was
dominant. Station S3, locatec¢ in more
saline waters, had & slightly different
species composition. During the preop-
ergtional period, Atlantic silverside,
rainbow smelt and ninespine stickleback
were the dominant species. In 1990,
rainbow smelt were dominant followed by
Atlantic silverside and ninespine stic-
kleback. The year 1991 was more similar
to the preoperational period at Station
S3. Atlantic silverside were again
dominant followed by Atlantic herring
and winter flounder.

3.2.2.2 Selected Species

General

Seasonal, inter-annual, and spatial
variations in abundance were analyzed
for nine selected species. Selection of
species was based on two criteria: (1)
high abundance in at Tleast one life
stage and gear type; (2) importance in
local commercial or sport fisheries,
The nine selected species and their
primary collection methods were:

species Gear Type
Atlantic herring gill nets
Atlantic mackerel gill nets
Pollock gill nets

Atlantic cod

Hakes (red, white,
spetted)

Yellowtail flounder

Winter flounder

otter trawl

otter trawl
otter trawl
otter trawl

and beach seine
otter trawl and
beach seine
beach seine

Rainbow smelt

Atlantic silverside

Geometric mean CPUE for the preopera-
tional period with 95% confidence 1imits
and geometric mean CPUE for 1990 and
1891 are presented in Table 3.2.2-8 for
each selected species.

Analysis of variance (ANOVA) was used
to statistically test for temporal and
spatial differences in CPUE for the
selected species. Periods with histori-
cally high coefficients of variation and
periods when the selected species were
historically not captured were excluded
from the analysis. This method in-
creased the power of the model to detect
significant differences among years by
mirimizing within-year variation. The
year 1990 was classified as either pre-
operational, operational or was excluded
from the analysis depending on the se-
lection of months for analysis.
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TABLE 3.2.2-7. MEAN CATCH PER UNIT EFFORT (NUMBER PER HAUL) BY STATION GFf ABUNDANT SPECIES COLLECTED IN
BEACH SEINES, ALL PREOPERATIONAL YEARS COMBINED (1976-1984 .

APRIL THROUGH NOVEMBER. SEABROOK OPERATIONAL REPORT, 1991

1987-1989), 1990 AND 1991,

STATION
31 52 33
PREOP. PREOP . PREOP .

SPECIES YEARS 1990 1991 YEARS 1990 1991 YEARS 1990 1991
Atlantic silverside 86.80  61.50 72.88 97.61  20.69  27.06 177.38  177.00 8.81
Fundulus species® 18.09 4.62  33.31 26.42  54.50 0.00 0.07 0.19 0.00
American sand lance 4.37  22.94 8.62 4.80 0.12 0.00 4.27 1.31 0.06
Blueback herring 7.86 1.06 7.75 0.51 0.06 0.00 1.78 0.25 0.13
Ninespine stickleback  6.66 1.50 3.38 3.98 0.62 0.06 9.75  48.81 0.13
Atlantic herring 2.01 0.19 0.38 9.20 0.00 0.19 2.18 0.31 2.94
Winter flounder 1.95 0.31 1.25 2.8 1.31 0.25 6.23 1.75 2.88
Pollock 1.57 0.00 0.19 10.93 0.00 0.06 11.33 0.19 0.69
Alewife 0.82 0.00 0.12 17.07 0.00 0.00 0.49 0.00 0.00
Rainbow smelt 0.87 0.38 0.19 2.26 0.19 1.31 14.15  219.63 1.31
A1l other species 2.80 0.69 0.50 3.09 1.19 0.69 £.72 3.38 3.7%

3includes mummichog and striped killifish
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TABLE 3.2.2-8. GEOMETRIC MEAN CATCH PER UNIT EFFORT? FOR SELECTED FINFISH SPECIES FOR THE

PREOPERATIONAL PERIOD (1976-1989), THEIR CONFIDENCE LIMITS, AND 1990 AND 1991 MEAN

CATCHES. SEABROOK OPERATIONAL REPORT, 1991.
PREOPERATIONAL

LOWER PERIOD UPPER 1990 1991

SPECIES STATION 95% CL X 95% CL X x
Atlantic herring 61-63 0.96 1.03 1.11 0.05% 0.39
Pollock G1-G3 0.19 0.21 0.23 0.17 0.20
Atlantic mackerel 61-G3 0.19 0.21 0.2 0.47 0.12
Atlantic cod 13 1.89 2.00 2.3 0.20 0.26
Te 0.61 0.72 0.84 0.17 .14
T3 2.87 3.21 3.59 0.33 0.76
T1-73 1.74 1.87 2.01 0.23 6.39
Hake species T1 3.66 4.18 4.76 2.29 o}
T2 1.41 1.63 1.88 0.78 1.07
T3 338 3.60 4.11 0.73 2.36
T1-73 2.83 3.07 = . 14 1.20 2.31
Yellowtail flounder Ti 18.82 20.15 21.56 16.42 7.51
T2 2.63 2.97 3.3% 2.50 0.71
73 9.73 10.43 13.17 7.81 3.56
T1-73 8.90 9.42 9.97 7.66 3.38
Winter flounder T1 c.87 3.12 3.39 3.47 4.75
T2 5.69 6.29 6.95 4. .54 3.3%
T3 2.01 e.21 2.41 2.26 3.29
Ti-T3 3.27 3.46 3.65 3.24 3.79
Rainbow smelt T1 0.87 1.05 1.25 1.09 .55
T2 1.67 1.99 2.34 2.40 1.56
T3 0.62 0.76 0.91 0.87 0.87
Ti-T3 1.05 1.%7 1.29 1.31 0.90
Atlantic silverside S1-53 7.07 8.28 9.67 5.33 9. 57

30TTER TRAWL (T) mean catch per two 10-minute tows at each station and
GILL NET (G) mean catch per 24 hour set of either level (surface 4r bottom), a mean for all stations
SEINES (S) mean catch per haul, a mean for all stations

mean of 311 stations
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Pelagi i

Atlantic Herring

Atlantic herring monthly mean CPUE
during the preoperational period was
highest during the spring and fall (fig-
ure 3.2.2-4). In 1990, catches were
much Tower than the preoperational mean
for all months except July. Catches of
Atlantic herring in 1991 were greater
than 1990, but lowe~ than the preopera-
tional period, except for the months of
March, May and June.

CPUE in the selected months of the
precperational period was significantly
greater than the operational period and
there were no significant differences
among stations (Table 3.2.2-9). The
significant difference between the pre-
operational and operational periods is
primarily due to the large catches of
Atlantic berring in 1978 through 1980,
The Preop-0Op X Station interaction term
was not significant. The significant
differences in CPUE observed between the
preoperational and operational periods
occurred at both nearfield and farfield
stations.

Pollock

Monthly mean CPUE of pollock in gill
nets was typically highest during the
late spring and late fall, and lowest
guring the winter (Figure 3.2.2-4). The
high catches during the spring and late
fall were a result of annual onshore and
pffshore movements. In 1990, pollock
CPUE was greater than the preoperational
mean for the months June through August.
Similarly, pollock CPUE in 1991 was

greater than the preoperaticnal mean for
the months of June through September.

There were no significant differences
in CPUE during the selected months be-

tween the preoperational and operational-

periods and no significant differences
among stations (Table 3.2.2-9).

Atlantic Mackerel

Atlantic mackere)l monthly mean CPUE in
gill nets was historically greatest im
June through November (Figure 3.2.2-4).
In 1990, CPUEL was greater than the pre-
operational mean in May through July,
and September and October. Atlantic
mackerel CPUE in 1991 was lower than the
preoperational mean for every month
except October.

There were no significant differences
in CPUE during the selected months be-
tween the pregperational and operational
periods (Table 3.2.2-9). However, there
were significant differences in CPUE
among stations. Significantly more
Atlantic mackere)l were captured at Sta-
tion G3 located north of the intake than
at Station Gl located south of the in-
take. The Preop-Op X Station interac-
tion term was not significant, indicat-
ing & consistent relationship among
stations regardless of operational sta-
tus.

Atlantic Cod

Monthly mesn Atlantic cod CPUE was
typically highest in the spring ang
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Figure 3.2.24. Log (x+1) caich per unit effort (one 24-hr. set) for Atlantic herring,

pollock and Atlantic mackerel; monthly means and 95% confidence
intervals over all preoperational years (1976-1989) and monthly means
for 1990 and 1991 averaged over gill net Stations G1, G2 and G3.
Seabrook Operational Report, 1991.
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TABLE 3.2.2-9. RESULTS OF ANALYSIS OF VARIANCE COMPARING ABUNDANCES OF SELECTED SPECIES OF PELAGIC
FINFISH AT ALL GILL NET STATIONS DURING PREOPERATIONAL AND OPERATIONAL PERIODS.

SEABROOK OPERATIONAL REPORT, 1991.

SPECIES SOURCE OF b MULTIPLE
(MONTHS USED) VARIATION? df SS F COMPARISONS
Atlantic herring® Preop-0p 1 1.0% 10.34++ Preop>0p
{Jan-May & Aug-Dec) Year (Preop-0Op) 13 27.53 20.84 %%+

Month (Year) 134 77.97 b T3%ee
Station Fd 0.03 0.13 NS
Preop-Op x Station 2 0.02 0.09 NS
Error 501 50.91
Pollockd Preop-0p 1 <0.01 0.04 NS
(May-Jul) Year (Preop-0Op) 14 2.76 3.76%%*
Month (Year) 2 1.85% 1.10 NS
Station 2 0.25 2.38 NS
Preop-Op x Station 2 0.08 0.75 NS
Error 155 8.11
Atlantic mackerel®  Preop-Op 1 0.03 0.89 NS
(Jul-Nov) Year (Preop-Op) 13 2.32 4 86***
Month (Year) 60 7.70 3. 50e+
Station 2 0.27 3.64* 63 G2 61
Preop-Op x Station 2 0.18 2.45 NS e
Error 251 9.20

dpreop-0p = Preoperational period vs. operational period

b

C
d

Year (Preop-Op) = Year nested within preoperational and operational peroiods
Month (Year) = Month nested within year
NS = not significant (p>0.65)
* = significant (0.052p>0.001)
** = highly si?n$ficant (0.012p>0.001)

LR very high
1990 data deleted

y significant (p<0.001)

1990 classified preoperational
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fall, and lowest during the summer (Fig-
ure 3.2.2-5). Atlantic cod migrate
offshore in the summer as water tempera-
tures increase (Bigelow and Schroeder
1953). Monthly mean CPUE in 1990 and
1991 was generally Jlcwer than monthly
mean CPUE mean for the preoperational
period at al1 stations.

CPUE was significantly greater during
the selected months in the preopera-
tional period primariiy due to catches
in 1978 that were greater than all other
years (Table 3.2.2-10). CPUE was lowest
in the operational years of 1850 and
1991. There were also significant dif-
ferences among stations, with the larg-
est catches occurring at Station T3.
The Preop-Op X Station term was not
significant, which indicates that the
differences among stations were consis-
tent between the preoperational and
operational periods. These differences
were probsbly due to differences in
habitat among the stations that occurred
during both the preoperational and op-
erational periods. The cause of the
significant differences between the
preoperational and operational periods
operated on @ larger geographic scale
than the study area because all stations
were affected similarly. The differen-
ces between the preoperational and oper-
ational periods may be due to the over-
exploitation of commercial stocks in the
Gulf of Maine and Georges Bank. Al-
though the spawning stock biomass and
commercial landing have risen since
1987, the Gulf of Maine and Georges Bank
Atlantic cod stocks are considered over-
exploited (NDAA 1991b).

CPUE of young-of-the-year (YOY) Atlan-
tic cod was significantly higher in the

preoperational period (Table 3.2.2-11).
The 1987 year class of Atlantic cod
appeared to be exceptionally strong as
CPUE of YOY Atisntic cod in 1987 was
significantly greater than all other

years. The observations of YOY Atlantic-

cod abundance in the study area agree
with the findings from the Gulf of
Maine. The 1986 and 1987 year classes
were exceptionally strong, comprising
about B0% of the 1990 population by
number and 70% by weight (WOAA 1991b).
The Preop-Op X Station interaction term
was not significant, which indicates
that the significant differences among
station occurred during both the preop-
erational and operational periods.

Hakes

Monthly mean CPUE of hakes was typi-
cally greatest in May through November
(Figure 3.2.2-6). Hake CPUE in 1990 and
1991 was generally lTower than the preop-
erational period, with the exception of
January through April CPUE in 1991.

There were significant differences in
CPUE during the selected months between
the preoperationa) and operational peri-
ods (Table 3.2.2-10). The highest hake
CPUE occurred in the preoperational
period during the years 1976, 1977 and
1982. The lowest hake CPUE was in 1991,
the only year in the operational period.
With a few exceptions, hake CPUE prior
to 1986 was greater than hake CPUE after
1986. The index of red hake abundance
calculated by NMFS for the Guif of Maine
and northern Georges Bank has increased
steadily since 1986. Red hake stocks in
these areas are considered under-ex-
ploited (NCAA 1991b). The white hake
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Figure 3.2.2-5. Log (x+1) catch per unit effort (one 24-hr. set) for Atlantic cod: monthly

means and 95% confidence intervais over all preoperational years (1976-
1989) and monthly means for 1990 and 1991 at otter traw] Stations T1,
T2 and T3. Seabrook Operational Report, 1991.
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TABLE 3.2.2-10.

RESULTS OF ANALYSIS OF VARIANCE COMPARING ABUNDANCES OF SELECTED SPECIES OF DEMERSAL
FINFISH AT ALL TRAWL STATIONS DURING PREOPERATIONAL AND OPERATIONAL PERIODS.

SEABROOK OPERATIONAL REPORT,

1991.

SPECIES SOURCE OF b MULTIPLE
(MONTHS USED) VARIATION? df SS F COMPARISONS
Atlantic ced® Preop-0p 1 2.92 66.38%%+ Preop>0p
(0ct-Dec) Year (Preop-0Op) 14 8.85 LR, J5nn

Month (Year) 32 3.69 2.62%%*
Station 2 0.61 6.95* T3>T1>T2
Preop-Op x Station 2 0.11 1.30 NS
Error 130 5.73
Hakes? Preop-0p i 1.64 19,214+ Preop>0p
{Jun-0ct) Year (Preop-0Op) i 7.91 7. lgnes
Month (Year) 60 7.21 1.42*
Station 2 0.91 5.38+%* T1>T3>712
Preop-Op x Station 2 0.17 1.03 NS
Error 193 6.36
Yellowtail flounder® Preop-Op 1 0.24 4,36+ Preop>0p
{Sep-Nov) Year (Preop-0Op) 14 5.11 QLFI*e"
Month (Year) 32 2.03 1.17 NS
Station 2 3.43 31.60%*+ Ti»T3>T2
Preop-Op x Station P4 0.11 1.04 NS
Error 118 6.40
Winter flounder® Preop-0p 1 0.18 3.42 NS
{Aug-Nov) Year (Preop-0Op!} 14 3.46 I0 e
Month (Year) 48 5.88 2.37%%*
Station 2 0.42 409+ 12 ¥4 I3
Preop-Op x Station 2 0.04 0.41 NS
Error 163 5.41

(continued)



TABLE 3.2.2-10. (Continued)

SPECIES SQURCE OF b MULTIPLE
(MONTHS USED) VARIATION? df SS F COMPARISONS
Rainbow smelt® Preop-0p 1 0.83 5,44+ Preop>0p
{Jan-Feb) Year (Preop-Op) 14 10.72 DL NeE

Month (Year) 16 1.26 0.52 NS
Station Z 0.03 0.11 NS
Preop-Op x Station 2 .12 0.39 NS
Error 20 13.74

3Station: T1 vs. T2 vs. T3 regardless of year or month; Preop-Op = Preoperational period vs.
operational period; Year (Preop-Op) = Year nested within preoperational and operational periods,
regardless of area; Month (Year) = Month nested within year, regardless of station; Preop-Op x

bStation = interaction of main effects

NS = not significant (p>0.05)

* = significant (0.052p>0.001)

** = highly significant (0.012p>0.001)

**+ = yery highly significant (p<0.001)
51990 classified operational

1990 data deleted
€1990 classified preoperational

90L-€



TABLE 3.2.2-11. RESULTS OF ANALYSIS OF VARIANCE COMPARING ABUNDANCES OF SELECTED YOUNG-OF-THE-YEAR
SPECIES OF DEMERSAL FINFISH AT ALL TRAWL STATIONS DURING PREOPERATIONAL AND

OPERATIONAL PERIODS.

SEABROOK OPERATIONAL REPORT, 1991.

SPECIES SOURCE OF b MULTIPLE
(MONTHS USED) VARIATION? df SS F COMPARISONS
Atlantic cod® Preop-0p 1 0.15 10.11ne Preop>Cp
(Aug-Dec) Year (Preop-0p) 15 2.70 12.05%%*
tonth (Year) 68 Z2.14 C.11%%w
Station Z 0.02 0.81 NS
Preop-0Op x Station 2 <0.01 0.11 NS
Error 223 3.33
Haked Preop-0p 1 0.36 5.93* Op>Preop
(Apr-Jul) Year (Preop-0Op) 15 B.57 g, 54%**
Month (Year) 48 11.95 4.16%**
Station 2 0.95 7.92%* T2 T1 73
o Preop-0Op x Station 2 0.08 0.66 NS
- Error 189 11.32
~J
Rainbow smeltd Preop-0p 1 0.05 0.35 NS
(Jan-Apr) Year (Preop-0p) 14 18.38 10.06%**
Month (Year) 48 25.78 § , Jowen
Station 2 0.44 1.67 NS
Preop-0Op x Station 2 0.08 0.29 NS
Error 181 23.62
Yellowtail flounderd Preop-0p 1 5.46 58.15% % Preop>0p
(Jan-Jul) Year (Preop-Op) 15 12.12 8.60%**
Month (Year) 96 14 .22 1.58%%
Station 2 6.45 34 37%** TI>T3I>T2
Preop-0p x Station 2 0.03 0.17 NS
Error 327 30.70

(continued)
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TABLE 3.2.2-11, (Continued)

SPECIES SOURCE OF b MULTIPLE
(MONTHS USED) VARIATION? df SS F COMPARISONS
Winter flounderd Preop-0p 1 0.04 0.56 NS
(Jan-Apr) Year (Preop-0p) 14 5.10 5. 10%n

Month (Year) 48 4.69 1.37 NS

Station 2 3.18 L2 . 26%** T2>T1>13
Preop-0Op x Station 2 0.05 0.36 NS

Errar 181 12.94

dgtation: T1 vs. T2 vs. T3 regardless of year or month; Preop-Op = Preoperational period vs.
operational period; Year (Preop-Op) = Year nested within preoperational and operational periods,
regardless of area; Month (Year) = Month nested within year, regardiess of station; Preop-Op x

bStation = Interaction of main effects
NS = not significant (p>0.05)
* = significant (0.052p>0.001)
** = highly significant (0.012p>0.001)
*** = yery highly significant (p<0.001)
31990 classified operational
1990 classified preoperational
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Figure 3.2.2-6. Log (x+1) caich per unit effort (one 24-hr. set) for hakes. monthly means
and 95% confidence intervals over all preoperational years (1976-1989)
and monthly means for 1990 and 1991 at onter trawl Stations T1, T2 and
T3. Seabrook Operational Report, 1991.
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abundance index has fluctuated without
any consistent long-term trends since
the early 1970s. White hake stocks in
the Gulf of Maine and Georges Bank are
considered fully exploited (NOAA 1991b).
The study area and the Gulf of Maine-
Georges Bank areas apparently exhibited
differing trends in the long term abun-
dance of hakes.

There were also significant differen-
ces in hake CPUE among stations (Table
3.2.2-10). CPUE at Station T1 was sig-
nificantly greater than CPUE at the
other stations, probably due to differ-
ences in habitat. The Preop-Op X Sta-
tion interaction term was not signifi-
cant. Although CPUE was significantly
different among stations, the difference
was consistent between the preopera-
tional and operational periods and is
Tikely attributable to differences in
nabitat.

In contrast to the analysis of total
hake CPUE, young-of-the-year (YOY) hake
CPUE was significantly grester during
the operational period. Spatial differ-
ences were also evident. CPUE of YOY
hake was significantly lower at Station
T3 (Table 3.2.2-11). However, the
Preop-Op X Station interaction term was
aot significant, indicating spatial
relationships were consistent between
the preoperational and operational peri-
ods.

Yellowtail Flounder

Monthly mean CPUE of yellowtail floun-
der was generally greater during the
prepperational period than 1990 and
1991, with the major exception of Sta-

tien T1, where CPUE during May through
October of 1990 was greater (Figure
3.2.2-7). CPUE at Station T2 wés gener-
811y lower than other stations during
both the preoperational and operational
periods.

CPUE of yellowtail flounder during the
selected months was significantly great-
er during the preoperational period
{Table 3.2.2-10). CPUE was highest in
1980 and 1976 in the preoperational
period. CPUE in 1991 was the lowest
recorded during the study. There were
81so significant differences in CPUE
among stations. CPUE at Station T1 was
significantly greater than CPUE at Sta-
tion T3, which was significantly greater
than CPUE at Station T2. The Preop-Op X
Station interaction term was not signif-
icant, indicating that the reduced CPUE
in the operational period occurred at
all stations, and that spatial differ-
ences were maintained during both the
preoperational and operational periods.
The yellowtail flounder autumn survey
index for Georges Bank is in agreement
with CPUE data from the study area. The
index was high in 1980 and has declined
steadily since then (NDAA 1991b). The
gecrease in CPUE in the study area ap-
pears to be a component of a larger
regional decline in yeliowtail flounder
abundance.

CPUE of YOY yellowtail flounder fol-
lowed the same pattern as tota)l yellow-
tail flounder CPUE (Table 3.2.2 11).
CPUE of YOY yellowtail flounder during
the preoperational period was signifi-
cantly greater than the operational
period, and CPUE at Station Tl was sig-
nificantly greater than the other sta-
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Figure 3.2.2-7. Log (x+1) catch per unit effort (one 24-hr. set) for yellowtail flounder; monthly
means and 95% confidence intervals over all preoperational years (1976-1989)
and monthly means for 1990 and 1991 at otter trawl Stations T1, T2 and T3.

Seabrook Operational Report, 1991.
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Figure 3.2.2-8. Log (x+1) catch per unit effort (one 24-hr. set) for winter flounder; monthly
means and 95% confidence intervals over all preoperational years (1976-1989)
and monthly means for 1990 and 1991 at otter trawl Stations T1, T2 and T3.
Seabrook Operational Report, 1991.
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Figure 3.2.2-9. Log (x+1) catch per unit effort (one 24-hr. set) for winter flounder, rainbow smelt

and Atlantic silverside; monthly means and 95% confidence intervals over all
preoperatonal years (1976-1989) and mouthly means for 1990 and 1991 averaged
over beach seine Stations S1, S2 and §3. Seabrook Operational Report, 1991.
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TABLE 3.2.2-12.

FINFISH AT ALL BEACH SEINE STATIONS DURING PREOPERATIONAL AND

OPERATIONAL PERIODS.

SEABROOK OPERATIONAL REPORT, 1991.

RESULTS OF ANALYSIS OF YARIANCE COMPARING ABUNDANCES OF SELECTED SPECIES OF ESTUARINE

SPECIES SOURCE OF MULTIPLE
(MONTHS USED) VARIATION? df 5§ gb COMPARTSONS
Winter flounder Preop-0Op 1 0.67 7.22%* Preop>0p
(Apr-Nov) Year (Preop-0p) 11 6.03 5.92%%*

Month (Year) 91 17.23 2. 05%%
Station 2 1.84 9.96%%* S3 S1 S2
Preop-0Op x Station 2 0.30 1.62 NS
Error 387 35.80
Rainbow smelt Preop-0p 1 0.01 0.06 NS
(Apr-Nov) Year (Preop-0p) 11 3.33 £.03*
Month (Year) 91 c2 .48 1.67**
Station 2 0.62 2.11 NS
Preop-Op x Station 2 0.17 0.59 NS
Error 387 57.32
Atlantic silverside Preop-Op 1 0.12 0.37 NS
{Sep-Nov) Year (Preop-0p) 12 17.92 4.66%**
Month (Year) 28 25.41 2.83%%*>
Station 2 3.43 5.35** S3 S1 S2
Preop-Op x Station 2 1.12 1.74 NS S0
Error 152 48.71
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Figure 3.2.2-10. Log (x+1) catch per unit effort (one 24-hr. set) for rainbow smeit; monthly means
and 95% confidence intervals over all preoperational years (1976-1989) and monthly
means for 1990 and 1991 at otter trawl Stations T1, T2 and T3. Seabrook Operational

Report, 1991.
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erational and operational periods ocC-
curred at all stations,

There were no significant differences
in CPUE of YOY rainbow smelt between the
preoperational and cperational periods,
or between stations (Table 3.2.2-11).
The Preop-0Op X Station interaction term
was not significant.

Rainbow smelt monthly mean CPUE in
seines was greater in 1990 than the
preoperational period, with the excep-
tion of June (Figure 3.2.2-9). 1In 1981,
rainbow smelt monthly mean CPUE exceeded
the preoperational mean only in May and
August. Although rainbow smelt were
captured ailmost every month during both
the preoperaticnal and operational peri-
ods, catches were extremely variable.
There were no periods of consistently
low coefficients of variation for menth-
1y mean CPUE. Therefore, all months
were used in the analysis of variance.
The year 1990 was deleted from the angl-
ysis because it could not be classified
as entirely preoperational or operation-
al. There were no significant differ-
ences in rainbow smelt CPUE in the
seines between the preoperational and
operational pe: .ods, and among stations
(Table 3.2.2-12).

lan ilversi

Atlantic silverside monthly mean CPUE
in the seines was greatest in August
through November for both the preopera-
tional and operational periods (Figure
3.2.2-9). Monthly mean CPUE in 1991 was
greater than the preoperational mean in
August and September while monthiy mean
CPUE in 1991 was lower than the preop-

erational mean for every month except
April and December.

There were no significant differences
in Atlantic silverside CPUE guring the
selected months between the preopera-
tional and operational periods (Table
3.2.2-12). CPUE at Station S3 was s5ig-
nificantly greater than Station S2Z,
31though neither station was signifi-
cantly different from Station S1. The
Preop-Op X Station interaction term was
not significant, which indicated that
the differences among stations occurred
equally during the preoperational and
operational periods and are probably due
to differences in habitat.

3.2.2.3 Effects of Plant Operation
Impingement

A total of 1,019 fish were impinged at
Seabrook Station in 1991 (Table 3.2.2-
13). The greatest number of fish im-
pinged was in April through June and
October through November. The impinge-
ment rate (fish/10° gallons of cooling
water pumped) was greatest in October.
The predominant species impinged were
windowpare, pollock, winter flounder,
little skate, lumpfish, longhorn sculpin
and shorthorn sculpin, each of which
comprised 5% or more of the total number
of fish impinged. With the exception of
pollock these are demersal species.
During April through June, windowpane,
poilock and Tumpfish were the predomi-
nant species impinged. Pollock and
winter flounder were the predominant
species impinged in October and Novem-
ber.
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TABLE 3.2.2-13.

NUMBER OF ORGANTSMS IMPINGED AT SEABROOK STATION BY MONTH AND SPECIES DURING 1991.°
SEABROOK OPERATIONAL REPORT 1991,

SPECIES JAN FER MAR APR MAY JUN JUL AUG SEP ocT NOv DEC TOTAL PERCENT
Windowpane 8 “ < 34 65 2 14 17 150 14 .72
Pollock 1 20 5 2 “ 37 15 124 12.17
Winter flounder 2 ? 9 “ 21 52 L] 116 11.38
Little skate 21 2 7 S 1 4 40 7 % 9 42
Lump finh 2 2! 20 24 22 2 93 9.3
Longhorn sculpin 1 1 13 5 4 2 9 1" 54 5. 30
Shorthorn sculpin 7 4 3 ] 13 1 “ 3 47 4.6
Sea raven 1 5 13 2 1 s “ e 42 4 12
Hake sp 2 B 13 ) 33 3.24
American lecbster 1 4 19 29 2.8%
Atlantic ced 1 4 2 3 28 2.75
Grubby 10 3 3 & 5 3 26 2.88%
Silver hake 1" 9 22 2.16
Wrysouth 2 1 2 8 1 1 15 1.47
Atlantic mackerel 5 8 13 1.28
Searobin spp. 4 3 5 12 i.18
Rainbow smelt 2 1 1 1 12 1. 18
Yellowtail flounder 4 1 1" 1 .08
Rock gunnel 1 1 1 2 1 n 1.08
Clearnose skate 1 9 o 88
Atiantic silverside 2 1 2 3 ] 0.79
Tautog 5 2 1 8 0.79
Herring spp. 3 “ 1 8 0.79
Flounder spp. \ 3 3 4 0.6%

feont inued '



(Cont inued)

61T-¢€

SPECIES JAN FEB MAR AUG SEP ocT NOV DEC TOTAL
Northern pipefish 1 2 6 0 59
Lasprey sel 5 0 49
Unknown “ 0 .39
Threespine stickleback 3 0.2%9
Summer flounder 3 029
Seasnail 3 0.29
Saurel 2 1 3 0.29
Cunner 2 v .20
Ccean pout 2 0.20
Spiny dogfish 2 0.20
Fourspot flounder 2 0.26
Radiated shanny i 0.10
Tautog 1 0.1
Cusk 1 .19
Conger ssl 0. 10
Northern kingfish 0. 10
Scup 010
Black ses bass 010
Atlantic wolffish 0.10
American sel 0 10
Alewife 0.10
74 41 5& 145 141 103 5 0 52 227 128 a3 1019 100

Rate (No of fish/10* gallons pumped! 0 064 0 002 0 003 0. 009 0. 008 ©0.006 0.000 0.000 ©0.007 0.00&« 0.007 ©.002 © 005

*Data provided by Yankme Atomic Electric Corporation
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Windowpane, pollock and winter floun-
der were the three most-abundant species
impinged in 1991 and the majority of
these fishes were less than 30 cm in
length (Figure 3.2.2-11). Windowpane,
winter flounder and pollock Tess than 30
cm are generally less than three years
old (Bigelow and Schroeder 1953). Larg-
er fish (30-45 ¢m) were more predominant
among little skate, lumpfish, longhorn
sculpin, shorthorn sculpin and sea ra-
ven. Approximately half of the hake sp.
impinged were less than 15 cm. AT
length groups of Atlantic cod were im-
pinged; the predominant fish were be-
tween 45 and 60 cm.

The species composition of fish im-
pinged in 1991 differed from the species
composition impinged in 1990. 1In 1991,
windowpane and pollock were the two
most-abundant species impinged as op-
posed to lumpfish and pollock in 1990,
Winter flounder was the third most abun-
dant species in 1991, but only ranked
eighth in 19390. Similarly, little skate
and lumpfish, which ranked fourth and
fifth in impingement in 1991, ranked
fifteenth and first respectively in
1990. Herring sp., which were the fifth
most abundant species impinged in 1990,
ranked twenty-third in 1961,

The species composition of the im-
pingement community more closely resem-
bled the species composition of the
demersal fish community than either the
pelagic or estuarine communities. The
impingement community was markedly dif-
ferent in species composition from the
community captured in mid-depth gill
nets. Atlantic herring, Atlantic mack-
erel, Atlantic menhaden and Atlsntic
whiting were the dominant fish in mid-

depth gill nets. These four species
combined comprised less than 3% of the
impingement community. The four most-
abundant fishes impinged at Seabrook
Station, windowpane, pollock and winter
flounder and skate sp. were also domi-
nant members of the demersal fish commu-
nity (Table 3.2.2-4). Of the fish com-
monly impinged, only pollock and winter
flounder were abundant in the pelagic
and estuarine fish communities. Lump-
fish, which were the fifth most-common
fish impinged, were not common in either
the demersal, pelagic or estuarine fish
communities. Lumpfish were 1impinged
primarily in the spring when the adults
move inshore to spawn (Bigelow and
Schroeder 1953). Lumpfish are struc-
ture-oriented fish and the structure
provided by the intake may result in
local concentrations of lumpfish.

The number of fish impinged in 199}
(1,019) was greater than the number
impinged in 1990 (499). The species
composition and number of fish impinged
is influenced by the operational charac-
teristics of the plant such as intake
type and location, the volume of cooling
water pumped, the abundance of the fish
community exposed to impingement and
environmental variables such as water
temperatures and storm events that af-
fect the vulnergbility of the fish com-
munity to impingement (Grimes 1975;
Landry and Strawn 1974). The operation-
al characteristics of the plant did not
charige between 1990 and 1991. The vol-
ume of cooling water pumped in 1991
(approximately 186.8 x 109 gallons) was
less than the volume pumped in 1990
(approximately 202.7 «x 109 gallons).
The abundance of the fish community
exposed to impingement was slightly
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Figure 3.2.2-11. Number of fish impinged at Seabrook Station during 1991 for various size

classes of most abundant species. Seabrook Operational Report, 1991
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lower in 1991 compared to 1990 (Figure
3.2.2-2), assuming that CPUE is a valid
measure of abundance and the demersal
fish community is the community most
likely to be impinged. The increase in
fish impingement observed in 1991 may be
partially due to an increase in the
vulnerability of the fish population
exposed to impingement. An extremely
strong northeast storm occurred off the
coast of New England on 29 October 1991.
This storm may have increased the vul-
nerability of some species, especially
winter flounder, to impingement. Ap-
proximately 45% of 2311 the winter fioun-
der impinged during 1991 were impinged
in October, and the majority of these
were collected during and immediately
after the storm (Ken Dow, YAEC, pers.
comm. ). No winter flounder were im-
pinged in October of 1990. Storm events
have been associated with increased
impingement in freshwater (Lifton and
Storr 1977; Thomas and Miller 1976).
Winter flounder impingement was associ-
ated with storm events and sudden de-
creases 1in water temperature at the
Millstone Nuclear Generating Station
{(NUSCo 1987). The mechanism for the
increased impingement during storm
events is unknown, but it is possible
that increased wave activity and turbid-
ity disorients fish fdincreasing their
off-bottom activity and making them more
vulnerable to impingement.

Finfish Populations

Significant differences in CPUE were
detected between the preoperational and
operational periods for most of the
selected species. In addition, signifi-
cant differences among stations were

also detected for several of the select-
ed species. However, none of these
significant differences appeared attri-
butable to the operation of Seabrook
Station because the Preop-0Op X Station
interaction term was not significant for
any species. The significant differen-
ces between the preoperational and oper-
ational periods occurred at all sta-
tions, indicating that a mechanism that
operated on a wide geographic scale was
responsible for the changes in CPUE,
Similarly, significant differences among
stations occurred during both the preop-
erational and operational periods indi-
cating that differences in habitat were
responsible for the oifferences in CPUL.

CPUE was significartly different be-
tween the preoperational and operational
periods for Atlantic herring captured in
gill nets and winter flounder captured
in otter trawls. There were no signifi-
cant differences among stations. It is
unlikely that the significant differen-
ces between the preoperational and oper-
ational periods were due to the opera-
tion of Seabrook Station because it was
expected that any impact caused by plant
operation would occur only at the near-
field station, which would result in a
significant Preop-Op X Station interac-
tion term. The cause of the significant
differences between the preoperational
and operational periods probably func-
tioned on & larger geographic scale than
the study area. Recent over-exploita-
tion of commercial fish stocks in the
Guif of Maine and Georges bank may be
cause of the differences in CPUE ob-
served between the preoperational and
cperational periods in the study area.
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Similarly, for Atlantic mackerel cap
tured in gill nets, rainbow smelt cap-
tured in otter trawls, and Atlantic
silverside captured in seines, CPUE was
significantly different only among sta-
tions. However, the magnitude of the
significant differences among stations
was constant between the preoperational
and operational periods, and therefore
apparently not due to the operation of
Seabrook Station. Differences in habi-
tat among stations that did not change
between the preoperational and opera-
tional periods would account for signif-
icant differences in CPUE among sta-
tions.

For a larger group of species includ-
ing Atlantic cod, hake sp. and yellow-
tail flounder captured in otter trawls,
and winter flounder captured in seines,
there were significant differences in
CPUE between the preoperational and
operational period, and among stations.
However, the significant differences
could not be attributed to the operation
of Seabrook Station. Significant dif-
ferences in CPUE occurred when there
were temporal changes in the abundance
of a species that operated on a larger
geographic scale than the study area,
and there were differences in the habi-
tat among stations that occurred during
both the preoperational and operational
periods.
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Figure 3.3.1-1. Monthly means and 95% confidence limits for

measured
in Boston, MA, from 1978-1991 and surface salinity and temperature
taken at low tide in Browns River from May 1979-December 1991.

Seabrook Operational Report, 1991.
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MEAN MONTHLY SEAWATER SURFACE TEMPERATURE (°C) AND SALINITY (ppt)

TAKEN IN SROWNS RIVER AND HAMPTON HARBOR AT WIGH AND LOW TIDE,

TABLE 3.3.1-1.

SEABROOK BASELINE REFORY, 1991.
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in Browns River ranged from 1.1 # 0.5°C
in January to 22.1 = 1.0°C in July dur-
ing the study period (Figure 3.3.1-1).
In 1991, monthly temperatures were
s1ightly above the overall years' aver-
age for eleven months and below average
only in November (Figure 3.3.1-1). The
annual mean temperature 1 -81 was the
second warmest of the twelve-year study
period following 1990 (Table 3.3.1-2).

In Hampton Harbor, the overall average
monthly temperatures and 95% confidence
intervals at low tide ranged from 1.1 %
0.5°C in January to 18.B % 0.7°C in
August during the study period (Table
3.3.1-1). Due to its proximity to the
inlet, the temperature range in Hampton
Harbor was not as great as Browns River.
The low-tide twelve-year average temper-
ature and 95% confidence interval from
1980 to 1991 was 10.2 £ 1.0°C (Table
3.3.1-2). Low-tide mean temperature in
1991 was the warmest during the twelve-
year study period.

3.3.1.2 Macrofauna

Subtidal and intertidal estuarine
benthic species composition at nearfield
stations (3 and 3MLW) in Browns River
and farfield stations (9 and 9MLW) in
Mill Creek were typica) for quiet, tidal
creeks with fine-grained sediments on
the East Coast (Watling 1975, McCall
1677, Whitlatch 1977, Santos and Simon
1980). Sediment at subtidal stations
was generally fine sand with organic
carbon ranging from 1.0 to 2.7%. At
intertidal stations the sediment usually
varied between fine sand and silt with
organic carbon ranging from 1.6 to 5.9%
(NAT 10B5b). Spatial distribution of

organisms was very patchy. and large
population fluctuations occurred among
sampling periods as is typical in estu-
arine habitats. The most numerous spe-
cies inhabiting estuaries are those that
are resistant and resilient to natural
changes in the physical environment,
such as fluctusting salinity, sediment
grain size and temperature. The poly-
chaete Streblospio benedicti was the
most abundant species in the estuary,
and comprised 7 to 9% of the total den-
sity at both intertidal stations, and 14
to 22% of the total density at both
subtidal stations over all years (Table
3.3.1-3). Oligochaeta and Capitella
capitata were also present in very high
numbers. The clam worm Hediste diver-
sicelor was very abundant intertidally
in Browns River. The soft-shelled clam,
Mya arenaria, was also present in sub-
stantial numbers at both sampling loca-
tions, especially Mill Creek (Table
3.3.1-3),

Total density (number of individuals/
m?) of a1l macrofauna)l organisms showed
year-to-year variations during the four-
teen-year study period. These varia-
tions appear to be related to area-wide
environmental trends, since major chang-
es often occurred simultaneously in both
Browns River and Mill Creek (Table
3.3.1-3). Annugl variations in tota)
density were significant at all four
stations (Table 3.3.1-4) with one-way
ANOVAs. 1In 1991, total density was well
within the range of natural variability
at each station.

The mean number of taxa collected
annually at each of the four stations
ragnged from 16 to 47 during the four-
teen-year study period (Table 3.3.1-3).

3-128



6Z1-¢

TABLE 3.3.1-3. MEAN NUMBER OF TAXA AND THE GEOMETRIC MEAN DENSITY (No./m) FOR EACH YEAR AND OVERALL YEARS WITH 95X
CONFIDENCE LIMITS FROM ESTUARINE STATIONS AT BROWNS RIVER (3) AND MILL CREEK (9) SAMPLED FROM 1978 THROUGH 1991
(EXCLUDING 1985). SEABROOK OPERATIONAL REPORT. 1991,

STATION 1978 1979 1980 1981 1982 1983 1984 1986 1987 1988 1989 1990 1991 MEAN  UPPER LOWER

Mean No.
of Taxa® 3 35 41 38 a2 47 32 27 38 33 38 3a 35 32 37 3e 34
9 26 34 &7 44 34 36 21 36 20 27 25 3 30 32 35 29
IMLW 28 37 3 38 35 28 18 32 23 n n 28 25 30 32 27
IMLW 28 35 3s “ 36 33 21 36 6 29 29 36 25 n 33 z28
MEAN 29 37 18 4 38 32 22 35 23 3 n 3L 28 12 33 3
Total Dens lty' 3 3170 4616 4978 5360 933 2635 1244 1182 1198 3472 2583 1707 1889 2739 3538 212
9 3619 2209 14.767 11,277 4335 4533 620 2819 726 4764 1878 26488 5373 3213 LLLEY 2220
IMLE 4260 6136 5695 6833 8022 2723 2187 5632 1727 3936 £940 1778 6834 4270 5393 hE1N)
IMLW 3120 4512 6947 12,189 11,383 11,151 513 4203 653 611§ 7528 3845 3572 5038 7033 3609
MEAN 3514 4099 7344 B4zZa 7796 4364 1715 2980 995 a7 1390 2321 3967 I7Tn 4318 383
Streblospie 3 367 123 193 525 1064 552 239 99 66 550 m 56 462 244 367 162
benedict! e 106 26 2396 525 a8 538 16 161 “9 Th4 167 400 1612 21 426 105
IMLW 439 505 1m0e 928 3584 525 535 1420 316 1306 3227 25% 30 Q20 1381 613
GMLW 566 434 456 2700 2354 3215 1560 1299 11 a4 393 1023 604 702 1264 335
314 163 68« 912 925 842 242 415 58 794 445 278 1105 427 565 324
0l igochaets 3 242 270 204 651 2189 556 225 95 133 768 301 156 233 3N 458 2n
9 16 100 2910 969 1058 1603 162 528 3 272 233 260 525 339 57% 200
IMLW 87 186 3 320 350 292 382 968 218 322 409 48 197 253 384 166
IMLW 574 8o 1067 861 565 2877 572 742 161 s 2888 362 610 705 1128 46
MEAN 119 253 &7 H46 823 ERa 298 437 157 392 537 163 348 370 465 2%9%
Capitelle 3 11 63 123 473 889 216 6% 73 57 105 72 16 33 LL] 144 L]
capitata 9 238 29 2653 277 M 176 28 808 113 1530 262 259 479 281 YA 168
3MLW 17 29 138 244 540 208 124 197 26 LY 27 24 9 &6 ios 4
IMLW 279 45 125 320 276 800 303 234 19 1068 173 “66 143 FALY 346 132
MEAN 60 40 269 38 443 341 a1 228 42 299 98 84 71 135 175 104

{cont inued )
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TABLE 3.3.1-3. (Centinued)

Akl XEARS®

STATION 1978 1979 1980 1981 1982 1983 19864 1986 1987 1988 1989 1990 1991 MEAN UPPER LOWER

Coullertelle 3 330 220 835 1 2 3 12 9 1 101 7 6 24 18 40 -
sp. B k] 10 “0 a6 292 136 35 7 1" 3 16 “ 4 75 21 a4 10
IMLW 106 174 607 3 23 52 an 255 87 264 80 28 4 60 110 32

GMLW L] 298 48 a3 1634 278 325 307 1 21 2 8 8 a4 102 19

MEAN a2 147 183 17 64 37 34 53 ] 54 10 9 16 32 L1] 22

Kediste 3 a3 172 158 352 452 45 50 52 43 128 52 38 b4 91 130 b4
diversicolor - 21 29 @1 205 4l ? 7 43 2 33 29 8 4% 23 37 14
IMLw 800 1343 1169 1613 978 220 296 987 150 523 1235 199 1906 662 1005 “37

IMLW 170 164 101 241 135 5?7 513 184 6 29 93 18 30 79 129 4“s

MEAN 125 183 167 410 223 45 89 143 18 90 115 33 118 103 137 78

Hye arenarie 3 69 158 a2 181 132 75 n FA 30 12 3s 66 7 48 73 32
9 265 427 299 2646 148 168 157 34 53 83 69 208 48 131 192 90

IMLW 106 224 26 179 17 103 22 13 27 12 73 25 22 a7 75 29

IMLW 100 328 62 400 141 70 86 13 73 39 425 266 102 109 167 72

AAL 265 82 237 134 e8 55 19 42 26 93 98 30 76 94 6

Spio setesa 3 38 39 65 155 159 120 113 151 m 244 447 334 376 144 203 102
s 50 59 287 346 170 16 3 75 6 1S 236 110 158 74 141 38

3IMLW 7 9 R 6 4 8 2 akh 25 a6 24 26 8 12 20 ?

GMLW 54 59 43 78 “8 30 8 65 2 32 &1 "7z a6 36 6! 2!

MEAN 30 33 51 72 51 26 10 76 16 104 102 103 70 47 62 35

‘Yonrly mean number of taxa *= mean of three seasonal totals (where seasonal total = total number in all five 1716 m

brcvl icates combined)

Yearly mesn density = mean of thres seasonal means (where seascnal mean = mean of five replicates)

1

All years mean = mean of 39

x 13 years)
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Annual variations in the number of taxa
were significant at each station (Table
3.3.1-4). Number of taxa in 1991 was
below the fourteen-year average at each
station, ranking in the lowest group
with the Waller comparison test (Table
3.3.1-4). However, 1991 was within the
fourteen-year range for each station
(Table 3.3.1-3). Annual changes in the
number of taxa were generally similar at
all four stations for most of the study
period, particularly for years of ex-
tremes in salinity or precipitation.

Streblospio benedicti is a8 cosmopoli-
tan, opportunistic polychaete (Grassle
and Grassle 1974), and one of the first
to colonize after a perturbation of the
environment (Rhoads et al. 1978). It is
the most abundant species in the estu-
ary, and extremely high densities oc-
curred during any season at both inter-
tidal and subtidal stations. Such high
densities were rarely sustained into the
next sampling period, causing tremendous
population fluctuations (NAl 1987b).
With such high seasonal variation, no
significant differences among years were
found at two out of four stations.
Population decreases in some years coin-
cided with low salinities, which may
have impeded recruitment. In 1991,
densities increased greatly over 1990
lows at Browns River, and were well
above average at three oput of four sta-
tions (Table 3.3.1-3). Intertidal den-
sities were at least 3 times higher than
subtidal densities when averaged over
211 years (Table 3.3.1-3).

The . ass Oligochaeta is a species
complex that is abundant in the estuary,
with no evidence of annual trends. The
seasonal cycle of oligochaetes indicated

that peak densities occurred during any
season (NAI 1987b), but were not sus-
tained. No consistent differences in
densities were found between Browns
River and Mill Creek stations (Table
3.3 273F) s Likewise, no significant
differences occurred among years, except
at Station 9 (Table 3.3.1-4). when
examining the yearly densities, popula-
tion fluctuations were not consistent,
probably because they were represented
by more than one species. O0ligochaete
densities in 1991 were within the 95%
confidence 1imits of the overall mean.

The opportunistic polychaete Capitella
capitata was common at both intertidal
and subtidal stations and typicaily
showed large annual population fluctua-
tions. Browns River densities were
usually lower than densities at Mill
Creek (Table 3.3.1-3). Significant
differences were found among years at
all stations except the subtidal station
in Browns River (Table 3.3.1-4). In
1990 and 1991, densities in Browns River
were very low, and @ new all-time low
was set at the intertidal station in
1991. In Mill Creek, the 1990 and 1991
densities were within the range of the
study period (Tables 3.3.1-3,4).

Caulleriella sp. B is a polychaete
that was occasionally abundant in the
estuary. It rarely sustained densities
of over 100/m? for more than three con-
secutive years. Significant differences
among years occurred at all stations
except the subtidal station in Mil)
Creek (Table 3.3.1-4). In 1981, densi-
ties at both subtidal stations increased
markedly, while intertidal densities
remained low (Teble 3.3.1-3).
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The clam worm, Hediste diversicolor,
is @ euryhaline species that is most
common intertidally where there is 23
mixture of fresh and salit water (Petti-
bone 1963). It is an omnivore, fre-
quently abundart in nutrient rich areas,
and has been considered an opportunist
and an indicator of pollution (Hull
1987). Both intertidal and subtidal
stations at Browns River had substan-
tially higher densities than stations of
comparabie depth at Mill Creek (Table
3.3.1-3). Intertidal stations had high-
er densities than subtidal statiens
(Table 3.3.1-3), particularly Station
3MLW in Browns River. Highly signifi-
cant differences among years occurred at
all stations except Station 3MLW, where
H. diversicolor was most abundant (Table
3.3.1-4). Densities at Station 3MLW
reached an a11-time high in 1991, while
remgining 2t or below average at the
other three stations.

Mya arensria, the soft-shelled clam,
had important recreational value until
1989, when Hampton Harbor flats were
closed due to coliform contamination
(Section 3.3.7). Mya spat (<5 mm) and 2
few yearling clams (<12 mm) are the
predominant life stages in estuarine
samples. Densities of Mya spat were
statistically similar among years at
Stations 3MLW and 9 (Table 3.3.1-4).
Densities were usually higher in Mill
Creek than in Brow.s River (Table 3.3.1-
3). Mys densities in 1991 were well
below average at three out of four sta-
tions, but within the range of previous
years, with the exception of Station 3.

Substantial variability has occurred
throughout the estuary in total density,
number of taxa, and density of the domi-

nant species. As these changes were not
site-specific, and tended to occur si-
multaneously at Browns River and Mill
Creek (except in 1983), they can be
related to area-wide environmental vari-
ables such as precipitation and corre-
sponding salinity changes, temperature,
and abundance of predators and competi-
tors. The largest abundances for most
of the estuarine polychaetes, and high-
est total density, and number of taxa in
both Browns River and Mill Creek oc-
curred during the period of low precipi-
tation and highest salinity (1980-1983).
By 1986, physical and biologica parame-
ters had returned to the pre-1980 condi-
tions. In 1984 and 1987 the most pro-
nounced drops in density and number of
taxa which occurred during the study
period seemed to be related to high
precipitation and low salinity. These
biological parameters recovered, and
approached the average range within one
or two years (NAI 1991b). In 1961, a
year of slightly below-average salinity
and near-average precipitation, densi-
ties were typically within normal range,
except at Station 3MLW in Browns River
where Hediste diversicolor reached an
a11-time high, and Capitella capitata
reached an all time low. Mya arenaria
was at an all-time low at Station 3.
The number of taxa in 1991 was below
average at 311 four stations.

- P P B ff f Pl ration

Salinity and temperature monitored in
Browns River and Hampton Harbor showed
similar seasonal trends in 1991 to pre-
vious years. Annual mean temperatures
in 1991 at Tow tide were well above the
overall average in Browns River @nd
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Hampter Harbor, paralleling trends in
offshore temperatures (Section 3.1.1)
and air temperatures (Boston Globe
1992). Salinity was affected by heavy
rains in Auygust of 1991, following Hur-
ricane Bob, and again in September,
leading to Tower-than-average salinities
during these months (Figure 3.3.1-1).

In Mill Creek and Browns River, the
biological parameters measured were
highly variable seasonally and annually,
with number of taxa, total density, and
density of most of the dominant species
significantly different among years and
between stations. [PResults in 1991 in
Browns River were within the variability
observed in previous years, and similar
to Mill Creek. This indicates that
effects from the 1imited plant discharge
into the Browns River are not negatively
impacting the indigenous benthic popula-
tion.

3.3:.2 Marine Macroalgae

. 5 1% I Macroalgal Community

Number of Taxa

The number of taxa is an important
measure of community diversity. Macro-
algae taxa richness is measured two
ways. Although & qualitative measure,
the number of taxa from "general collec-
tions" represents the maximum number
occurring at a station during a given
season, depending on the visibility and
other factors affecting collection effi-
ciency. The number of taxa collected
from destructive samples represents a
quantitative measure in 3 1/16 mz ares,

1d thus can be statistically tested.

Number of Taxa: neral 1lection

A total of 128 taxa has been collected
during the preoperational study from
1978 through 1989 in general collections
(NAI 1990b). No new taxa were collected
in 1990 or 1991. This number includes
plants not identifiable to the species
level that were placed in g<nera or
higher classifications. Historically,
(through 1989) over half (51%) of these
taxa were red algae (Rhodophyta), with
the remainder divided almost evenly
between brown algae (Phaeophyta, 27%)
and green algae (Chlorophyta, 22%)(NAI
1990b). This proportion is typical for
the New Hampshire coast (Mathieson and
Hehre 1986). In 1991, the proportions
were similar. More than half of the
species were red algae (55%), more than
one quarter brown algae (26%), and the
remainder (19%) were green algae (NAI
1992>.

In 1991, numbers of taxa from general
collections were below the median value
for the preoperational period at aimost
311 of the stations, although most were
within the range of previous years.
Numbers of taxa in 1991 were the lowest
ever recorded at the nearfield intertid-
a1 Station BIMLW and mid-depth Station
Bl16. However, numbers of taxa in 1991
increased over the low values in 1990 at
eight of the twelve stations. A de-
crease in the annusl number of taxa was
first noted in 1989, when the number of
taxa at half of the stations was lower
than the lowest recorded annual value
(NAI 1990b). This trend continued in
1990, when the numbers of taxa were the
Tovest ever recorded at half of the
stetions (Figure 3.3.2-1).
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Figure 3.3.2-1. Preoperational (through 1989) median and range ana 1990 and 1991 values of
number of taxa collected in triannual general collections at Stations BIMSL,
BIMLW, B17, B19, B31 (1978-1991), BSMSL, BSMLW, B35 (1982-1991),
and annual collections at B16 (1980-1984; 1986-1991), B13, B04 (1978-1984;
1986-1991) and B34 (1979-1984; 1986-1991). Seabrook Operational Report, 1991.
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In 1991, numbers of taxa were highest
at the farfield intertidal (MLW) and
both shallow subtidal stations. Lowest
numbers of taxa were found at the deep
stations and high intertidal (MSL) sta-
tions. During the preoperational peri-
od, numbers of taxa were highest in the
intertidal MLW zone, and generally de-
creased with increasing depth (Figure
3.3.2-1). This pattern was consistent
with other New Hampshire studies
(Mathieson et al. 1981). Declining
numbers of taxa has made spatial differ-
ences less clear-cut.

Nearfield/farfield differences in
numbers of taxa from general collections
in 1991 followed previously-observed
trends. The numbers of taxa collected
at corresponding nearfield and farfield
shallow subtidal and deep stations were
closely related, during both the preop-
erational peried and in 1990 and 1961.
In the intertidal zone, the nearfield
station (BIMLW) had fewer taxa at the
approximate mean low water mark and a
greater number of taxa at mean sea level
than its farfield counterpart at Rye
Ledge (BSMLW), a trend that continued in
1990 and 1991 (Figure 3.3.2-1). In the
mid-depth zone, fewer taxa have been
recorded throughout the study at the
station near the intake (Station Bl6)
than at the discharge and farfield sta-
tions (B19 and B31), This may be due in
part to fewer annual collections at Blé
(once per year) than at B19 and B3l
(three times per year). In 1990 and
1991, the number of taxa at the near-
field mid-depth station (B19) was close
to that at B16 and Tower than at the
farfield (B31) station.

Number of Taxa: Quantitative Samples

Numbers of taxa from August quantita-
tive samples collected at shallow Sub-
tidal and deep stations during the oper-
ational period were not significantly
different from the preoperational period
{Tables 3.3.2-1,2), paralleling trends
in the general algae collections (Figure
3.3.2-1). Collections at both intertid-
al (MLW) stations had significantly
lower numbers of taxa during the opera-
tional pericd when compared to previous
years (Tables 3.3.2-1,2), as was first
noted in 1990. At mid-depth Stations
B31 and B16, numbers of taxa during the
operational period were not statistical-
ly different from the preoperational
period. However, at the nearfield Sta-
tion B19, numbers of taxa were signifi-
cantly reduced during the operational
period.

Total Biomass

The effect of light on the quantity of
macroalgae was evident from the inverse
relationship between total biomass and
depth. During the operational period
(1980 and 1991), August total biomass
values have been highest in the inter-
tidal and shallow subtidal areas. and
lowest at deep stations, consistent with
previous years (Table 3.3.2-1). Howev-
er, in the intertidal zone, total
biomass was significantiy lower during
the operational period at the nearfield
station, whereas biomass at the farfield
station during the operational period
(1990 and 1991) was not significantly
different from previous years (Table
3.3.2-2). Total biomass in 1991 in-
creased over the low values noted in
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TABLE 3.3.2-1. PREOPERATIONAL MEAK AND 95% CONFIDENCE LIMITS AND 1990 AND 1991 MEAN NUMBER OF TAXA,
TOTAL BIOMASS, AND CHONDRUS CRISPUS BIOMASS COLLECTED AT INTERTIDAL, SHALLOW
SUBTIDAL, MID-DEPTH, AND DEEP BENTHIC STATIONS. SEABROOK OPERATIONAL REPORT, 1991.
PREOPERATIONALC OPERATIONAL

PARAMETER/TAXON DEPTH ZONE STATIONS LeL x ucL 1990 «x 1991 x
Number of taxaaz Intertidai BIMLW 9.8 10.9 12.0 10.6 8.4
(no. per 1/16 m<) BSMLW 16.4 17.9 19.4 13.4 14.0
Shallow subtidal B17 10.7 11.3 11.9 10.2 11.2

B35 14.2 15.2 16.2 14.2 13.2

Mid-depth B19 9.7 10.1 10.6 8.2 9.2

B31 10.6 11.0 11.4 10.2 12.2

B16 8.6 9.0 9.4 9.8 8.0

Deep BO4 7 ed 7.6 7.9 7.8 6.6

B13 7.6 7.9 8.2 8.4 6.6

B34 7.3 7.7 8.0 7.6 7.8

Total biomass? Intertidal BIMLW 1166.0 1296.3 1426.6 729.5 979.5
(g/m<) BSMLW 1080.7 1208.3 1336.0 900.8 1110.1
Shallow subtidal B17 1129.2 1200.9 1272.6 1176.6 1417.1

B35 1043.3 1168.6 1293.9 1215.3 1181.9

Mid-depth B19 277.2 311.3 345.3 418.9 460.0

B31 415.7 471.9 528.2 286.3 384 .3

B16 588.3 779.8 871.3 665.6 525.0

Deep BO4 89.3 99.7 110.0 $9.8 87.8

B13 80.6 9.0 111.5 142.7 122.9

B34 55.6 71.4 87.1 42.1 24.5

Chongrus crispus?  Intertidal BIMLW 787.5 908.7 1029.8 363.0 884 .1
(g/m*) BEMLW 6544 .9 787.8 930.8 404.7 688.9
Shallow subtidal B17 553.4 644 .1 734.8 528.9 575.2

B35 413.6 477.3 541.1 573.1 338.0

Mid-depth B19 0.3 1.4 2.5 1.1 1.1

B31 77.9 999 121.9 31.9 33.6

a
b

Cpreoperational, 1978-1989
1982-1989; Station Blé6:
1979-1984, 1986-1989)

August only

Triannual samples, intertidal, shallow and mid-depth subtidal only.

eriod (Stations BIMLW, B17, B19, B31:
1980-1984, 1986-1989; Stations B13, B04:

deep stations.

B35:
B34:

Rarely collected at

1978-1989; Stations BOSMLW,
1978-1984,

1986-1989;
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TABLE 3.3.2-2.

RESULTS OF ANALYSIS OF VARIANCE OF NUMBER OF TAXA

(per 1716 m®) AND TOTAL BIOMASS (g per w’) OF MACROALGAE CGLLECTED IN

AUGUST AT INTERTIDAL, SMALLOW SUBTIDAL. AND DEEP STATION PAIRS, 19278-1991.

SEABROOK OPERATIONAL REPORT, 1991.

PARAMETER DEPTH ZONE SOURCE OF VARIATION af SsS e MULTIPLE COMPARISONS
(STATION) {Ranked in decreasing order)
Number of Taxa Intertidal Precp-0p” | 86 4 12.01%%%  Preacp>Op
(BIMLW, BSMLW) Station 1 390.8 54 31%x%  BIMLW>BSMLW
Year (Preop-0p)°© 12 1075 .9 12 46%%%
Station X Preop-0Op® 1 9.3 1.30 NS
Error 100 719 .6
Shallow Preop-Op 1 11.6 2.60 NS
Subtidal Station 1 156 .6 34 93%xx B35BT
(B17. B3IS) Year (Preop-Op} 12 270 4 5 03xx
Station X Preop-Op 1 0.3 0.79 NS
Errer 100 %48 3
Mid-depth Preop-0Op 1 5.4 2.79 NS
(B16. B19, B31) Station 2 89.9 23 36%wx B31 Op B3! Pre B19 Pre B16 Pre 815 Op 819 Op
Year (Preop-Op) 12 135 & S . B5%EN
Station X Preop-Op 2 13.2 1. 42%
Error 172 331 .1
Desp Freop-Op 1 1.6 1.45 NS
(B04., B34, B13) Station 2 1.8 0.82 NS
Year (Preop-Op! n 540 6 4aEuN
Station X Preop-Op 2 1.6 0 .48 NS
Error 173 191.2




TABLE 3.3.2-2. (Continued)
PARAMETER DEPTH ZONE SOURCE OF VARIATION df 55 e MULTIPLE COMPARISONS
(STATION)
Total Biomass intertidal Preop 1 751,180 .2 9 34wx
(BIMLW, BSMLW) Station \ 90,185.6 1.12 NS B! Pre BS Op BS Pre B! Op
Year (Preop) 13 12,948,741 .7 13 4l1wxs
Station X Preop 1 811,697 .6 10 09%=»
Error 100 8,0643.731.6
Shalliow Preop 1 44,040 .7 0.54 NS
Subtidal Station 1 55.065.8 0.67 NS
(B17. B3S) Year (Preop) 1" 2,434,838.5 2 4Bwx
Station X Preop ! 26,431 ) 2.30 NS
Error 100 8,174,732 .8
Mid-depth Preop ' 98,890 7 2.5 NS
(B16, B19, B31) Station 2 1,966,7645.5 24 .96%%% B16 Pre B16 Op B31 Pre B19 Op B31 up BIS Pre
W Year (Preop) 12 1.647,976.7 3 49%En
P Station X Preop 2 476,333 .3 6.07%x
s Ervor 172 6,776.120.7 g
- Neep Preop 1 1,208 4 0 54 NS
(BO4, B34, B13) Station N 66,827 9 14 Baxxx BI3 Op BOG Pre B13 Pre BO04 Op B34 Pre Els Op
Year (Precp) 1 59,659 4 2. 41%%
Station X Preop 2 25.067 .3 5. 58xx
Error 173 388,550.0

*Precp-Op = 1990 and 199] vs. preoperational (1978-198%9) period (Stations BIMLW. B17, R19, B31: 1978-1989;
Stations BSMLW. B3S, 1982-1989: Station B16: 1980-1984, 1986-198%; Stations B13, BO4:. 1978-1984,
1986-1989; B34:. 1975-1984, 1986-1989)

"Stations within depth zone

:Yo.r nexted within preoperational and operational periods regardless of area

intersction between main sffects

*NS = Not significant (p>0.05)
% = Significant (0 052p>0 0V)

*% = Highly significant (0 012p> 001)

¥¥¥ = Very highly significant (ps 001}
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1990, and although less than the preop-
erational average, was within the range
of previous years (Table 3.3.2-1, NAl
1991b). Total biomass at the shallow
subtidal stations showed no significant
changes in 1990 and 1991 when compared
to previous years. Changes in total
biomass in the mid-depth zone were not
consistent among stations (Tables 3.3.2-
1,2). Total biomass was significantly
lower during the operational period than
during the preoperational period at
Station B16, 21though still higher than
the Towest value of 368 gim2 reported in
1984 (NA] 1985a). However, at B19 and
B31, total biomass during the operation-
al period was not statistically differ-
ent from previous years. At the deep
stations, total biomass was significant-
ly higher during the operational period
at B13 than during the preoperational
period. At B34, however, biomass was
significantly lower during the opera-
tional period than during the preopera-
tional period. At nearfield station BO4
there was no significant difference
between operational and preoperational
biomass levels.

Community Analysis

The focus of the multivariate communi-
ty analysis was to determine if plant
operation had caused changes in the
species assemblages typically found in
each depth z2one. The algae community
during the operational period (1990 and
199]1) was judged to be similar to previ-
ous years if 1990 and 1991 collections
at 8 given station were placed with the
majority of collections from the pre-
operational period. This wag true in
almost all cases.

The intertidal algae community has
been stable at both nearfield and far-
field areas (BIMLW and BSMLW) since the
study's beginning (Figure 3.3.2-2, Table
3.3.2-3). Chondrus crispus was the
overwhelming dominant, and Mastocarpus
stellatus a secondary dominant in 1990
and 1991, similar to the preoperational
period. C. crispus group 1 biomass was
lTower during the operational period in
comparison to the preoperational mean
{(Table 3.3.2-3), but includes the excep-
tionally low values recorded in 1990
(NAT 1991b).

At the shallow subtidal stations (B17
and B35), community composition during
the operational period, as well as dur-
ing the preoperational period. Chondrus
crispus was alse the dominant species at
this depth, with Phyllophora spp. the
second most abundant species, both dur-
ing preoperational and operational peri-
ods. C. crispus biomass in August 1991
has apparently recovered from Jlower-
than-average values noted in 1990 (NAI
1991b), resuiting in a group 2 opera-
tional mean that is similar to that of
the preoperational period.

The mid-depth arex has been character-
ized by a predominance of Phyllophora
spp., and decreased amounts of Chondrus
crispus in comparison to shallower com-
munities. Secondary dominants differen-
tiate the thre2 mid-depth stations. The
intake station (B16) in most years has
been characterized by Phyllophora spp..
along with Phycodrys rubens as & second-
ary dominant (Table 3.3.2-3). Moderate
amounts of three traditionally shallow-
subtidal species (Cystoclonium pur-
pureum, Ceramium rubrum and Chondrus
crispus) differentiate this station from
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Figure 3.3.2-2. Dendrogram and spatial groups by year formed by numerical classification of
August collections of marine benthic algae, 1978-1991. Seabrook Operational

Report, 1991,
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TABLE 3.3.2-3.

SUMMARY OF SPATIAL ASSOCIATIONS IDENTIFIED FROM NUMERICAL CLASSIFICATION (1978-1991)
OF BENTHIC MACROALGAE SAMPLES COLLECTED IN AUGUST. SEABROOK OPERATIONAL REPORT, 1991.

WITHIN/ GROUP BIOMASS (g/m?)
DEPTH MEAN BETWEEN e
ZONE STA- DEPTH YEARS GROUP bPREOP‘ b op
(GROUP) TIONS (m) INCLUDED SIMILARITY DOMINANT TAXA MEAN ct MEAN
Intertidal
(1) BIMLW MLW 1978-19%7/ .32 Chondrus crispus 986188583 .64
BSMLW MLW 1982-1991 Mastocarpus stellallS108386.91
Corallina officinalis 51.25 31.30 17.75%
Shallow
Subtidal
(2) B17 4.6 1978-1991 .757.55 Chondrus crispus 774.22 i11.65 660.72
B35 1982-1991 Phyllophora spp. 204.73 61.90 348.71
o Ceramium rubrum 69.29 20.72 51.75
- Cystoclonium purpureum 56.59 41.12 91.78
b Corallina officinalis 51.58 23.24 37.25
Mid-depth
Intake
(3) Bl6 9.4 1980-1983; .80/.68 Phyllophora spp. 429.87 93.92 369.02
1986-1990 Phycodrys rubens 203.80 72.19 215.46
Chondrus crispus 61.16 33.95 17.60
Cystoclonium purpureum 49 .39 27.86 28.90
Ceramium rubrum 37.08 23.41 2.21
Callophyllis cristata 32.73 10.02 19.30

{continued)



TABLE 3.3.2-3. (Continued)

WITHIN/ GROUP BIOMASS (g/m?)
DEPTH MEAN BETWEEN
ZONE STA- DEPTH YEARS GROUP gnsop‘ b op€
(GROUP) TIONS (m) INCLUDED SIMILARITY DOMINANT TAXA MEAN Ccl MEAN
Mid-depth
Discharge/
Intake
(4) B19 9.4- 1978-1991 .77/ .68 Phyllophora spp. 201.79 34.84 279.86
12.2 Chondrus crispus 3.29 3.96 0.19
Phycodrys rubens 1.64 17.87 122.38
Bl16 1984 ,1991 Corallina officinalis 14,52 4.26 5.17
Callophyllis cristata 13.89 6.00 14.27
Ptilota serrata 15.58 5.84 8.96
w Cystoclonium purpureum 5.93 4.03 29.30
L Mid-depth
& Farfield
(5) B31 9.4 1978-1991 .81/.65 Phylleophora spp. 213.17 64 .66 1%0.54
Corallina officinalis 97.77 26.70 84.90
Chondrus crispus 114.80 42.26 £9.71
Phycedrys rubens 22.93 5.49 15.52
Deep Intake
(6) B13 18.3 1978-1984; .67/.54 Phyllephora spp. 68.85 23.77 109.71
1986-1991 Ptilota serrata 11.54 3.96 11.63
Phycodrys rubens 5.82 2.95% 7.60
Deep Discharge/
Farfield
(7 BO4 18.9- 1978-1984; .67/.54 Ptilota serrata 64.00 18.27 38.69
21.0  1986-1991 Phyllophora spp. 10.97 5.04 10.65
R34 1979-1984; Corallina
1986-1991 officinalis 6.86 3.59 1.10

3preop = preoperational, 1978-1989 period (Stations BIMLW, B17, B19, B31: 1978-1989;

b
Cop= 1990 and 1991

Stations BSMLW, B35:
1989; Station Bl6: 1980-1984, 1986-1989; Stations B13, BO4: 1978-1984, 1986-1989; B34: 1979-1984, 1986-1989)
Mean and 95% confidence interval

1982-
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B19 and B31. However, in 1891, as in
1984, the community composition at Blé
was more similar to the mid-depth dis-
charge station (B19). In both years,
this was due to lower-than average lev-
els of C. crispus and C. rubrum (Table
3.3.2-3; NAl 1985a, 1992). Higher-than-
average levels of mid-depth species P.
rubens and Phyllophora spp. also con-
tributed to the difference in 1991 (NAI
1992).

Phyllophora spp. also predominated at
the discharge station B19, along with P.
rubens. Community composition during
the operational period was similar 1o
previous years. Community composition
at the farfield mid-depth station, while
similar to other mid-depth stations, was
distinct. Phyllophora spp. was the most
abundant taxor, as at the other mid-
depth stations. Moderate amounts of
Corallina officinalis and C. crispus,
and Tow amounts of P, rubens distin-
guished this area from its nearfield
counterpart. Although this farfield
station cannot strictly be considered as
3 "control™ station because of its dif-
ferences from the nearfield station, it
is wuseful for monitoring area-wide
trends. Community composition at B3l
during 1990 and 1991 was similar to all
previous years, indicating that the
species assemblage here shows little
year-to-year variability.

Community composition at nearfield and
farfield deep stations (B0O4 and B34) in
1990 and 1991 was similar to previous
years., Ptilote serrata, the dominant
species during the precperational peri-
od, continued to predominate in 1991.
Average P. serrata biomass for the group
during the operational period was ap-

proximately 60% of the preoperational
average. However, reductions in P.
serrata biomass occurred only at the
farfield station; nearfield biomass
values were similar to previous years
(NAT 1991a, 1992).

Despite 1its 1B8-m depth, the algae
assemblage at the deep intake Station
B13 was composed mainly of the mid-depth
species Phyllophora sp. The presence of
moderate amounts of typically-deep spe-
cies Ptilota serrata suggests it is a
treansition zone between mid-depth and
deep areas. No change in community
composition was noted during the opera-
tional period.

In order to monitor the algal communi-
ty for new or infrequently occurring
species that might bloom to "nuisance®
levels, the occurrence of rare taxa was
also examined. Twenty-four species out
of a total of 128 occurred sparsely
(less than 1.7% frequency) in the bio-
mass collections from 1978 to 1989 (Ta-
ble 3.3.2-4). Two taxa appeared more
frequently in 1990 and 1991 than in
previous years. Bonnemaisonia hamifera,
a relatively uncommon taxon that was new
to quantitative collections in 1986,
occurred in small amounts eight times in
1880 at three farfield stations (BSMLNW,
B35, B31) and twice in 1991 in the shal-
low subtidal (B17, B35). This species,
typical of southern Massachusetts and
Long 1Island (Taylor 1952), has been
recorded in coastal New Hampshire and
Great Bay (Mathieson and Hehre 1986).
I1ts occurrence at offshore sites in this
study may have been related to the natu-
rally-increased water temperatures in
the nearshore area (NAl 1991b). As B.
hamifera, which is not considered &
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TABLE 3.3.2-4. A COMPARISON OF SPARSELY OCCURRING MACROALGAE TAXA IN
AUGUST BENTHIC DESTRUCTIVE SAMPLES DURING THE PRE-
OPERATIONAL PERIOD (1978-1989) AND THE OPERATIONAL
PERIOD (1990 AND 1991). SEABROOK OPERATIONAL
REPORT, 1991.

SPARSELY OCCURRING TAXA SPARSELY OCCURRING TAXA®
1978-1989°2 1990-1991

Monostroma grevillei
Monostroma oxyspermum
Enteromorpha intestinalis
Enteromorpha 1inza
Enteromorpha prolifera
Ectocarpus siliculosus
Giffordia granulosa
Sphacelaria cirrosa
Desmarestia viridis
Petalonia fascia
Scyteosiphon lomentaria
Dumontia contorta
Ceramium deslongchampii
Pilayella littoralis
Plumaria elegans
Polysiphenia denudata
Polysiphonia harveyi
Porphyra miniata
Entocladia viridis
Spongonema tomentosum
(ladophora sericea
Spongomorpha spinescens
Bonnemaisonia hamifera
Falmaria palmata

Mo o X M o X w W

MO M OX M oM ¥ M X N X X

>

®1ess than 9 occurrences out of 512 samples (1.8%)
occurred twice or less during operational period (2%)
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nuisance organism, has occurred only at
Tow levels, it does not pose a threat to
the established algae community. Pet-
alonia fascia, also not considered &
nuisance species, occurred three times
in 1990 and 1991 and twice during the
preoperational period. Since it com-
posed less than 1% of the total biomass
during the operational period (KAl
19913, 1992), there is no evidence that
it is becoming & nuisance species.

Kel nd Understor ie

To monitor larger macroinvertebrates
and macroalgae that are not adequately
represented in destructive samples,
transect surveys were performed at shal-
low and mid-depth stations. Inverte-
brate results are discussed in Sections
3.3.5.7 and 3.3.5.8. Kelps are impor-
tant habitat formers that are not col-
lected in destructive samples. Spatial
differences in species abundances of
adult kelp appear primarily attributable
to depth differences.

Some of the 1991 observations of kelps
in the shallow subtidal zone were sig-
nificantly different from the preopera-
tional years (Table 3.3.2-5). At the
shallow subtidal Station B17, the two
Laminaria species, L. saccharing and L.
digitata, demonstrated statistically
significant reductions in abundance in
1991 when compared to previous years.
The decline began in 1989 for [. sac-
charing (NA1 19%1b) and in 1988 for L.
digitata (NAl 1’8%b, 1990b, 1991b).
Although abundances of both kelp species
were reduced at the farfield station B35
in 1991, the differences were not sig-
nificantly different. Substantially-

higher abundance of Llacuna vincta, @
molluscan predator on keips, coincided
with reduced kelp density in August 1990
and 1991 (Section 3.3.3; NAI 1991a,
1992). L. digitata continued to be less
abundant than L. saccharina at both
shallow subtidal stations.

Kelps in the mid-depth 2zone &al1so0
showed differences in 1991 abundances.
Mean abundances of Alaria esculenta and
Laminaria saccharina at the mid-depth
stations, B19 and 831, in 1991 were not
significantly different from previous
years (Table 3.3.2-5). Although the
1991 mean abundances for Agarum cri-
brosum were somewhat reduced at both
stations when compared to both the 1990
and preoperational means, the reductions
were not statistically significant.
However, the abundances recorded at both
stations for the month of October were
substantially reduced when compared to
the same month in 1990 and bear close
observation in the future (NAI 1992).
The 1991 [. digitats abundances were
significantly reduced at both mid-depth
stations in comparison to the preopera-
tional period. The continuing decline
at Station BI19 is part of an overall
trend which began in 1988 (NAI 198Sb),
and the reduction at Station B31 became
evident in the spring of 1990 before
plant operation began (NAI 1991b).

Kelps are sensitive to storm events
(Witman 1985). Three of the kelps spe-
cies, (Laeminaria digitata at B19, (.
saccharina at B17 and B35, Agérum cri-
brosum at B19 and B31) showed substan-
tial reductions in October, after Hurri-
cane Bob (NAI 1992). Strong bottom
currents may have dislodged the kelps.
Newly-established kelp beds have been
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TABLE 3.3.2-5. PREOPERATIONAL MEAN AND UPPER AND LOWER 95% CONFIDENCE LIMITS AND RESULTS OF
NONPARAMETRIC O!E-WAY ANOVA COMPARING NUMBERS OF FOUR KELP SPECIES AND PERCENT
FREQUENCTES OF HREE UNDERSTORY ALGAE TAXA IN 1991 TO VALUES FROM 1981-1989.
SEABROOK OPERAT.ONAL REPORT, 1991.

PREOPEBATIONAL
TAXON STATION LCL x ucL 1990 1991 df 8
x X
Laminaria 37 169.9 213.9 257.9 1.7 32.5% 1 -2 .Bl**
digitata 35 117.2 148.9 180.6 125.3 94 4 1 -1.53 NS
19 105.9 139.9 173.9 202.3 19.8 1 ~2.56*
31 433.6 500.2 566.8 265.0 225.3 1 2.7 **
Laminaria 17 326.1 415.1 504.1 152.3 97 .6 1 -2.46*
saccharina 35 231.2 316.4 401.6 197.5 207.9 1 -0.88 NS
19 10.7 59.1 107.5 11:3 13.5 | -1.16 NS
31 12:3 95.5 118.7 42 .0 57.9 1 -0.61 NS
Alaria esculenta 19 0.0 2.4 6.8 0.0 8.7 1 1.65 NS
31 k4 4 75.2 112.7 46 .8 24.6 1 -1.66 NS
Agarum cribrosum 19 676.3 786.6 896.9 944 ] 696.9 1 -0.61 NS
31 309.2 366.4 423.6 405 .4 269.3 1 -0.87 NS
Chondrus crispus 17 68.1 71.8 75.4 72.5 78.3 1 0.70 NS
35 50.0 54.6 59.3 63.6 70.3 1 1.36 NS
19 1.9 4.2 6.4 5.6 11.7 1 1.41 NS
31 16.9 21.0 5.1 14.7 23.3 1 1.40 NS
Phyllophora sp. 17 16.5 20.3 24.1 15.6 17.5 1 -0.70 NS
35 14.1 19.2 24.2 11.9 13.1 1 -0.58 NS
19 30.5 34.0 37.6 35.6 35.8 1 -1.40 NS
31 27.7 31.8 35.8 33.3 30.8 1 0.0
Ptilota serrata 17 0.2 0.8 1.4 0.6 2.8 1 1.45% NS
35 0.1 0.6 1.0 0.3 0.8 1 0.0
19 31.3 35.6 39.8 28.1 28.1 1 =0.70 NS
31 10.2 13.1 15.9 8.9 8.3 i -1.05 NS

NS = not si?nificant (p>0.05)
* = significant (0.052p>0.01)
** = highly significant (0.012p>.001)
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observed adjacent to the transect areas,
suggesting that the kelps may have relo-
cated.

Measurements of percent freguency of
occurrence of the three understory algae
that were dominant at transect sites
during the preoperational period (Table
3.3.2-5), showed differences among
depths that were similar to those ob-
served from biomass collections (NAI
1991b). The understory community in the
shallow zone historically has been domi-
nated by Chondrus crispus with Phyllo-
phora spp. a secondary dominant, while
the mid-depth community was dominated by
Phyllophora spp. A similar pattern
occurred during the operational period.
Algal frequencies during 1991 at all
four stations were not significantly
different from those observed histori-
cally (Table 3.3.2-5).

ntertidal Communiti
Monitoring Program)

ondestructiv

In situ counts of macroalgae in fixed
quadrats at the intertidal stations (Bl
and B5) were conducted at locations
representing three tidal elevations
between approximate MHW and MLW. The
three quadrats were situated (from high-
est to lowest elevation) on bare ledge,
fucoid-covered ledge, and Chondrus-cov-
ered ledge. These quadrats monitor
fixed locations, thus eliminating small-
scale spatial variability and focusing
on temporal wvariation. During 19691,
with few exceptions, there was little or
no change in algal percent freguency of
occurrence compared to 1990 or the pre-

operational period (1982-1989). Table
3.3.2-6 shows the occurrence of the more
common species.

The Bare Ledge Site, at the upper edge
of the mid-tidal zone was characteristic
of ledge not continuously covered by
macroalgae. Although seasonally high in
variability, barnacles have been common
in this quadrat (see Section 3.3.3 for
faunal coverage). In 1991, as in previ-
ous years, during the spring, the annua)
greens, Urospora penicilliformis and
Ulothrix flacca (at both stations), and
the red alga, Bangia fuscopurpurea (Sta-
tion B5), were the most fregquentliy-oc-
curring species (Table 3.3.2-6). In
1991, B. fuscopurpures occurred in low
frequencies at Station BS for the first
time since 1986. The annual red alga,
Porphyrs spp. continued to be unique to
Station Bl during all seasons in fre-
guencies similar to previous years,
while U. penicilliformis and U. flacce
occurred at both stations in somewhat
reduced frequencies but within the pre-
operationally estabiished ranges.
Small, {immature perennial Fucus spp.
plants were found at the farfield sta-
tion in 1991 in a1l seasons, as has been
true since 1986 (NAIl 1991b). Although
they occurred frequently (at least 87%),
their percent cover was low (25% or
less). In summer Fucus spp. percent
cover at Station B5 was noticeably re-
duced from 1990, but was well within the
preoperational ranges established for
each s2ason.

The Fucoid Ledge Site, in the mid-tide
zone, s situated in the area of maximum
fucoid algae cover. In 1991, the peren-
nigl Fucus spp. was the dominant taxon
within the guadrats, as has been true in
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previous years {(Table 3.3.2-6). These
fucoids were quite persistent and ocC-
curred frequently, although relatively
low (<40%) coverages have been occasion-
ally recorded in previous years. The
perennial red algae Chondrus crispus and
Mastocarpus stellatus occurred in the
understory at both stations 1in low
amounts in 1991, as was true in previous
years; the latter species was more per-
sistent and abundant. At both stations.
M. stellatus occurrences were greater
than the preoperationalliy-established
range during April and July and at the
upper end of the range in December.
This is a continuation of an increase
that began in 1990 prior to the opera-
tional period. Of the other algae occur-
ring in these quadrats, only Porphyra
sp. was common (at Station Bl only) in
1991, consistent with previous years.

As part of the nondestructive program,
fixed 1ine transects have been surveyed
in the fucoid zone since 1983 to quanti-
fy the areal coversge of the fucoid
algae. In 1991, unlike previous years,
Ascophyllum nodosum occurred somewhat
less frequently at Station B5 than at
Bl. In 1851, the percent frequency of
occurrence 3t Bl was higher than in 1890
and during the preoperational period.
At BS5, occurrence was similar to 1990
and within the confidence 1imits estab-
lished for the preoperational period.
No significant difference was detected
between 1990 and 1991 and previous years
(Table 3.3.2-7). In 1990 and 1991,
Fucus vesiculosus was more frequent at
farfield Station B5 than at nearfield
Station Bl; the reverse has been true
historically. The 1991 frequencies for
Fucus wvesiculosus were lower than the
952 confidence limits established for

the preoperational period at both sta-
tions for the third consecutive year
(Table 3.3.2-7, NAl 1990b). Frequencies
recorded since 1989 (NAI 1990b, Table
3.2.2-6) for F. vesiculosus show a con-
tinuous, marked decline at Station Bl.
F. distichus ssp. edentatus, historical-
1y less frequent than the two other
Fucus species, was only recorded at
Station Bl in 1991. Coincident with the
decline of F. d. spp. edentatus, F. d.
spp. distichus was recorded at both
stations for the first time in 1991.
These trends suggest that F. d. spp.
distichus may be replacing Ff. vesi-
culosus within the sample quadrats and
is part of an area-wide trend.

The Chondrus zone Qquadrat in the MLW
(mean Tow water) zone is situated in the
area of maximum red algae cover. In
1961, as has been true historically.
Chondrus crispus and Mastocarpus stel-
latus dominated this zone. Median per-
cent frequencies exceeded 30% with no
differences noted between the two sta-
tions, @as in previous years (Table
3.3.3-6). Understory taxa fucus sp. and
Corallina officinalis were also impor-
tant in this z2one. 1In 1981, Fucus spp.
was present throughout the year at Sta-
tion Bl only (Table 3.3.2-6). Freguen-
cies @nd percent cover estimates were
within the range of previous years. (.
officinalis occurred only at 85 in 1991,
consistent with previous years. This
species occurred in moderate freguencies
in 811 seasons; 1991 frequencies were
similar to previous years.

3-152



g€Si~E

TABLE 3.3.2-7. MEAN PERCENT FREQUENCY AND UPPER AND LOWER 95% CONFIDENCE LIMITS OF FUCOID ALGAE AT TWO FIXED
TRANSECT SITES IN THE MEAN SEA LEVEL ZONE FOR THE PREOPERATIONAL PERIOD (1983-1989) AND THE
MEAN PERCENT FREQUENCY FOR 1990 AND 1991. SEABROOK OPERATIONAL REPORT, 1991.

PREOPERATIONAL
TAXA STATION LCI x ucl 1990 1991 df &
x x
Ascophyl Tum nodosum Bl 28.42 32.0 35.58 31.7 39.3 1 1.75 NS
BS 34.73 41.2 47.74 8.3 333 1 -1.32 NS§
Fucus vesiculosis Bl 35.68 47 .4 59.08 3.7 2.0 1 -Z.49*
BS 20.92 22.0 2.98 15.7 20.0 1 -1.27 NS
Fucus distichus Bl 8.51 16.2 23.87 50.0 14.3 1 0.04 NS
spp. edentatus BS 0.00 3.6 7.84 10.3 0.0 1 -0.61 NS
Fucus distichus Bl - 0.0 0.0 18.3 1 3. 735>
spp. distichus BS va 0.0 0.0 A 1 3T IENR
Fucus sp. Bl 1.30 7.6 13.94 0.7 32.3 1 2.17*
BS 0.00 0.6 1.40 7.3 9.7 1 J.10%*
NS = not significant (p>0.05%)

*

significant (0.01<p<0.05)
highly significant (0.001<p<.01)
very highly significant (p<0.001)

-

*hw
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3.3.2.2 el d ci

Chondrus crispus

Chondrus crispus (Irish moss), & red
algse, is common to intertidal and shal-
low subtidal habitats from Nova Scotia
to New Jersey (Taylor 1952). It was the
dominant understory algal species in the
lower intertidal zone and, to a lesser
extent, in the shallow subtidal zones
near the Sunk Rocks (see Community Anal-
ysis section).

In the intertidal zone, Chondrus cris-
pus biomass at both stationc in 1991 was
not statistically different from values
coliected during the preoperational
period (Table 3.3.2-8). The trend of
decreased biomass in 1990 at both sta-
tions, which began prior to plant opera-
tion in August, was apparently reversed
in 1991, when biomass at both stations
increased (Table 3.3.2-1. NAI 1891b).
In the shallow subtidal zone, C. crispus
biomass levels in 1991 were significant-
ly lower than collections from the pre-
operational period (Table 3.3.2-B). As
the decrease occurred at both nearfield
and farfield stations (Table 3.3.2-1),
it appears to be part of an ares-wide
trend. It must be noted that C. crispus
biomass at intertidal and shallow sub-
tidal stations was substantially reduced
in November 1951 following a severe
northeastern storm (NAI 1992).

3.3.2.3 [Effects of Plant Operation

Community structure in the intertidal
zone was similar to previous years.
However, other community parameters,
including number of téxa and total bio-

mass showed some differences in compari-
son to previous years. The number of
tax2 collected from general collections
in the intertidal mean low water zone
has been depressed since 1989 (NA]
1990b). In 1990 and 1991, numbers of
taxa (general collection:z) were lower
than the median value, although some
recovery was evident at the farfield
station in 1991, Numbers of taxa from
guantitative samples were significantly
lower during the operational period at
both nearfield and farfield intertidal
stations. Thus, the diminished number
of taxa in the intertidal zone (general
and quantitative collections) appears to
be part of an area-wide trend that began
prior to plant operation.

Total August biomass at the nearfield
intertidal station was significantly
lower during the operational period when
compared to the preoperational period.
This resulted from reduced biomass of
the dominant Chondrus crispus in August
collections. C. crispus first showed
reduced biomass levels in the intertidal
area in 1989, and this continued through
1990 (NA]l 1981b). However, triannual
collections of C. crispus in 1991 in the
intertidal zone were not statistically
different from previous years. Since
the reduction of biomass of intertidal
dominant (. crispus, while reduced in
August, was not significantly different
when the entire year was considered, it
appears to be unaffected by plant opera-
tion. A1l aspects of community struc-
ture in the shallow subtidal (number of
taxa, tota)l biomass, and community com-
position) have shown no changes during
plant operation.
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TABLE 3.3.2-8.

RESULTS OF ANALYSIS OF VARIANCE OF CHONDRUS CRISPUS BIOMASS (9/.2) COMPARING

COLLECTIONS DURING THE OPERATIONAL PERIOD (1990 and 1991) AT INTERTIDAL AND SHALLOW

SUBTIDAL STATION PAIRS WITH BIOMASS FROM 1978-89.

SEABROOK OPERATIONAL REPORT, 1991.

SOURCE OF
PARAMETER DEPTH ZONE VARIATION df SS Fe MULTIPLE COMPARISONS
Chondrus Intertidal Preop-0p? 1 3,631.35 0.03 NS BIMLW>B5MLW
crispus Year (Preop-0p)°© 11 12,860,806.54 11.22%%+
Month (Year) 26 13,848,744.13 6.1 4w
StationP 1 1,542,424.35 14 BO*++
- Station X Preop-0pd 1 59,894.83 0.57 NS
L Error 249 25.94]1,559.34
w
ik Shallow Preop-0p 1 188.24 5.01* Op<Preop
subtidal Year (Preop-Op) 11 674.20 1.63 NS B17>B35
Month (Year) 26 4,759.25 4 B7r*+
Station 1 49¢ .93 13.22%%*
Station X Preop-0Op 1 .52 0.07 NS
Error 249 9,356.80
aPreop-Op = 1990 and 1991 vs. all previous years, regardless of station
Station pairs wichin a depth zone: intertidal = BIMLW, BMiW; shallow subtidal = B17, B35,

regardless of year or period
Cyear nested within preoperational and operational periods regardless of area
Interaction of main effects
ENS = Not significant (p>0.0%)
* = Significant (0.052p>0.01)
** = Highly significant (0.012p>0.001)
**+ « Very highly significant (p<.001)
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Nearfield stations in the mid-depth
zone also showed differences in communi-
ty structure that did not occur in the
farfield area. At the discharge station
B19, community structure has been stable
since 1978. However, the number of taxa
in 1991 was lower than during the pre-
operational period. No changes were
observed at farfield station B3l. The
number of taxa during the operational
period was reduced by 1-2 taxa when
compared to the preoperational mean
(Table 3.3.2-1). While statistically
significant, the reduction is small and
i1s based on only 2 sampling efforts
(August 1990 and 1991). The situation
does not appear to be related to plant
operation.

The macroalgae community at the intake
Station B16 in 1991 was more similar to
the discharge Station B19 than to pre-
operational collections at Bl6. This
situation is reflected in a significant-
ly lower total biomass, caused by re-
duced amounts of Chondrus crispus. As
this situation 8150 occurred in 1984, it
does not suggest a plant-related effect.

Community composition at the deep
stations in 1990 and 1991 was similar to
previous years, However, some differ-
ences in total biomass were noted in
1990 and 1991. At the deep intake sta-
tion, total biomass was s.gnificantly
higher in 199071991 than previous years,
while at the deep farfield station,
biomass was significantly lower than
previous years. No differences in total
biomass or number of species were noted
at the deep discharge station.

3.3.3 Marine Macrofauna

Studies since 1978 of the macrofaunal
invertebrates off Hampton Beach, New
Hampshire have focused on quantitative
samples from the horizonta) algae-cov-
ered rock/ledge habitat at paired near-
and farfield stations in four depth
zones. Macrofaunal studies include a
community analysis of intertidal and
subtidal habitats, as well as an exami-
nation uof populations of selected spe-
cies (Section 3.3.5). Additional data
were collected during three seasons each
year (excluding winter) at fixed sites
at the rocky intertidal station pair,
and from pane’s set at the bottom at the
mid-depth station pair to examine the
bottom fouling community.

3:3.3.1 rizontal niti
{Destructive Monitoring
Program)

Numbers of Taxa and Total Density

Numbers of taxa and total density
{number of noncolonial macrofauna/mz)
have been used to monitor spatial and
annual trends in the macrofaunal commu-
nity. These parameters have been mea-
sured in August since 1978, and have
shown broadscale changes in relation to
depth. The number of taxa generally
increased from intertidal th~pugh mid-
depth stations, and declined slightly at
the deep stations. Total density showed
8 general decrease with increasing
depth, mainly due to decreases in juve-
nile Mytilidae (NAI 1991b).

In the intertidal ares, the habitat at
nearfield Station BIMLW was mostly al-
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gae-covered ledge (predominantly Chon-
drus crispus) and 10% mussel (mytilid)
beds. The farfield Station (BSMLW) was
similar, except for the presence of
boulders, and its more-protected condi-
tion. Although the number of taxa in
the operational period (1990 and 1991)
was significantly below the preoperatio-
nal average, this reduction was consis-
tent at nearfield and farfield areas,
resulting in a8 nonsignificant interac-
tion term (Tables 3.3.3-1,2). Although
the mean numbers of taxa during the
operational period at both stations were
significantly Jlower than the pre-
operational means, they were within the
range of the preoperational period (NAI
1991b). The operational total density
was significantly different from the
preoperational at the nearfield station,
3s indicated by significant Station X
Precp interaction (Table 3.3.3-2). The
1991 densities at BIMLW reached an all-
time low, although the 1990 densities
were near the record high (Table 3.3.3-
1). Since the large decrease in 199]
occurred at both near- and farfield ste-
tions, it is not likely to be due to
plar* operation.

In the shallow subtida) area (5 m) the
nearfield station had a significantly
higher number of taxa than the farfield
station (Table 3.3.3-2), and the rela-
tionship, evident in 1990, continued
into 1991 (Table 3.3.3-1). The habitat
at both near- and farfield stations
(B17, B35) was predominantly algae-cov-
ered ledge, and a small portion of crus-
tose aigae-covered ledge. Boulders were
present at the farfield station, while
laminaria saccharina and L. digitata,
canopy-forming kelps, occurred at both
stations (Section 3.3.2.2). The mean

number of taxa at each station during
the operational period was not signifi-
cantly different than the preoperational
mean, and the interaction between the
near- and farfield stations was not
significant (Table 3.3.3-2). The mean
density at each station during the oper-
ational period was slightly higher, but
within the 95% confidence 1imits of the
preoperational mean, and there was no
significant interaction between the near-

and farfield stations (Tables 3.3.3-
$:E) s

In the mid-depth area (9-12 m), the
habitat at nearfield Station B19 (dis-
charge) included algae-covered ledge and
boulders (60%2) and horse mussel beds
(40%). Its farfield counterpart, B31,
had 60% horse mussel beds, algae-covered
rocks (30%) and about 10% cobble. Sub-
strate at the nearfield Station El6
(intake) was more similar to the near-
field shallow subtidal station, primari-
1y algae-covered ledge (75%) with mussel
beds (25%), without boulders or cobble.
The algae &t all three mid-depth sta-
tions was more diverse than the shallow-
er stations, but Phyllophora spp. gener-
3lly predominated. The significant
increase in the number ot axa in the
operational period was consistent at all
three stations (Tables 3.3.3-1,2). The
numbers of taxa at all three mid-depth
stations in 1991 were within the 95%
C.1. of the preoperational means; howev-
er, in 1990, the means were very high at
B19 and B31 (Table 3.3.3-1).

The operational density was not sig-
nificantly different than the preoper-
ational average at Station B19 (dis-
charge station) or Stations B31. Howev-
er, the operational density was signifi-
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TABLE 3.3.3-1. PREOPERATIONAL MEAN AND 95% CONFIDENCE LIMITS AND 1990 AND 1991 MEAN NUMBER OF
TAXA (per 1/16m“) AND GEOMETRIC MEAN DENSITY (No./m“) FOR TOTAL DENSITY (NON-
COLONIAL MACROFAUNA) SAMPLED IN AUGUST AT INTERTIDAL, SHALLOW SUBTIDAL, MID-DEPTH
AND DEEP STATIONS. SEABROOK OPERATIONAL REPORT, 1991.

8gl-€

PREOPERATIONAL? OPERATIONAL P 199 1991
DEPTH ZONE STATION LCL MEAN ueL MEAN MEAN  MEAN
MEAN NO. OF TAXA (No. per 1/16 m%)
Intertidal B1 43 49 56 35 38 31
BS 42 48 55 41 46 36
Shallow subtidal Bl17 54 58 2 65 67 62
835 51 55 59 54 56 52
Mid-depth B16 63 70 76 71 63 74
B19 60 68 76 75 86 64
831 45 51 56 58 71 46
Deep B04 57 63 69 71 70 73
813 49 54 59 67 62 72
B34 54 64 74 64 64 64
TOTAL DENSITY (No./m?’
Intertidal 81 99,871 123,740 153,313 84,675 204,332 35,089
B5 54,446 68.141 85,281 87,247 157,695 48,270
Shallow subtidal B17 20,128 23,857 28,277 24,279 32,102 18,362
B35 23,105 29,012 36,430 34,645 37,942 31,635
Mid-depth B16 24,656 31,590 40,473 13,604 16,501 11,217
B19 10,539 12.830 15,619 21,788 33,800 14,044
831 11,039 14,782 19,795 14,928 10,679 20,868
Deep B04 4,246 4,936 5,737 3.878 3,216 4,676
B13 4,535 6.073 8,132 7,991 11,575 5,517
B34 4,244 5,523 7.187 5,898 8,630 4,031

3preoperational period extends through 1989 (Stations BIMLW, B17, B19, B31: 1978-1989; Statons BSMLW,
B35: 1982-1989; Station Bl6: 1980-1984, 1986-1989; Stations B13, BO4: 1978-1984, 1986-1989;
Station B34: 1979-1984, 1986-1989)

Poperational period = 1990 and 1991
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TABLE 3.3.3-2. RESULTS OF ANALYSIS OF VARIANCE OF NUMBER OF TAXA (per 1/16 '2) AND TOTAL DENSITY (per .2) OF MACROFAUNA
COLLECTED IN AUGUST AT INTERTIDAL, SHALLOW SUBTIDAL, AND DEEP STATION GROUPS, 1978-1991.
SEABROOK OPERATIONAL REPORT, 1991.
TATION
aROUPS CLASS VARIABLE Fa MULTIPLE COMPARISONS®
PARAMETER
Number of Taxa BRBI1I, BSI ggeg Og % 1.4:?.%% 18.22';;
ation § .
Year (Preog Op) 12 6,785.21 7.36***
Station X Preop- Op 1 274.07 3.57 NS
Error 100 7.,682.41
7.8 e et L
ation : . M
Year (Preog Op) $37.98 2.42%*
Station X Preop- Op 262.75 3.01 NS
Error 137.75%
o
e o fronte B . R
Year (PreoB 0p) J276.55  6.36%**
Station X Preop- Op 242.38 0.90 N5
Error 146 .67
e e WE 13
Yggr‘?greo ,B27.61 7.16%**
Station X Breop Op ?g?.gg 2.22 NS

Error

(Continued)



49f year/period
interaction between main effects

TABLE 3.3.3-2. (Continued)
STATION e e
PARAMETER GROUPS CLASS VARIABLE df SS F MULTIPLE COMPARISONS
Total Density  BIMLW, Preop Oe 1 0.02 0.29 NS
BEMLW Statvon 1 0.22 3.34 NS
Year (Preog op) d 12 6.76 B.74%%*
Station X Preop-Op 1 9.8 §.313* Bl Pre BS Op B1 Op B5 Pre
Error 100 6.44
B17, B35 Preop OE 1 0.03 0.64 NS
Station 1 0.25 4.79 NS
Year (Preog Op) d 12 3.26 5.30%**
Station X Preop-Op 1 0.01 0.28 NS
Error 100 5.1¢
819, 831,  Preop-0p p° 1 0.08 0.70 NS
w B16 Station 2 0.31 1.39 NS
b Year (Preog Op) i 14 9.36 7.09*** Bl6 Fre Bl2 Op B3l Pre B3l Op B16 Op B19 Pre
2 Station X Preop- Op 2 1.39 6.33**
Error 172 18.94
B04, B34, Preog-Ogb 1 0.01 0.11 NS
BR13 Station 2 0.69 3.71* Bl3 B34 BO4
Year (Preog Op) 11 B.88 B.68%**
Station X Preop- Op 2 0.22 1.19 NS
Error 173 16.10
NS = Not significant (p>0.05)
* = Significant (0.0 >0.01)
- Hig ]K si nificant (0. 0129) 001)
Bﬁi - { igh { significant (p£.001)
cpreo era ional (through 1989) versus ogerational (1990 a d 1991) e gardle of tati n
nearfield = Stations BIMLW, B17, B19, Bl6, BD4, B13; fa field = S ons B5 B35, B31, B34, regardless
e
n

Cunderlininag signifies no significant differences (a = 0.05) among least squares means with a paired T-test



BENTHOS
MARINE MACROFAUNA

cantly lower at B16 (intake), as indi-
cated by the significant interaction
term (Tables 3.3.3-1,2). In 1991, total
density was at an all-time lTow at Bl6,
reflecting a decreasing trend that began
in 1989. Large fluctuation in mytilids,
a dominant organism, contributed to the
large variations in total density during
the preoperational period. Yet, the
operational mean density at each of the
three stations was within the range
observed during the precperational peri-
od (NAI 1991b).

In the deepest area (1B-21 m), horse
mussel beds comprised over 50% of the
substrate at all three stations; algae-
covered ledge was generally the next
most frequent substrate. Boulders mixed
with algae- covered ledge were present
at B34 (farfield) and B13 and cobble
(5%) was present at B13 (intake). Nei-
ther boulders nor cobble was present at
the discharge Station (BD4). Algae at
Station B13 were predominantly Phyllio-
phora spp. (like the mid-depth sta-
tions), but at BD4 and B34 Ptilota ser-
rata was the numerical dominant. The
number of macrofaunal taxa at the deep
stations was significantly higher during
the operational period. The trend was
consistent at all three stations, as
indicated by the lack of significance of
the interaction term. The operationai
means were within the range of the pre-
operational period at all stations (NAI
1991b). The total density showed no
significant difference between the oper-
ational and preoperational periods, and
the Station X Preop-Op interaction was
not significant (Table 3.3.3-2). The
1991 means for total density were close
to the preoperational averages at all
three stations (Table 3.3.3-1).

rommuni g r

The nonceleonial, macrofaunal, hard-
bottom community structure at all near-
and farfield stations has historically
shown changes related to depth (NAI
1991b). Intertidal (BIMLW, BSMLW),
shallow subtidal (B17, B35), mid-depth
(B16, B19, B31), and deep (BO4, B13,
B34) areas were distinct in both species
distributions and abundances. In most
cases, based on the similarity in spe-
cies composition, the 1991 collections
were placed in the group with the major-
ity of preoperational collections from
the same station (Table 3.3.3-3, Figure
3.3.3-1). The intertidal, shallow sub-
tidal, and mid-depth assemblages showed
little year-to-year variation in their
community structure. B8enthic assem-
blages were less stable at deep sta-
tions, as evidenced by shifts in group
assignment by the cluster analysis.

Spatial differences in community
structure among depths were indicated by
differences in densities of dominant
taxa as well as species composition.
Mytilidae was one of the dominant taxa
in all depth zones. Less-abundant spe-
cies, such as peracarids Calliopius
laeviusculus, Jassa marmorate, Jaera
marina, and gastropod Lacuna vincta,
accounted for the majority of the among-
station variability.

The intertidal habitat (Group 1) was
the most distinct (between-group simi-
larity of only 0.436) of 211 areas be-
cause of the overwhelming predominance
of Mytilidae spat (69,205/m? precpera-
tionally) and the presence of species
such as Nucella lapillus, Turtonia
minuta, Jaera marinag, and Hyale nilssoni
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TABLE 3.3.3-3. STATION GROUPS FORMED BY CLUSTER ANALYSIS® WITH PREOPERATIONAL AND OPERATIONAL (1990-1991)
GEOMETRIC MEAN DENSITY % 95% CONFIDENCE LIMITS FOR ABUNDANT MACROFAUNAL TAXA (NON-COLONIAL)
COLLECTED ANNUALLY IN AUGUST FROM 1978 THROUGH 1991. SEABROOK OPERATIONAL REPORT, 1991.
PREOPERATIONAL OPERATIONAL
GROUP NO./
NAME b DOMINANT
SIMILARITY STATIONS (YEARS) TAXA LOWER MEAN UPPER N MEAN N
1

Intertidal BIMLW (1978-51) Mytilidae 47977 69205 99824 20 65896 a

.686/.,436  BSMLW (1982-91) Jaera merina 2116 3626 6216 993

tacuna vincta 2035 3209 5060 3267

0ligochaeta 1203 2030 3423 1457

Turtonia minuta 1367 2707 5360 2065

Hiatella sp. 1464 2604 4631 865

Nucella lapillus 925 1501 2432 2663

Gammarellus angulosus 181 572 1803 82

Gammarus oceanicus 241 564 1318 132

Anomia sp. 373 493 650 550

[

Shallow B17 (1978-91) Mytilidae 2905 4758 7793 20 5558 4

subtidal B35 (1982-91) Lacuna vincta 3761 5379 7694 11004

.759/,582 Idotea phosphorea 1695 2166 2768 2090

Pontogeneia inermis 1248 1773 2518 838

Jassa marmorata 1097 1572 2254 859

Caprella 479 701 1027 501

septentrionalis

Idotea balthica 508 890 1559 1106

Asteriidae 385 602 940 2048

Hiatella sp. 129 186 270 93

(continued)



TABLE 3.3.3-3. (Continued)
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PREOPERATIONAL OPERATIONAL
GROUP NO./
NAME _ DOMINANT
SIMILARITYY STATIONS (YEARS) TAXA LOWER MEAN UPPER N MEAN N
3
Mid-Depth: B19 (1979-91) Mytilidae 3582 5791 9363 34 5321 8
Discharge/ B31 (1979-91) Pontogeneia inermis 994 1527 2346 760
Farfield/ Bl16 (1980-84, B86-91) Caprella , 642 974 1476 568
Intake/ B13 (1986-87, 89-91) septentrionalis
Recent Deep Anomia sp. 576 798 1105 919
Intake Miatella sp. 520 759 1105 535
.6527.704 Lacuna vincta 276 466 597 327
Balanus crenatus 30 88 251 269
4
Deep: B04 (1979-84, 86-91) Pontogeneia inermis 211 297 420 27 100 4
Discharge/ 813 (1978-84, 88) Asteriidae 185 249 334 277
Farfield/ B34 (1979, 81-84, Anomia sp. 158 247 388 614
Intake 86-91) Tonicella rubra 132 157 187 67
.668/.652 Caprella ; 29 154 238 88
septentrionalis
Mytilidae 107 184 316 142
Balanus crenatus 6 5 111 67
Thelepus cincinnatus 8 19 44 169
5
Misc, B19 (1978) Pontogeneia inermis a3 817 7986 4 - )
.647/.609 B3l (1978) Mytilidae 3 148 5052 -
B34 (1980) Caprella 149 235 369 .
BO4 (1978) septentrionalis
Hiatella sp. 19 166 1365 .
Lacuna vincta 36 158 670 -
Anomia sp. 84 211 528 -
Asteriidae 96 221 507 -

a . s * :

Bray Curtis similarity coefficient ((lifford and Stephenson 1975) with group average agglomeration for the
pclustering method (Sneath and Sokal 1973) < g it

within/between group similarity
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Figure 3.3.3-1. Dendrogram and spatial groups by year formed by numerical
classification of August collections of marine macrofauna,

1978-1991. Seabrook Operational Report, 1991.
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(less common) that are restricted to or
most abundant in the intertidal 2zone
(Table 3.3.3-3). Other dominants in-
cluded the molluscs Hiatella sp. spat
and Lacuna vincta, and the amphipod Gam-
marellus angulosus. Every intertidal
collection taken, including the 1991
cellections, was placed in Group 1 based
on similar species compesition and abun-
dance. During the operational period
(1990 and 1991) densities of Jaera mari-
na, Hiatella sp., Gammarellus angulosus,
Gammarus oceanicus and 0ligochaeta de-
creased, whereas WNucella lapillus in-
creased. Densities of mytilids and the
three other most common sSpecies essen-
tially showed no change (Table 3.3.3-3).

The shallow subtidal habitat (Group 2)
includes Stations B17 and B35 and had
the highest within-group similarity
(Table 3.3.3-3). Mytilidae was stil)
the predominant taxon, although an or-
der-of -magnitude less abundant than in
the intertidal area. Aside from the
herbivorous gastropod, Lacuna vincta,
and juvenile Asteriidse, dominants were
peracarid crustaceans such as Ponto-
geneia inermis, C(Caprella septentrio-
n3lis, Idotea phosphorea, I. balthica.
and Jassa marmorata (Table 3.3.3-3).
Re.latively high densities of the latter
chree species, along with the presence
of Calliopius laeviusculus distinguished
the shallow subtidal area from other
areas. Stations B17 and B35 were placed
in this group every year. During the
operational period, juvenile Asteriidae
showed the largest increase in abundance
(due to a good set in 1950 at B35)(NAI
1991b). A)1 other species were within
the 95% confidence limits of the pre-
operational mean except J. marmorata, P.

inermis and Hiatella sp.. which were
below it (Table 3.3.3-3).

Group 3 (primarily mid-depth stations
and the deep intake station (B13) for
most years since 1986) had the lowest
within-group similarity of the four
major groups. It was usually character-
ized by a predominance of Mytilidae and
the amphipods Pontogeneia inermis and
Caprella septentrionalis (Table 3.3.3-
3). Stations B31 (farfield), B19 (dis-
charge) and B16 (mid-depth intake) were
characterized by this assemblage every
year except 1878. Since 1986, Station
B13 (deep intake) had joined this assem-
blage, .xcept for 1988. The 1991 col-
lections at all four stations were simi-
lar to previous years, and thus placed
in the same group. During the opera-
tional period, numbers of amphipods
decreased, and numbers of the barnacle
Balanus crenatus increased.

Collections at deep Stations BO4, B34,
and B13 in some years (1978-84, 1988)
comprised Group 4. The stations in
Group 4 typically have low total density
of macrofauna when compared to shallower
stations. Total density of Group 4 was
low due to low numbers of bivalve mol-
luscs, particularly Mytilidae and Anomia
sp. Crustaceans such as Pontogeneia
inermis, and Caprella :eztentrionalis
and juvenile starfish, Asteriidae, took
on greater importance in this Jepth
zone, Species with low aburdance at
shallower stations such as the northesn
red cuwiton, Tonicella rubra, and the
tube-building fan worm, Thelepus cincin-
natus, ranked among the most abundant at
deep stations.
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Group 5 consisted of only four sam-
ples, three of which were taken in 1978
at Stations B19, B31, and BO4. The
group was characterized by relatively
low abundances of the molluscs Mytili-
dae, Hiatella sp., Lacuna vincta and
Anomig sp., and high densities of Pon-
togeneia inermis. No collections have
been similar to Group 5 since 1980.

3.3.3.2 ntertidal mmuniti

(Non-destructive Monitoring
Program)

Dominant intertidal species from the
bare rock habitat (mean high water
zone), the Fucus spp. habitat (mean sea
level zone) and the Chondrus crispus
habitat (mean low water zone) were moni-
tored non-destructively at fixed sta-
tions on nearfield Outer Sunk Rocks
(Station B1l) and farfield Rye Ledge
(Station B5) three times per year. The
bare rock areas near mean high water
supported low percentages of algae such
as Porphyra spp. at intertidal Station
Bl and Fucus spp. at farfield Station BS
(Section 3.3.2). The predominant macro-
faunal resident was Balanus spp., which
was most abundant in the bare rock habi-
tat. Balanus spp. frequencies at both
stotions were slightly higher in April
following the spring recruitment period
than in July and December (Table 3.3.3-
4). Preoperationally and in 1991, the
nearfield station aimost always hed &
lower frequency of Balanus spp. than the
farfield station. Herbivorous gastro-
pods, Littorina littorea and Littorina
saxatilis, were also important constitu-
ents of the bare rock community, showing
lower frequencies in April than in July
or December during the preoperational

period. Their densities during the
operational period were within the preo-
perational range, except for (. lit-
torea, which reached an all-time high in
December 1991 at Station Bl. Mytilid
spat were least abundant in the bare
rock zone, except for a large set which
occurrea at BS in 1990. It did not
reoccur in 1991, when mytilid densities
were within the preoperational range.

Fucoid-covered Tedge areas at approxi-
mately mean sea level were characterized
by & heavy cover (over BO%) of the pe-
rennial algae Fucus spp. (mainly F.
vesiculosus), with an understory of
perennial red algae (Mastocarpus stella-
tus and, less frequently, Chondrus cris-
pus)(Section 3.3.2). During both the
preoperational and operational periods,
Mytilidae was the most common taxon at
nearfield Station B1, with high frequen-
cies during all three sample periods
(Table 3.3.3-4). Mytilidae usually did
not show high frequencies at Station BS,
where Balanus spp. were more common.
Likewise, Nucella Tapillus, an important
mytilid predator in the fucoid zone, was
more frequent at Bl. It was most com-
monly encountered in July, during both
preoperational and operational periods.
Other common gastropods were Acmaea
testudinalis, Littorina obtusata and
Littorina littorea (almost excliusively
occurring at Station B5). Freguencies
in 1991 were within the baseline range
except for Acmaes testudinalis whose
occurrence in April 2t B5 exceeded the
preoperational range (Table 3.3.3-4).

The Chondrus zone, at approximately
mean low water, was characterized by
rock ledge with a thick cover of red
algae, mainly Chondrus crispus and
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TABLE %.3.3-4. MEDIAN AND
SITES AT STAT
(1982-198%9) AND IN

zs
323

DOMINANT FAUNA AT BARE ROCK, FUCOID LEDGE, AND

? NONDESTRUCTIVELY DURING

iRYE LEDGE | MONITORE
RATIONAL REPORT,

199

ZONE INTERTIDAL

ONAL

PERIOD

BARE ROCK" FUCOID LEDGE® CHONDRUS ZONE®
PERTOD" APR JUL DEC APR JuL DEC APR S DEC
Acmaes testudinalis PREOP Bl median 0 ] 0 0 & &4 13 i3 iz
{ range | 10 10) (o) (0-25) (0-38) (6-69) 16-38) 10-25) (e-811
1 7 freq. 0 0 0 12 12 iz & 19 31
1991 7 freq. 0 ] 0 & 25 o 1 12 12
PREOP BS median 0 0 0 & & 10 o 0 0
{range | t0) to} e (0-191 10-38) 10-38) (D-%% ) (0-131 10-2%)
1990 7 freq. 0 0 0 1z 38 25 12 o 0
199] 7 freq. 0 o ¢ 25 31 12 12 6 -
Balanus spp PREOFP Bl medisn 61 51 9 10 8 1 0 0 o
| range | 1<1-100) i{9-88) {0-88) 10-100) (1-38) 10-63) 10-47) (0-4%) toi
1990 7 freq. 35 35 27 i 11 1 7 7 8
1991 7 4$reqa. 43 46 “s 10 3 0 0 0 <l
PREOP RS median as 85 72 31 23 £ 0 0 0
{ range ) (58-100) 126-100) (5-100) {e-100) (12-100) {.-88) 103 10} 10-3)
19%¢ 7 freq. 9% as 59 31 21 b4 0 0 0
1991 7 freq. o 67 11 15 2% ° 0 0 0
Littorine littorea PREOP Bl  median 0 0 o 0 0 0 0 ] ©
{ range ! o to-13}) 10-13) o) 10-6) 10-6) 0l t0-131 (0-61
1 7 freq. o 0 & 0 0 o 19 25 19
1991 7 freq. 0 75 0 e & 19 ] 12
PREOP BS  median 0 13 82 10 53 9 81 100
{ range | (6-6) 10-56) 113-100) 10-381} (13-75) 10-31) (751001 (96-100) 164-9)
19%0 7 freq. 0 25 a8 25 38 25 hod 100 75
1991 7 treq. 62 ~h 25 1% tata 0 8l 100 ©
ittorina gbtusats PREOP Bl  median 0 o 0 3 10 ® 0 o 0
L { range ) 10} 10-19) t0) (G-61 (0-251 16-19) 10-13) (045 ) (0-131
1990 7 freq. o 4 [t} 25 0 25 0 0 -
1991 2 freq. 12 o G & 19 12 o 0 &
PREOP B5 mediat 0 6 o 3 16 7 L] 0 0
[ ramge | t0-61 {0-19) 16-13%) to-25) 10-64) 10464 {t0-13) {01 to)
19%0 7 freq. 0 12 & 0 12 25 12 0 0
1993 7 freq. [ 19 [} 1z 2 37 4] 0 o
1991 4 _freq, x
Littorinae saxatilis PREOP Bl wmedian 7 57 16 [ o 0 0 [ o
| range | 10-64 ) 10-881} {0-B8) o) (R3] 10-6) (0} (o) (0)
19%0 72 freq. 0 0 12 0 0 o 0 [ 0
19931 7 freq. 37 81 ] 0 0 o 0 0 0
PREOP RS  median 50 66 75 0 0 0 0 o 0
{ range | (0-100) 138-94) (6-100) t0-6) (0} 10-6) 101 t0) 10}
1990 “ treq. 100 100 B8 0 0 o o 0 0
1991 7 frea. 81 50 50 0 o (] 0 0 25

tcontinued )
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TARLE 1 2 3.4, (Contirued)

BARE ROCK® FUCOTID LEDGE" CHONDRUS ZONE®

PERIOD" APR an DEC APR Jul DEC APR AN DEC

Motilidae PREOP  BI  median o " 3 a2 7% 7n a0 ao 5
frange | 10-201 10-60) to-7%) (37-100) 27-100) t(a42-100) (54 -95) t71-95) t15-85)

1090 % free. o 1 18 73 a2 69 55 e 63

1931 7 freq. 11 26 in ] 93 s 95 95 61

PREOP  BS  median o 15 33 n 1 5 e 63 26
{ rarge ) (0-38)  (0-318)  (1-78) (2-100)  (0-100) (0-100)  (10-72) (23.80) (0-49)

1990 z $req. 30 a7 26 - 16 - 6 9 15

1991 % trea. 10 o A 5 o n o 27 8

Mucells leeill PREOP Bl  medien 0 0 ) 6 100 25 7% 100 56
hae o trangs ) (01 (o) 10-61 10-25)  125-1000 16-50)  (13-100} (1001  (31-88)

1990 % treq. 0 0 ) . 100 12 12 100 1o

1991 7 freq. & o 6 12 100 & 81 100 19

PREOP  B5  median 0 0 0 0 28 0 % 18 59
{ range ) 10-94) 10-44) 10-546) o) (6-81) (0-6) t75-100) 113-56) t56-B1)

1990 % freq. 0 6 o 0 19 o 100 75 75

199) X troe, 0 12 o 0 a4 0 100 37 19

Method of computing romni fremmncy varies mﬂn Ipoint-contact method for Mytilidae and Balanus since July 1981,
parcent § ovccurrence for all other ins .
mov period is 1982-1985%, axcept for m. where samp h.rn in lprll; 1985
‘Aare lodoe station is at wpper adge of zore, at mi-h water veoid station is at approximate mean ses
level mark . Chorkdrus zome station, first sampled in 1985, 35 at -pproaun-h maan low water mark
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Mastocarpus stellatus. At Station Bl,
Fucus spp. were also freguently encoun-
tered (Section 3.3.2). 0Of the macro-
faunal species monitored, Nucella lapil-
Jlus and Mytilidae spat were the most
frequently encountered at both stations
(Table 3.3.3-4). During the pre-
operational period, Mytilidae had medi-
um-to-high frequencies in April and July
with generally lower percentages in
December. At Station Bl, WNucella was
more abundant in July than in April or
December. In 1991, both Nucella and
mytilid spat were within the pre-
operational range and showed similar
seasonal patterns, except at Station BS,
where mytilids were absent in April. No
relationship between abundance levels of
either Mytilidae or Nucella at mean low
water or within the fucoid habitat at
mean sea level has been noted (NAI
1987b). The gastropod, Littorina 1it-
torea, occurred in high frequencies at
only Station BS throughout the year, and
was most numerous in the Chondrus zone.
In 1990 and 1991, it occurred with mod-
erate frequencies at Bl also. Acmaes
testudinalis was enumersted in JTow-to-
moderate frequencies in the Chondrus
zone at Station Bl in 3all years and
occasionally at Station BS; frequencies
followed the same pattern in 1991.

3:3.3:3 idal Foulin mmun i

(Bottom Panel Monitoring
Program)

Panels set at mid-depth stations (B19,
B31) near the bottom were sampled trian-
nually in April, August, and December to
provide information on recruitment of
four sessile macrofaunal species. Bala-
nus spp. (mainly Balanus crenatus. with

some Balanus balanus) typically settled
by April. Recruitment continued in some
years after the April sampling period
and densities were higher in the August
samples, while in other years Apri)
sampling occurred near the settiement
peak (Table 3.3.3-5). By December,
densities were consistently low., as
Balanus populations disappeared due to
mortality. In 1991, the Balanus set at
both stations was later than average, as
densities were low (below the baseline
average) in April, but above the base-
line average in August.

Anomia sp. was unique among the ses-
sile taxa that were examined, showing a
pattern of late summer-fall recruitment.
Although low densities of Anomia some-
times occurred on panels by August,
numbers were typically highest in De-
cember when abundances of &ll other
sessile taxa were low (Table 3.3.3-5).
In 1991, Anomié densities were very
close to the baseline average in Decem-
ber at both stations while in April and
August, the densities were well above
the preoperational averages.

Higtella sp. is a sessile bivalve that
showed highest densities in August col-
lections and had lTow abundances in April
and December samples during the baseline
period. Densities in 1991 were near
average at the nearfield station, and
very high at the farfield station in
August. The 1991 seasonal pattern at
both stations was similar to the pre-
operational trend (Table 3.3.3-5).

During the preoperational period,
Mytilidae spat had generally settled on
bottom panels by August, with numbers
greatly reduced by December (Table
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TABLE 3.3.3-5.

ESTIMATED DEMSITY (per 1/6 ®Z) AFTER FOUR MONTHS® EXPOSURE OF SELECTED SESSILE TAXA ON RARD-SURSTRATE
BOTTOM PANELS AT STATIONS 5719 AND B31 SAMPLED TRIANUALLY (APRIL, AUGUST, DECEMBER) FRON 1981-1991.

SEARROOK OPERATIONAL REPORY, 1991,

PREOP_(1981°-1994, 1986, 1987-1989) 19%0 1991
auG OEC APR AUG DEC APR AUG DEC
MEAN so MEAN sD MEAN so

Balanus spp. S... B9 17053 13793 6403 4973 9 13 46366 3350 0 6017 11883 0
Sta BN 40962 2261 7917 6166 14 17 53333 700 e 14833 8617 0

Anomia sp. Sta. B19 <1 <1 31 68 1232 1136 6 125 3100 193 154 1232
Sta. B3? ° 0 36 42 993 1246 & 345 1766 4 338 645

Ntatelie wp Sta. BIS 1 2 3966 2595 27 n 0 6117 36 3 3450 2
Sta. B3 <1 <1 11659 10594 16 21 12 16304 4 2 23947 3N

Mytilidae Sta. B19 2 3 367 247 58 57 0 1083 44 55 537 56
LAY 8 n 5035 10054 36 36 20 4786 104 19 7351 n2

Sta.

*In 198) only Balenus spp. and Anomic sp. were countsd at Sta. R1e
In 1983 counts of all four taxa at both stations began.

st both stations.
%0nly December collections were made in 1986

In 1982 only Baicgnus spp. and Anemic sp. were counted
No samples were taken in 1985
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3.3.3-5). The density in August 1991
was within one standard deviation of the
preoperational average &t both stations.
The December densities in 1990 and 1991
were near the baseline average at BI19,
and above the average at B3l.

3.3.3.4 ff f Plan ration

Impact on the macrofaunal benthic
community was Jjudged by comparing pre-
operational and operational means for
number of taxa and total density, as
well as comparing the community using
cluster analysis. If the preoperational
and operational means at the nearfield
and farfield stations showed the same
trend, the trend was areawide, and thus,
not related to plant operation. If the
trends were different, as evidenced by &
significant interaction term, signifi-
cant changes must hive occurred during
the operational period at a nearfield
station in order to show an impact. Al}
three methods had similar outcomes. The
only parameter to change significantly
between preoperational and operational
periods was total density of individuals
at B16, the mid-depth intake station,
which decreased during the operational
peripd. However, there was no change in
number of taxa or community structure.

The frequencies of the dominant spe-
cies in fixed quadrats in the intertidal
zone during the operational pericd were
generally within range of the pre-
operational frequencies, and the season-
a1l patterns remained the same. 0ccCa-
sional all-time highs or lows appeared
during one season, but seldom persisted
to the following season. The dominant
fauna of the intertidal community ap-

peared very stable, with no major popu-
lation changes between the operational
and preoperational periods for any spe-
cies.

In 1991, the densities or frequencies
of the four dominant sessile species on
bottom fouling panels were close to the
preoperational averages, and the season-
2] patterns remained the same. 1In 1991,
the density of Hiatella sp. in August
was well above average at the farfield
station, while the nearfield station was
close to the preoperational average. By
December 1991, the Hiatella sp. densi-
ties were within one standard deviation
of the preoperational average. The
dominant sessile species are very sta-
ble, and no major population changes
between operational or preoperational
periods have been observed.

3.3.4 urf Fouling Panel

The surface fouling panels program was
designed to study both settlement pat-
terns and community development in the
discharge plume area and in correspond-
ing farfieid areas. Short-term panels
submerged for one month, provided infor-
mation on the temporal sequence of set-
tlement activity, while monthly sequen-
tial panels, exposed from one to twelve
months, provided information on growth
and successional patterns of community
structure.

3.3.4.1 nal lement P rn
hort-term Panel

Faunal Richness and Abundance
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Development of a typical fouling com-
munity begins with bacterial invasion,
followed by colonization by diatoms and
other microorganisms that are apparent-
ly prerequisites to recruitment of lar-
vae and spores (Wahl 1989). The in-
tensity of recruitment on short-term
panels, measured by the richness and
abundance of nonculonial organisms,
gives an indication of the potential for
fouling community development.

Seasonal cycies in faunal richness in
1991 were similar to historical trends
with one exception. Number of taxa
sharply increased in April (B04) or May
(B19), earlier than usual, and remained
high through September (B04) or October
(B19, Figure 3.3.4-1). Number of taxa
was higher than average during the peak
period in 1991, a trend that occurred in
1990 both before and during plant opera-
tion (Figure 3.3.4-1). Average numbers
of taxa in 1991 were significantly high-
er than during the preoperational period
at both nearfield and farfield stations
(Tables 3.3.4-1,2). Since the increase
occurred at both nearfield and farfield
stations, it is indicative of an area-
wide trend and not related to operation
of Seabrook Station,

The seasonal patterns of faunal abun-
dance were similar to those of faunal
richness. In 1991, as in previous
years, abundances remained low from
January through April, increased in May
and remzined high through September
(BO4) or October (B19, Figure 3.3.4-1).
Annual mean abundances in 1991 were
similar to previous years at the dis-
charge station (B19) and its farfield
counterpart (B31, Table 3.3.4-1), &
pattern supported by analysis of vari-

ance (ANOVA) results (Table 3.3.4-2).
Abundances in 1991 at nearfield Station
BO4, more distant from the discharge
than B19, were higher than average in
July and August, repeating the pattern
noted in 1990 (Figure 3.3.4-1). ANOVA
results indicate 1991 abundances at B04
and B34 were significantly higher than
preoperational abundances (Table 3.3.4-
2). Since the difference occurred at
both nearfield and farfield stations, it
is unrelated to operation of Seabrook
Station.

Biomass

Seasonal settling patterns for the
entire fouling community (motile fauna,
colonial organisms, macroalgae) are best
demonstrated by changes in biomass. The
dry-weight biomass (g/panel) for short-
term panels paralleled the pattern ob-
served for the seaseonal distribution of
faunal abundance and richness, although
it was compressed into 2 shorter period.
The seasonal trend in total biomass at
nearfield Station B19 in 1991 was simi-
lar to historical observations. The
highest biomass at B19 occurred in Sep-
tember (Figure 3.3.4-1) coincident with
highest numbers of bivalves such as
Mytilidae, Hiatella sp. and Anomia sp..
and frequencies of the hydroid Tubularia
sp. (Figure 3.3.4-2). Peak biomass was
higher than that observed during the
preoperational period, although lower
than the levels in 1990 (Figure 3.3.4-
1). At BO4, the seasonal trend approxi-
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Figure 3.3.4-1. Monthly faunal richness (number of faunal taxa on two replicate pancls)

abundance, and biomass in 1990 and 1991 compared to means and 95%
confidence limits on short-term panels at nearfield Stations BO4 and B19
during preoperational period (1978-1984 and July 1986-December]989).
Seabrook Operational Report, 1991.
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TABLE 3.3.4-1. MEANS (PER/PANEL) AND 95% CONFIDENCE LIMITS OF SELECTED PARAMETERS AND SPECIES
ABUNDANCES AT STATIONS B19, B31, BO4, AND B34 OVER THE PREOPERATIONAL YEARS AND
MEANS IN 1990 AND 1991. SEABROOK OPERATIONAL REPORT, 1991,

PREOPERATIONAL YEARSD 1990 1991
PARAMETER/ PANEL? o - e
TAXON TYPE STATION LCL x UcL X x"
No. of faunal taxa ST B19 g€ 9.2 10.3 11.4 12.3
B31 £af 8.7 9.7 U 9.8
BO4 7.6 B.5 9.5 11.0 10.4
B34 7.6 8.8 10.1 10.4 11.7
Total noncelonial ST B19 36.9 56.2 85.4 99.5% 74 .6
abundance B3l 46.5 72.7 112.9 129.7 52.6
BO4 24.7 §6.8 54 .6 89.1 5¢.1
B34 23.0 Tl 59.5 53.1 81.7
Total biomass ST 819 0.5 0.8 ey | 1.0 1.0
(a) B31 0.4 0.6 0.9 1.5 0.2
BO4 0.4 0.6 0.9 1.2 0.9
B34 0.5 1.0 1.5 0.6 0.8
Mytilidae ST Bl19 20.2 32.2 50.9 61.3 44 .4
B3l 24 .8 40.5 65.9 77.6 25.0
BO4 13.1 20.2 30.9 53.0 30.4
B34 11.6 19.9 33.5 27.6 32.7
Jassa marmorata ST B19 .4 3.3 4.6 1.3 2.4
B3l 2.9 4.2 5.9 4.2 3.2
BO4 1.9 2.7 3.7 1.8 2.9
R34 1.6 2.4 3.6 3.6 3.8
Tubularia spp. ST B19 1.; 1.9 2.9 15.8 1.6
B31 0. 1.2 1.9 12.2 0.1
B804 1.0 1.6 2.5 16.7 -3
B34 3.3 2.5 4.3 16.7 % |
Biomass MS B19 97.0 143.9 190.8 7.1 262.8
(g) B3l 121.2 175.2 229.3 53.6 168.5
BO4 84 .8 131.0 177.1 34.7 176.0
B34 102.7 175.7 249.1 22.5 270.1

pST = short term MS = monthls se?uential

cPreoperational = 1978-1984; Jul 1986-Dec 1989 except B34, which was first sampled in 1982
Geometric mean for total abundance, and Mytilidae and J. marmorata abundance

Percent frequency of occurrence for Tubuiaria sp.



TABLE 3.3.4-2. RESULTS OF ANALYSIS OF VARIANCE COMPARING MONTHLY NUMBER OF FAUNAL TAXA, ABUNDANCE, TOTAL
BIOMASS, AND SELECTED SPECIES ABUNDANCE OR PERCENT FREQUENCY ON SHORT TERM PANELS AT
MID-DEPTH (B19, B31) AND DEEP (BO4, B34) STATION PAIRS DURING PREOPERATIONAL (1978-1989)

AND OPERATIONAL (1991) PERIODS.

SEABROOK OPERATIONAL REPORT, 1991.

SLI-E

SOURCE OF ¢ MULTIPLE

PARAMETER STATIONS VARIATION df F COMPARISONS
Number of faunal 819, B31 Preop-0p? b 1 14,93 %%+ Op>Preop
taxa Year (Preop~9p) 10 18 . S2%%%

Montth (Eear) 125 10.22%*+

Station e 1 .85

Preop-0p X Station 1 3.70 NS

Error 133

BO4, B34 Preop-0p 1 29 . 350 Op>Preop

Year (Preop-0Op) 10 14.24%%*

Month (Year) 125 §.Ean

Station 1 6.32 NS

Preop-0Op X Station 1 3.93 NS

Error 88
Noncolonial faunal B19, B3l Preop-0p 1 0.06 NS
abundance Year (Preop-0Op) 10 A 19.95%%%

Month (Year) 125 ; 19.99%%»

Station 1 0. 0.07 NS

Preop-0Op X Station 1 0. 3.70 NS

Error 133 13.

BO4, B34 Preop-0p 1 1. 13.28%xx Op>Preop

Year (Preop-0Op) 10 12. 15.7Qvn"

Month (Year) 125 190. 18.75%%*

Station 1 0. 2.08 NS

Preop-Op X Station é g. 2.65 NS

Error

@

{continued)



TABLE 3.3.4-2. (Continued)

9LL=E

SOURCE OF ¢ MULTIPLE
PARAMETER STATIONS VARIATION df SS F COMPARISONS
Biomass B19, B3l Preop-0p 1 0.41 0.39 NS B19>8313

Year (Preop-0p) 8 18.00 2.18*

Month (Year) 103 292.16 L. 19%Ee

Station 1 4.99 4. 85+%

Preop-Op X Station 1 1.82 1.77 NS

Error 111 114 .36

BN4, B34 Preop-0p 1 0.01 0.01 NS

Year (Preop-0p) 8 18.91 Z .B5**

Month (Year) 103 493 .32 5,7 7%%*

Station 1 0.34 0.40 NS

Preop-0Op X Station 1 1.49 1.80 NS

Error 88 73.10
Mytilidae B19, B3l Preop-0p 1 0.05 0.44 NS 0 Pre 0O Pre

Year (Preop-0Op) 10 20.80 17 .52%*+ QEQ B31 851 B19

Month (Year) 125 308.96 20,82%**

Station ) 1 0.11 0.90 NS

Preop-Op X Station 1 0.64 5.39*

Error 133 15.79

B04, B34 Preop-0p 1 0.53 5.41* Op>Preop

Year (Preop-0p) 10 12.74 13.03 %%

Month (Year) 12% 220.23 18.02%**

Station 1 <0.01 0.05 NS

Preop-Op X Station 1 0.00 0.05 NS

Error B8 8.60

{continued)



TABLE 3.3.4-2, (Continued)

SOURCE OF ¢ MULTIPLE
PARAMETER STATIONS VARIATION df SS F COMPARISONS
Jassa marmorata B19, B3l Preop-0p 1 0.22 2.21 NS
Year (Preop-0Op) 10 6.45 6.37%+%
Month (Year) 125 93.01 1. 39N*H
Station 1 0.17 1.72 NS
Preop-0Op X Station 1 0.00 0.01 NS
Error 133 13.47
BN4, R34 Precp-0p 1 0.29 2.27 NS
Year {(Preop-Op) 10 5.43 A Lo NEw
Month (Year) 125 62.99 3. Ygran
Station 1 0.00 0.00 NS
Preop-0Op X Station 1 0.16 1.28 NS
Error 88 11.15%
L P
= Balanus sp. B19, B3l Preop-0p 1 0.02 0.89 NS
~ Year (Preop-Op) 10 3.4¢6 15.49% %+
- Month (Year) 125 36.869 13.14%%x
Station 1 0.04 1.77 NS
Preop-0Op X Station 1 0.01 0.51 NS
Error 133 2. 97
BO4, B34 Preop-0p 1 0.01 0.88 NS
Year (Preop-Op) 10 0.95 8.01%x*
Month (Year) 125 13.76 9.26%%*
Station 1 0.03 2.15 NS
Preop-0Op X Station 1 0.02 1.62 NS
Error 88 1.08

(continued)
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Figure 3.3.4-2. Log abundance (no. per panel) or monthly mean percent frequency of
Mpytilidae, Jassa marmorata, and Tubularia sp. on shor-term surface
panels at Stations BO4 and B19 in 1990 and 1991 compared 10 mean
abundance or percent frequency and 95% confidence limits during the
preoperational period (1982-1984 and July 1986-December 1989).

Seabrook Operational Report, 1991.
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TABLE 3.3.4-3., GEOMETRIC MEAN ABUNDANCE (NO./PANEL) /:  95% CONFIDENCE LIMITS OF DOMINANT NONCOLONIAL TAXA
OCCURRING IN STASONAL GROUPS FORMED B, «~UMERICAL CLASSIFICATION OF SHORT-TERM
SURFACE PANELS SET AT DISCHARGE STATION B1% AND FARFIELD STATION B31 FROM 1988-1991.
SEABROOK OPERATIONAL REPORT, 1991.

NUMBER OF WITHIN/TETWEEN PREOPERATIONAL® op?
GROUP SAMPLES GROUP DOMINANT b b b
NUMBER  SEASON prEOP? op? SIMILARITY TAXA L x U

Al O
R~ 8o

1 Winter 5 2 0.51/.40 Mytilidae 0.4 0.6 0.9
Hiatella sp. 0.0 0.2 0.6
2 Winter 12 4 0.47/ .40 Mytilidae 18 3.0 4.5
Anomia sp. 0.0 0.4 0.7
w 3 Spring 2 0 0.48/.37 Mytilidae 0.0 0.9 48.7
y Pontogeneia inermis 0.5 0.5 0.5
o aa Early a 0 0.57/.54 Mytilidae 46.0 210.8  953.3
Summer Hiatella s5p. 4.0 32.4 174.7
4 Summe r 16 14 0.67/.54 Mytilidae 767.4 1767.0 4094 .0 2029.
Hiatella sp. 18.5 46.3 113.8 66,
Nudibranchia 3.6 ¥k 19.7 8
Anomia sp. 2.4 7.2 18.9 33
5 Fall 10 9 0.64/ .47 Mytilidae 34.9 60.2 103.2 34
Jassa marmorata 2.0 9.3 12.1 4
6 Spring 5 4 0.18/.36 Balanus sp. 2.4 1.9 2.0 7
Mytilidae 0.0 0.3 1.2 2
7 Late 3 0 0.07/.67 Anomia sp. 0.5 0.5 0.5 -
Spring

RWw adth y~dMoWw

dpreop = January 1988 - July 1990

bOp = August 1990 - December 1991
L = lower confidence limit

U = upper confidence limit
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SURFACE FOULING PANELS

Dominant Taxa

Several dominmant taxa on short-term
panels were monitored to determine their
iong-term recruitment patterns. Mytili-
dae spat (mainly Mytilus edulis) was the
most abundant noncolonial taxon. in
1991, as in previous years, settlement
took place throughout the year, but
activity was most intense from June
through Sey’»mber (Figure 3.3.4-2),
coincident with larval availability
(Figure 3.1.4-2). The peak abundance of
mytilids at both nearfield stations was
higher than average, a trend that also
occurred in 1990 (Figure 3.3.4-2) and
1989 (NAI 1991b). Annual abundances
were significantly higher in 1991 at
nearfield Stations B19 and BO4 and at
farfield Station B34, but were lower
than average at B3l (Table 3.3.4-2).
Although significant differences oc-
curred only at the nearfield Station
B19, there is a trend of increased abun-
dances at the nearfield and farfield
stations further offshore (B04 and B34).
Furthermore, mytilid abundances were
elevated 2t nearfield and farfield areas
during the two previous years. Thus, it
is possible but unlikely that operation
of Seabrook Station is related to ele-
vated mytilid abundances.

The amphipod Jassa marmorata (formerly
known as J. falcata) is a2 common fouling
prganism (Nair and Anger 1980). This
species lacks a larval stage, so re-
cruitment occurs through dispersal of
juveniles or adults through the water
column (Bousfield 1973). Im 1991, J.
marmorata appeared throughout the year
but abundances were more common in the
latter half of the year, a pattern con-
sistent with previous years (Figure

3.3.4-2). 1In 1991, abundances were not
statisticaelly different from those from
the preoperational period (Tables 3.3.4-
1,2).

The hydroid Tubularia sp. is a dense
summer colonizer. It is important be-
cause of its voluminous growth habits,
which can provide a substrate (Field
1982) and food source (Clark 1975) for
epifaunal taxa. In 1991, the Tubularia
spp. cover reached highest frequencies
in August at Station BO4 and in Septem-
ber at B19 (Figure 3.3.4-2). In previ-
ous years, Tubularia sp. reached peak
cover between July and September (NAI
1989b). The duration of heavy Tubularia
cover was shorter than average in 1991
at B19 (Figure 3.3.4-2). At the far-
field station, Twbularia sp. never oOC-
curtred in high freguencies (NAI 1992),
resulting in Tower-than-averge annual
mean (Table 3.3 4-1). This phenomenon
a1s0 occurred in 1982 (NAI 19B3a), 1983
(NAI 1984a), and 1988 (NAI 1989a). As 3
result, Tubularia sp. cover was signifi-
cantly lower in 1991 than during the
preoperational period at discharge Sta-
tion B19 and its farfield counterpart, a
difference that was part of an area-wide
trend and unrelated to plant operation.
There were no significant differences in
Tubularia cover in 1991 at Stations BO4
and B34,

3.3.4.2 erns of Communi
] nt (Monthl
ntial nel
Biomass

Monthly sequential panels provide
information on growth and successional
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patterns of community develcpment. One
method to assess seasonal patterns of
community development is to examine the
monthly biomsss levels. In 1991, sea-
sonal patterns of biomass were similar

to those observed during the pre-
operational period at both nearfield
stations (Figure 3.3.4-4). Biomass

remained low through May, then increased
steadily through October. Decreases in
biomass in November occurred at boih
stations and may have been related to a
severe northeaster storm that occurred
at the end of October. Biomass rebound-
ed in December &t both stations.

The 1991 monthly mean biomass Tevels
were above the preoperational average
from October to December at Station BO4
and from August to December at Station
B19 (Figure 3.3.4-4). This is in sharp
contrast to biomass values observed in
1990, which were well below average.
Analysis of wvariance results suggest
that biomass in 1991 was not signifi-
cantly different from to previous years
at both nearfield stations (Table 3.3.4-
4). However, biomass at B3l was signif-
icantly lower than during the pre-
operational period.

Annual Community Development

Community development was also as-
sessed by examining biomass, species
richness and abundance on surface panels
exposed for one year (Table 3.3.4-5).
Year-end biomass values in 1991 were not
significantly different from the pre-
operational averages, and were an order-
of -magnitude higher than the 1990 val-
ues.

The numb f non-colonial taxa col-
lected in “41 was higher than the pre-

operational average at all four stations
(Table 3.3.4-5). This difference was
statistically significani at B19 and
B31. The number of taxa wis also sig-
nificantly higher in 1990 2t B19 when
compared to previous years. Non-colo-
nial abundances in 1991 were ot signif-
icantly different from inose collected
during the preoperational period at al)
four stations, although farfield abun-
dances were substentially higher than
the preoperational average.

No Laminaria sp. occurred on the one-
year panels at the nearfield stations in
1991, consistent with the reduced num-
bers in 1990 and the variability during
the preoperational period. No signifi-
cant differences were noted between the
operational and preoperational periods
(Table 3.3.4-5).

As 811 parameters from one-year panels
were similar to previous years, or if
different, different at both nearfield
and farfield stations, there was no
indication of a plant-related effect.

Dominant Taxa

Seasonal patterns of community domi-
nants in 1991 were similar to those
observed during the preoperational peri-
od in most cases. Mytilidae spat set-
tled heavily on panels in June at both
nearfield stations (Figure 3.3.3-4).
Frequency of occurrence remained near
100% and was higher than average for the
remainder of the year. This pattern
also occurred in previous years (e.g..
1986, 19BB; NAl 19BBb). Mytilidae spat
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Figure 3.3.44. Mean biomass (g/panel) and Mytilidae (percen:t frequency of occurrence)
in 1990 and 1991 compared to mean and 95% confidence limits during the
preoperational period (Stations BO4 and B19 from 1978-1984 and July-
Debe;91986-l989) on monthly sequential panels. Seabrook Operational
Report, 1991.
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TABLE 3.3.4-4,

ANOVA RESULTS COMPARING MONTHLY SEQUENTIAL BIOMASS AT MID-DEPTH (B19, B31) AND
DEEP (BO4, B34) STATION PAIRS FROM 1978-1991.

SEABROOK OPERATIONAL REPORT, 1991.

SOURCE OF

STATIONS VARIATION df 33 ¢f MULTIPLE COMPARISONS
Op B19 _Pre B3l Pre B19 Op B3l

Mid-depth Preop-0p? 1 6.870.3 0.61 NS
819, B31 Year (Preop-0p)P 10 3,229,896.2  28.72%%+

Station® 1 21,545.3 1.92 NS

Month (Year)d 113 24,358.4  11.06%+*

Preop-0p X Station® 1 85,597.7 7.61%*

Error 123 1,383,414.9
Deep Preop-0p 1 19,300.5 1.69 NS
BO4, B34 Year (Preop-0p) 10 2.953,711.2  25.91%%+

Station 1 86,500.6 7.59%*

Month (Year) 113 13,929,948.5  10.81%+*

Preop-Op X Station 1 18,259.6 1.60 NS

Error 88 18,148,577.6

Ipreop-Op = 1991 v. previous years (1978-84; July 1986-December 1989 except B34, which began

in 1982)

Year nested within preoperational and operational pericds regardless of station

“Station regardless of year or period
Month nested within year regardless of station
®Interaction between main effects
fNS = Not significant (.05>p)
* = Significant (.01<p=<.05)
** = Highly significant (.001<p<.01)

*+%+ = Very Highly Significant (p<.001)



LOL~€

TABLE 3.3.4-5. DRY WEIGHT BIOMASS, NONCOLONIAL NUMBER OF TAXA, ABUNDANCE, AND LAMINARIA SP. COUNTS ON
SURFACE FOULING PANELS SUBMERGED FOR ONE YEAR AT STATIONS B19, B31, BO4, AND B34
DURING THE PREOPERATIONAL PERIOD (1982-1984 AND 1986-1989), IN 1990 AND 1991.
SEABROOK OPERATIONAL REPORT, 1991.

PREOPERAT!ONAL OPERATICNAL
STATION . 1 1990 1991
BIOMASS B19 661.5 476 .88 132.8 NS 1056.2 NS
(g/panel)
B31 708.9 522.86 52.1 NS 725.4 NS
BO4 600.9 474 .66 51.1 NS 627.5 NS
B34 B823.2 570.39 60.5 NS 1136.6 NS
NUMRER OF NON- B19 21.3 4.472 34+ 33>
COLONIAL TAXA
(No./panel) B31 25.9 4.60 24.0 NS 42+
BO4 23.6 4.16 24.0 NS 33 NS
B34 22.9 5.05 27.0 NS 36 NS
NONCOLONIAL B19 13.905.1 7,046.48 27.,625.0 NS 14,132 NS
ABUNDANCE
(No./panel) B2a1 21,967.6 18,398.27 23,265.0 NS 62,614 NS
B04 19,386.0 15,063.89 27,024.0 NS 27,440 NS
B34 19,221.7 19,986 .38 5.692.0 NS 35,432 NS
LAMINARIA SP. B19 24.3 36.91 0 NS 0 NS
{No./panel)
B31 39.3 29.24 4 NS 8 NS
B804 14.1 34 .40 ¢ NS 0 NS
B34 15.9 26.83 0 NS 0 NS

* . 01<ps.05 when preoperational and 1990, 1951 means tested with a single sample t-test
(Sokol! and Rolf 1969)
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measurements from monthly seguential
panels were compared to determine if
mean lengths differed between nearfield
and farfield stations in 1991. Mytilids
averaged approximately 7 mm in length in
1991 at all four stations {Table 3.3.4-
6). Annual averages of Mytilidae spat
lengths were similar between nearfisld
and farfield Stations B19 and B3l (t =
0.19, t a=.0. n=22 = 2.82) and B04 and

B34 (t = -d.fO, : £ a=.01., n=22 = 2.82).

In 1991, Jasssé marmorata appeared in
moderate percent fregquencies only in
September at B19 (Figure 3.3.4-5). In
general, frequencies were lower than the
preoperational average throughout the
year, but higher than in 1990, when J.
marmorata appeared in substantial fre-
quencies only in November. J. marmorata
occurred from June through December at
B04 in 1991. Frequencies were higher
than average in most of the summer and
fall months.

TABLE 3.3.4-6. NEARFIELD/FARFIELD COMPARISON OF ANNUAL MEAN LENGTH (mm),
AND STANDARD DEVIATION OF JASSA MARMORATA AND
MYTILIDAE SPAT COLLECTED IN 1991 ON MONTHLY SEQUENTIAL
PANELS. SEABROOK OPERATIONAL REPORT, 1981.

SPECIES 19891 B1% B31 BO4 B34

Mytilidae spat Mean 7.4 6.8 7.1 {9
<D 7.95 7.07 5.06 7.51

Jassa marmorata Mean 4.6 4.7 4.9 4.4
SD 1.38 1.27 1.87 0.70

Average lengths of Jassa marmorate
colonizing monthly sequential panels
measured approximately 4-5 mm in 1991
(Table 3.3.4-6). No significant differ-
ences were found between lengths at B19
and §31 (t = -0.15, ¢t a=.01, n=18 =
2.88) aﬁd BO4 and B34 (t=0.75, t a=.01,
n=17 = 7.97).

In 1991, Balanus sp. appeared at near-
field stations in April (BD4) or May
(B19), similar to previous years (Figure
3.3.4-5). Percent frequencies of occur
rence were higher than average for most

3-18

of the remainder of 1991. Freguencies
decreased markedly in September and
8gain 1in November, following severe
storms.

In 1991, Tubularia sp. appeared in
July at both nearfield stations, consis-
tent with the preoperational years (Fig-
ure 3.3.4-5). The amount of Tubularia
cover at Station B19 was average from
July through September and below average
for the rest of the year. At Station

-~
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panels for Jassa marmorata, Balanus sp., and Tubularia sp. at Stations BO4 and
B19 in 1990 and 1991, compared to mean and 95% confidence limits duning the
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B04, Tubularia cover was higher than
average from July through September; and
again in November and December.

3.3.4.3 Effects of Plan eration

The fouling community showed no evi-
dence of operational impact. Most pa-
rameters measured in 1991 were within
the 95% confidence limits established
during the preoperztional period. Dif-
ferences noted in 1951 occurred at both
nearfield and farfield stations, indi-
cating that differences were part of 3
regional trend. In one case, biomass on
monthly sequential panels, a difference
occurred in 1991 at the farfield station
but not at the nearfield station. My-
tilid abundances on short-ierm panels
were elevated in 1951 at nearfield Ste-
tions B19 and BO4, and farfield Station
B34, but not at farfield Station B31.
This repeats an area-wide trend of in-
creased mytilid abundances in 1990 and
1889. Although possibly related te
operation of Seabrook Station, it is
unlikely, given these trends.

3.3.5 lected Benthic Species

Eight macrofaunal taxa from the area
of the Jischarge (nearfield) and from 2
control area off Rve Ledge (farfieid)
were selected for intensive monitoring
from intertidal Stations BIMLW and
B5MLW, shallow subtidal stations B17 and
B35 and mid-depth Stations B19 and B31.
Selection of taxa was based on abun-
dance, and/or trophic level. Sampling
generally took place in three seasons:
May. August and November. For triannual
sampling regimes, 1990 could not be

included in tests of significance be-
tween preoperaticnal and operational
periods, since plant operation started
in August 1990. Densities of large
Strongylocentrotus droebachiensis and
Modiolus modiolus counted by SCUBA di-
vers on subtidal transects were estimat-
ed trisnnually.

3.3.5.1 Mytilidae

Mytilidae, composed primarily of juve-
nile (<25 mm) Mytilus edulis, was the
most abundant taxon at all three
nearfield/farfield station pairs. My-
tilus edulis, the blue mussel, can reach
100 mm in length (Gosner 1978), and is
an important prey species for fish, ses
stars, Jlobsters, and gastropods. It
clings to hard substrate with strong
byssal threads, is an important fouling
organism, and forms 2 habitat for many
other species. The geometric mean den-
sity for the 1978-1989 preoperationa’
period was over gn order of magnitude
higher at intertidal stations thau sub-
tidal depths (Table 3.3.5-1).

At the intertidal (BIMLW,B5MLW) and
shallow subtidal (B17,B35) depths, the
1891 (operational) densities were sig-
nificantly below the preoperational
densities at both the near- and farfield
stations (Tables 3.3.5-1,2). The inter-
action between station and cperational
status was not significant. At the mid-
depth stations (B19,B31), the trend was
the reverse of the shallow stations, and
densities were significantly higher in
1991 than during the preoperational
period. The density increase occurred
consistently at both near- and farfield
stations, as indicated by the lack of
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TABLE 3.3.5-1, GEOMETRIC MEAN DESITY (NO./S0. METER) OF SELECTED BENTHIC SPECIES
SAMPLED TRIANNUALLY IN MAY, AUGUST, AND NOVEMBER FROM 1978 THROUGH 198].
SEABROOK OPERATIONAL REPORT, 1991,

| | i PREOP® | 1990 | 1991 |
l l ' ....................... B T T

| TaYA | STATION | 1€L | MEAN | UCL | MEAN | MEAN |
' ............... l .......... s Poes snnm B ST B e e -
| MYT1LIDAE | BIMLN | 105260] 123874| 145780| 151366| 34352]
{ | BSMiW | 60128] 72491 B7397| 126900 24679
| | 817 | 2000] 2731 3570| 6774  632|
| | B3S | 3514 4667| 6198 5583| 2023
| | B19 | 1322| 1816) 2695| 6568| 4401
| | am | 4513| S878; 7657| 1555| 11221]
| NUCEL | BIm | 1647| 1928| 2256 3361  826]
| TIAPILLY | BSMLW ] 711]  BS5| 1029| 1411|  4B8|
| & tE | B7 | ss1| 631 73| 1238 871
i | B3s | 148  195|  256| 16BO0| 504
| | B1e | 97| 121 182 238  178]
! | 83 ] 47 60) 7 45| 4
| PONTOGENEIA | 817 | 1687 195§] 2266 1300] 1271
| | B35 | 1674| 2129| 2708| 1144] 1170|
i | 819 | spe| 623 762  643| 388
| | 83 { 326 399 a87| 21| 127|
| | ®817 | 88| 1034] 1307] 50Z| 1281]
i | 838 | 1187| 1673] 2358| 1196] 3226
| | BIMN | 13 22| 36| of 0|
| | BSMLH | 2| 3| 6 2% 206]
I | 817 i 3| 39| 50| 24| 16|
| | B2 | | 45 63 12} 19
| | B19 i 51 7| 97| 9] 33§
i | 82 | 22| 30| 40| 20| 22]
| MODIOLUS | 81 i 95 101 106 103 8|
i usb ] | €3] 8y 9| 8| 80|

8preoperationa) period extends through 1988, Sampling began in 1978

at Stations BIMLW,. B17, 819, and B231, #nd in 1982 at Stations BSMLW andg B35.
DConncrc1.1 operstion begen in August, 1980,

Sampling for Modiolus modiolus begen in 198D,
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TABLE 3.3.5-2.

RESULTS OF TWO-WAY ANALYSES OF VARIANCE COMPARING LOG-TRANSFORMED DENSITIES OF
SELECTED BENTHIC SPECIES AT NEAR- AND FARFIELD STATION PAIRS (1MLW/SMLW, B17/B35,
B19/B31) DURING PREQ! ZRATIONAL (THROUGH 1989) AND OPERATIONAL (1991) PERIODS.
SEABROOK OPERATIONAL REPORT, 1991.

SAMPLED IN
MAY, AUGUST, NOVEMBER
STATION SOURCE OF b MULTIPLE ¢
SPECTES? PAIRS VARIATION df SS F COMPARISONS
Mytilidae BIMLW Preop-0p© 1 6.73 54, 27 %%+ Preop>0p
(<25 mm) BESMLW Year (Preop-0Op) 11 4.66 . 42%%*
Month (&ear) 26 A 7.3G%%*
Station 1 0.95 7.65%* BIMLW>BSMILW
Preop-0Op X Station® 1 0.06 0.47 NS
Error 249 30.86
B17 Preop-0p 1 5.99 23.58%%* Preop>0p
B35 Year (Preop-0p) I8 21.01 7 .52 %%w
Month (Year) 26 41.89 6.34%%+
Station 1 3.50 13.79%%* B35>B17
Precp-Op X Station 1 0.49 193 RS
Error 241 61.22
B19 Preop-0p 1 2.98 8.36%* Op>Preop
B31 Year (Preop-0p) 11 64.73 1650
Month (Year) 26 34 .44 311"
Station 1 6.23 17 . 47%** B31>B19
Preop-0Op X Station 1 0.14 0.39 NS
Error 294 104 .83

(continued)
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TABLE 3.3.5-2. (Continued)
SAMPLED IN
MAY, AUGUST, NOVEMEER
STATION SOURCE OF b MULTIPLE ¢
SPECIES? PAIRS VARIATION df SS F COMPARISONS
Modiolus modiolus B19 Preop-Cp 1 62474 .44 4.49~ Preop>0p
(adults) B31 Year (Preop-0p) 9 1054127.19 B.42">
Month (Year) 22 591539.03 1.93%*
Station 1 512.94 0.04 NS
Preop-0Op X Station 1 103.70 0.01 NS
Error 750 10427369.62
Nucella lapillus BIMLW Preop-0p 1 3.10 24 29%%* Preop>0Op
BEMiW Year (Preop-Op) 11 6.46 4. 60%**
Month {(Year) 26 17.22 5.18%e*
Station 1 1.78 13. 950 BIMLW>BSMLW
Preop-Op X Station 1 0.03 0.23 NS
Error 249 31.83
Asteriidae B17 Preop-0p 1 1.87 20 . Boyr+ Op>Preap
B35 Year (Preop-0p) 11 16.56 16.79%%*
Month (Year) 2k 17.87 .l o
Station 1 2.95 3. Yo B17>B35
Preop-0Op X Station i 0.26 2.92 NS
Error 241 21.60
Pontogeneia inermis B19 Preop-0p 1 3.09 14.60*>* Preap>0p
B31 Year (Preop-0Op) 11 6.74 e .50
Month (Year) 26 27.10 § . Jree
Station 1 2.94 13.88%*+ B19>R31
Preop-Op X Station 1 0.66 3.11 NS
Error 294 62.19

(continued)
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TABLE 3.3.5-2. (Continued)

SAMPLED 1IN
MAY, AUGUST, NOVEMBER
STATION SOURCE OF b MULTIPLE f
SPECTES? PAIRS VARIATION df SS F COMPARISONS
Jassa marmorata B17 Preop-0p 1 0.53 1.56 NS
B35S Year (Preop-Op) 11 16.01 4 27 %**
Month (Year) 26 21.98 B Sediades
Station 1 2.91 B.52** B35>B17
Preop-Op X Station 1 0.15 0.45 NS
Error 241 82.23
Ampithoe rubricata BIMLW Preop-0p 1 0.30 0.77 NS
BEMLW Year (Preop-0Op) 11 236.02 55.35%+¥
Month (Year) 26 31:2¢2 3. e
Station 1 33.85 87.32%** BSMLW>BIMLW
Preop-0Op X Station 1 31,28 80.54**+ B50p B5Pre BlPre B1Op
Errer 249 96.52
Strongylocentrotus B19 Preop-0p 1 1.49 3.01 NS
droebachiensis B3l Year (Preop-Op) 1i 39.67 T.2T***
Month (Year) 26 38.96 k I ol
Station 1 2.12 4.27* B19>B21
Preop-Op X Station 1 0.32 0.64 NS

Error 294 145.78

aIog TX¥1) density, except for M. modiolus adults, were sampled semi-quantitatively and were compared with
brank densities,

NS = not si?nificant (p>0.05)

* = significant (0.052p>0.01)

*+* = highly significant (0.012p>0.001:
E** = very highly significant (p<0.001.
dpreoperational (through 1989) versus operational (1991) period, regardless of station

nearfield = Stations IMLW, B17, and B19; farfield = Stations B5MLW, B35, B31l, regardiess of
eyear/period
finteraction between main effects

gnderlining signifies no significant differences (alpha = 0.05) among least squares means with a paired

-test.




BENTHOS
SELECTED SPECIES

significance in the interaction term.
The pattern of decreased mytilid density
at intertidal and shallow subtidal sta-
tions, and increased density at mid-
depth stations, also occurred between
1984 and 1985 (NAI 1991b). Since all
changes in mytilid density occurred at
both near- and farfield stations, and
reflected patterns observed in some
precperational years, it is unlikely
that plant operation was a primary fac-
tor in tnese changes.

The Mytilidae collected usually ranged
from Tess than 1 mm to 25 mm in iength,
and averaged between 2 and 3 mm. Many
of the smallest mytilids had settled on
macroalgae rather than on the bottom or
hard substrate, & pattern also observed
by other investigators (Bayne 1965;
Suchanek 1978). The preoperational mean
length of intertidal mytilids was
slightly larger than subtidal mytilids
(Table 3.3.5-3), while intertidal popu-
lation densities were much higher than
subtidal densities (Table 3.3.5-1).
Densities and lengths in 1991 and 1990
followed the same trend. Historically,
mean mytilid lengths within each of the
station pairs exhibited no significant
variability among years (NAI 1987b). In
1991, the lengths at all three station
pairs were within the range of previous
years (NAI 1891b).

3.3.5.2 Nucells lapilius

Reaching up to 51 mm in length (Abbott
1974), Nucella lapillus is an abundant
intertidal gastropod drill and an impor-
teant predator, particularly on mytilid
spat and barnacles (Gosner 1978). In
1991, densities were significantly lower

than preoperational densities {(Tables
3.3.5-1,2), as this trend occurred at
both stations, the interaction (Preop-op
X Station) was not significant. At the
nearfield station (BIMLW), the 1991
densities were within the range of pre-
vious years (NAI 1991b), while the far-
field density (BS5MLW) was at an all-time
low. The area-wide below-average densi-
ties in 1991 follow area-wide above-
average densities in 1990 (NAI 1991b),
coinciding with a similar trend in my-
tilids, one of its major prey species.

During preoperational years, Nucella
averaged 6.0 mm in length in nearfield
stations and 6.9 mm in farfield sta-
tions. In 1990 and 1991, the mean
lengths were well below average. In
1991 (a low-density year), about 66% of
the Nucella were juveniles measuring 5
mm or less (NAIl 1992). 1In 19380 (& high-
density year), the proportion of juve-
niles was slightly higher, and reached
78% at the nearfield station, indicating
recruitment was high (NAl 1991a). Pre-
vious studies have shown juveniles (2-5
mm) are more evenly dispersed throughout
the year, and adult snails are active
only from May through October, retreat-
ing into crevices in the winter (Menge
1978).

3.3.5.3 Asteriidae

The Asteriidae collected are juve-
niles, too small to be assigned to ge-
nus. Two species of both Asterias and
Leptasterias can occur within the study
area (Gosner 1978). Asteriidae are
important predators on bivalves, partic-
ularly on the recently-settled stages,
as well as other mollusks and barnacles

3-19%
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TABLE 3.3.5-3. ANNUAL MEAN LENCTR (MM) AND 95X CONFIDENCE INTERVAL FOR SELECTED BENTRIC SPRCIES

FiOH 1967 TIROUEH 1981 SOABRCON OPERATIONAL REPORT. TooT. T o ione

- — -

i | PREOP  (1982-89) Lo19% ¢ 1991 )
! et —— b ——— e !
! TRYXA STATION ! 1L ! MEAN®™ ! 1CL | MEAN® | MEAN® !
e |eemm .- Ve e Arcnrc - bormm e e ]
| MYTILIDAE® ! 1AM R 3.1 3.2! 3.1 Ll
! I OSMLW ! 3.2} 3.3 3.3 3.5! 2.0
: 1 2.3 2.3 2.4! 2.2 2.6!
i I 3% ! 2.4 2.5 2.5 2.5 2.2!
1 L1s ' .3 2.4 2.4 3.00 2.0!
! o3l ! R 1 2.8! 2.9 2.7 2.5!
! NUCELLA LOIMLE i 6.7 6.9 1.0! 5.4 5.4!
! LAPILLUS ¢ SMIN ! 5.8! 5.0! 6.2! 5.9 5 4!
! ASTERIIDAE ! 17 ; 48 5.0! 51! 3.3 5.2!
: HE: ' 6.4! 6.7 7.1 3.0 5.6!
! PONTOGENEIA ' 19 ) 5.0 5.1 5 3! 5.2! 5.4!
' INERMIS ' 3 5.2! 5.3! 5.4 6.0! 5.9!
| JASSA % | | 1! 4.2! 42! 3.9 4.5
! MARMORATA ' 3% ! 3.9 3.9! 4.0! 4.0! 44
! AMPITHOE D |7 I 6.7 1.0¢ 1.3 €1 9.9

! RUBRICATA ! SMLW ; 1.4 7.8 B2 6.1! 7.6!
! STRONCYLOCEN- ' 19 : 1.8} 1.9 2.0¢ 1.0} 1.5}
! TROTUS DROE- ! 31 i 1.8! 1.9 2.0! 2.3 2.00

®Mean = sum of the ’angthe of all individuals measured in May, August, and
November/total number of individuals measured in that year

"ﬂytllldae 275 mm vere considered outliere, and not used in calrulations of the mean

€. = none collected

3-196




BENTHOS
SELECTED SPECIES

{(Gosner 1978). Abundances of asteriidae
were highest at the shallow subtidal
station pair (B17,B35).

Asteriidae densities were significant-
1y higher in 1991 than their baseline
densities: because abundance increased
at both nearfield and farfield stations.
There was no significant interaction
(Table 3.3.5-1,2). As in previous
years, differences between stations and
among years, were significant, with more
sea stars usually occurring at the near-
field station. 1891 was the second
consecutive year of well above average
densities, coinciding with lower-than-
average mytilid density, one of its
major prey items at the shallow subtidal
pair.

In 1991, the annual average iengih was
well within the range of annual means
taken during the precperational period
{(Table 3.3.5-3). Over 50% of the speci-
mens collected in 1991 were 1 mm or less
at both stations, and most of these were
collected in August (NAT 1992).

3.3.5.4 Pontogeneia inermis
Pontogeneia inermis {(maximum length,
11 mm) is a pelagic, cold water amphipod
(Bousfield 1973), and a dominant species
in both benthic and macrozooplankton
collections (Section 3.1.5). It clings
to submerged algae from the lower inter-
tidal to depths greater than 10 m (Bous-
field 1973). In 1991, densities at both
near- and farfield mid-depth stations
were similar to 1990 and significantly
below the preoperational average. The
interaction term (Preop-Op X Station)
was not significant (Tables 3.3.5-1,2).

Since the decline began prior to plant
operation and occurred at both stations,
it was related to area-wide occurrences,
not 8 local effect of plant cperation.
Differences between stations were $ig-
nificant with the nearfield (B19) having
a higher density than the farfie'd (B31)
in most years (Tables 3.3.5-1,°).

During the preoperational period,
ovigerous and brooding females have been
collected in low numbers from January
through September (NAl 1985b). Histori-
cally, recruitment, as indicated by a
sharp increase in density and increased
numbers in the 1 to 3 mm size class, has
taken place between May and July. In
fall and winter, abundance decreased,
but average size increased as the popu-
lation grew (NAI 1985b). The 1991 mean
lengths were above the preoperational
average at both stations, while popula-
tion densities were below the preopera-
tional average {(Table 3.3.5-3).

3.3.5.5 Jassa marmorsta

Jassa marmoratsa is a tube-building
amphipod, and 3 dominant fouling organ-
ism on hard substrates in areas with
strong tidal and wave currents (Bous-
field 1973). It is a suspension feeder,
and also preys on small crustaceans.
The 1991 annual densities of Jassa at
both stations were slightly higher than
the preoperational means, although the
difference was not significant (Tables
3.3.5-1.0). Likewise, no significant
interaction occurred between 1991 and
preoperational averages at the nearfield
farfield station pair (Table 3.3.5-2),
indicating stable populations at both
stations.
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Most lifestages of Jassa were collect-
ed at Stations Bl17 and B35, ranging from
gravid females to newly-hatched young
(NAI 1985b). The average length (all
lifestages combined) during the preoper-
ational period was 4.2 mm at Station B17
and 3.9 mm at Station B35. 1In 1891, the
mean length at both stations was above
the preoperational average (Table 3.3.5-
3), but within the range of annual mean
lengths in previous years (NAI 1991b).

3.3.5.6 Ampithoe rubricats

Ampithoe rubricata (maximum length,
14-20 mm) is an amphi-Atlantic amphipod
that ranges south to Long Island Sound.
It constructs a nest of tubes among
fucoid algae and in mussel beds (Bous-
field 1873). It is found primarily in
intertidal areas, but is occasionally
common at shallow subtidal stations.
Yearly densities have fluctuated signif-
icantly during the study period, and
steadily declined from about 500/m2 in
1979 to 1986 when none were collected
(NAI 1981b). In 1988, populations at
the farfield station showed a slight
increase in abundance that has continued
through 1991. No Ampithoe were collect-
ed at Station BIMLW in 1990 and 1991,
but densities were higher than average
at BSMLW, as reflected in the signifi-
cant Preop-op X Station interaction
(Table 3.3.5-2).

Ovigerous and brooding females were
rare, but during the preoperational
period were occasicnally collected from
April through September (NAI 1985b).
The largest numbers of small (1-3 mm)
individuals were collected from April
through September, suggesting recruit-

ment occurred during this time period.
In 1983 and 1984, recruitment appeared
depressed, accounting for both lower
overall densities and larger mean size
(NAI 1985b), @&nd the trend continued
through 1990 (NAI 1991b). In 1991, the
average length measured 7.6 mm at BSMLW,
and 9.9 at the nearfield station, where
only two specimens were collected. The
relatively large mean length is due to
the lack of smaill (1-3 mm) individuals
in the population measured three times
annually. In 1991, small Ampithoe com-
prised 10% of the population at the
farfield station, and none occurred at
the nearfield station (NAI 1992).

3.3.5.7 rongylocentrot
droebachiensis

Strongylocentrotus droebachiensis, the
green sea urchin, reaches 75 mm in diam-
eter, and is an important prey species
for lobsters, cod and other demersal
fish, and ses stars (Gosner 1978). It
is an omnivore, but prefers grazing on
Laminaria saccharina over other common
21gal species (Larson et &l. 1980; Mann
et al. 1984). When the macroazigae sup-
ply is depleted, it will prey on My-
tilus edulis (Briscoe and Sebens 1988).
It is subject to population "explosions”
that can denude large areas of macro-
algae, leaving barren rock (Breen and
Mann 1976). Density in 1991 was slight-
1y lower at both stations, but the dif-
ference was not significant. Likewise,
the interaction was not significant
(Teble 3.3.5-1,2).

Most of the individuals collected
subtidally were juvenile, measuring less
than 3 mm in diameter. Recruitment of
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newly-settled young through 1984 has
historically occurred in August and
September (NAI 1985b). Average lengths
in 1991 were 1.5-2.0 mm (Table 3.3.5-3),
and were within the range of the study
period.

In order to account for adult individ-
uals that were too large to be collected
in the benthic sampling program, sea
urchins were enumerated by SCUBA divers
in the subtidal transect program. No
more than 3 total of 13 large (>10 mm)
sea urchins per year were Counted
(0.02/m2) in the first three years of
sampling (NAl 1986a, 1987a, 19BBa).
From 1988-1990 & gradual increase oc-

curred to @& maximum of 70 wurchins
(0.14/m%) in 1990 (NAI 1988a, 1989a,
199Ca). By 1991, numbers had dropped to

pre-1988 levels, with a grand total of 7
urchins (0.01/m2) from all four tran-
sects sampled during three seasons (NAI
1992). The extremely low densities of
adult urchins in comparison to juveniles
indicate that natura) forces are keeping
this potential nuisance species under
control.

3.3.5.8  Modiolus modiolus

Modiolus modiolus, the northern horse
mussel, is a boreal species that reaches
a length of 15 cm (Gosner 1978) and
forms beds subtidally, which can survive
for several decades (Witman 1985).
Modiolus populations, like large sea
urchins and macroalgae, were enumerated
triannually by divers along randomly
pre-selected, radiating transects. They
were most abundant at mid-depth Station
B19 (near the discharge) and its far-
field counterpart, B31. Although Modio-

lus densities were significantly below
the preoperational averages in 1991, the
decline occurred at both near- and far-
field stations, resulting in no signifi-
cant differences in the interac. » term
(Tables 3.3.5-1,2). Since the decreases
were within the range of annual varia-
tion, and occurred at both near- and
farfield stations, it is not likely to
be an effect of plant operation.

3.3.5.9 Effects of Plant Operation

In conclusion, patterns in abundance
and size distribution in selected ben-
thic species were only slightly less-
predictable than community characteris-
tics presented in Section 3.3.3. During
the preoperational period, abundances
have varied among years and between near-

and farfield stations (NAI 1891b). In
1991 (operational period), the abundance
of mytilids (B19,B31 only) and asteriids
(B17,B35) was significantly higher than
the preoperational average. Likewise,
the operational (1981) abundances of
mytilids (B17,B35; BIMLK,BS5MLW), Modio-
lus (B19,B31), Pontogeneia (B19,B31;,
and Nucella (BIMLW,BSMLW) were signifi-
cantly lower than the preoperational
averages. In each case, both near- and
farfield stations followed a similar
trend. Since operational increases or
decreases occurred at both near- and
farfield stations, there is not evidence
of plant impact., only area-wide annua)l
variations.

The only species to show a signifi-
cantly different trend between the near-
and farfield stations in 1991 was Ampi-
thoe rubricata, which had the lowest
preoperational mean densities. In 1991,
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densities were well below the pre-
operational average &t the nearfield
station (BIMLK) and well above the aver-
age at the farfield station (BSMLW).
Following the virtual disappearance of
the populations of both stations 1in
1984, A. rubricata reappeared in the
farfield only in May 1990 and continues
to increase through 1991, Since the
decrease occurred at both stations and
the increase began before the plant
started commercial operation, differ-
ences may be attributed to natural tem-
poral and spatial wvariations, rather
than an impact of plant operation.

Length measurements have historically
been & stable indicator of population
recruitment and growth, showing Jlow
variability among years. In 1891, the
average 1lengths of all species were
within range of previous years (NA]
19%0b). Average Ampithoe lengths were
above average at both stations because
only two adults were collected at the
nearfield station, and only a3 few young
measuring <5 mm were collected at the
farfield station.

3.3.6 ibenthi rustacea
3.3.6.1 American ter Homar
americanus)
Lobster lLarvae

Lobster larvae densities in 1991 were
significantly higher than during the
preoperational period at al)l three sta-
tions, continuing a trend first observed
in 1990 (Tables 3.3.6-1,2:; NAIl 1991b).
There were no differences among the
three stations during the study period.

reak numbers of lobster larvaee at the
discharge station occurred in June,
July, and August, and were rare in May,
September and October, similar to previ-
ous years (Figure 3.3.6-1). The occur-
rence of peak abundances of 1lobster
larvae in the study area is consistent
with other studies in New England, sum-
marized by Fogarty and Lawton (1983) as
occurring from June through August.
Other studies relate first appearance
with a surface temperature of 12.5°C
(Harding et al. 1983), which typically
occurs in June or July in the study area
(Figure 3.1.1-1). Increased density in
1991 was due mainly to increases in
Stage IV larvae, the most numerous of
the four lifestages (Figure 3.3.6-1).
Stage 1 larvae were the second-most
abundant 1lifestage both in 1991 and
during the preoperational period. Stage
11 and Stage 111 larvae were the least
abundant lifestages. Stage 1 lobster
predominated in the majority of studies,
mainly from soputhern New England, re-
viewed by Fogarty and Lawton (1983),
although Stage IV lobsters were most
numerous in some years in Cape (Cod and
Buzzards Bays, and Long Island Sound. A
preponderance of Stage IV larvae typi-
fied the coast of southwestern Nova
Scotia south tc New Hampshire, supplied
by lobster stock in the warm southwest-
ern waters of the Gulf of Maine and
Georges Bank (Harding et al. 1983, Har-
ding and Trites 1988).
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TABLE 3.3.6-1. At AN, ARIOMIGE 0 EODRRAC S RGOLTER VAAEATERRT (380405 PR FE®
FEMALE JONAH AND ROCK CRABS AT NEARFIELD (P2, PS5 FOR LARVAE, L1 FOR ADULTS) AND

FARFIELD (P7,L7) STATIONS DURING PREOPERATIONAL YEARS, 1990 AND 1991.
SEABROOK OPERATIONAL REPORT, 1991.

PREOPERATIONAL YEARS?

SPECIES STATION LCL xP ucL 1990 1991
(period sampled)

Lobster larvae P2 0.4 0.5 0.5 1.0 0.9
(May-0Oct) P5 0.0 0.5 1.3 0.9 0.9

P7 0.5% 0.6 0.7 2 1.1
Lobsters, total L1 2.1 64.1 66.1 88.1 76.3
(Jun-Nov) L7 B2.2 86.9 91.6 103.5% 65.6
Lobsters, legal-sized L1 6.9 7.2 7.5 2.6 2.4
(Jun-Nov) L7 5.6 6.0 6.4 27 1.6
Lobsters, female L1 37.1 39.0 40 .9 47.7 42 .9
{Jun-Nov) L7 44 .6 47.1 49 .6 55.4 36.5
Lobsters, ovigerous L1 0.5 0.6 0.6 0.5 0.4
{(Jun-Nov) L7 0.4 0.6 0.7 0.5 0.7
Cancer sp. larvae P2 17480.5 25250.1 36472.8 9249.2 52165.3
(May-Sep) P5 4610.3 9531.0 19702.6 8880 .8 24769 .3

P7 11585.0 24121.3 50222.4 15764 .4 40766.3
Jonah crabs, total Li 11.3 12.6 13.8 i4.8 11.0
(Jun-Nov) L7 8,7 9.5 10.3 5.9 5.2
Jonah crab, females L1 8.7 9.7 10.7 10.2 7.9
{Jun-Nov) L7 6.1 6.8 7.8 3.6 3.0
ik crab, total L1 2.1 2:5 2.9 4.4 1.9
(Jun-Nov) L7 1.2 1.6 1.9 4.5 3.%
Rock crab, female Ll 0.3 0.5 0.7 1.2 0.5
(Jun-Nov) L7 0.2 0.3 0.4 0.6 1.5

gpreoperationa1 P2, P7, L1, L7: 1982-1989. PS: 1988-1989
Geometric mean for lobster larvae and Cancer spp. larvae
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TABLE 3.3.6-2.

RESULTS OF ANALYSIS OF VARIANCE COMPARING DENSITIES OF LOBSTER AND CANCER SP. LARVAE

COLLECTED AT INTAKE, DISCHARGE, AND FARFIELD STATIONS, AND CATCHES OF TOTAL AND
LEGAL-SIZED LOBSTERS, JONAH CRAB, AND ROCK CRAB AT THE DISCHARGE STATION AND

RYE LEDGE. SEABROOK OPERATIONAL REPORT, 1991,

SOURCE OF b
SPECIES VARIATION? df 5SS F MULTIPLE COMPARISONS
Lobster larvae Preop-Op 1 0.76 20 JIT*¥ Op>Preop
(May-0Oct) Station 2 0.08 1.09 NS

Year (Preop-0p) 7 0.59 2.22%

Week (Year) 168 36.50 5. J3ves

Preop-Op X Station 2 0.01 0.13 NS

Error 382
Lobster Preop-Cp 1 5997 .41 6.24* L7 Pre L1 Op Li Pre L7 Op
(total catch) Station 1 2909 .80 3.03 NS i
(Jun-Nov) Year (Preop-Op) 7 145343 .87 21 ., 597w

Month (Year) 45 1365568.08 3] .55%%+

Preop-Op X Station 1 10266.12 10.67**

Error 1068 2665339 .88
Lobster Preop-0p 1 1221.31 102.66%** Preop>Op
(legal size) Station 1 1.75 0.15 NS L1 = L7
(Jun-Nov) Year (Preop-Op) ’ 3647.79 43 .80**+

Month (Year) 45 6941.21 12.97%%+

Preop-Op X Station 1 3.73 0.31 NS

Error 1098
Cancer sp. Preop-0p | 4.98 65.55* Op>Preop
larvae Station 2 1.69 1.11 NS
{May-Sep) Year (Preop-0p) 2 0.62 0.41 NS

Month 16 95,77 7.88%xe

Preop-0p X Station > 4 0.16 0.10 NS

Error 96

{continued)
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TABLE 3.3.6-2. (Continued)

SOURCE OF b
SPECIES VARIATION? df SS F MULTIPLE COMPARISONS
Jonah crab Preop-0Op 1 462 .95 5.03* Preop>0p
(Jun-Nov) Station 1 1404 .62 17.09%%= L1M7
Year (Preop-0Op) 7 15301.34 20 . 5grr
Month (Year) 45 58583.24 15.84 %%+
Preop-0p X Station 1 63.74 0.78 NS
Error 1076 88445 .99
Rock crab Preop-0p 1 47 .94 3.36 NS L7 0p L1 Pre L1 Op L7 Pre
(Jun-Nov) Station 1 $5.53 3.89+ ~
Year (Preop-Op) 7 3169.06 31.70%**
Month (Year) 45 4626.71 % L el
Preop-0Op X Station 1 270,37 18.93%»
Error 1076 15367.52

aPreop-Op = Preoperational period (Lobster, Cancer larvae, all stations: 1988, 1989; Adult lobster
and crabs: 1982-1989) vs. 1991 regardless of Station or month,
Station = Station differences (Lobster and Cancer Larvae: P2, PS5, P7; Adult lobster: Discharge (L1) and
Rye Ledge (L7)) regardless of year, month or period.
Preop-Op X Station = Interaction of main effects.
Year (Preop-Op) = Year nested within preoperational and operational periods regardicss of year, month
or Station.
bnonth (Year) or Week (Year) = Month or week nested within Year, regardless of Station.
NS = Not significant (p>0.05)
* = Significant (0.052p>0.01)
Highly significant (0.012p>0.001)
Very Highly Significant (0.0012p)
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Figure 3.3.6-1. Weekly mean log (x+1) density of lobster larvae (n0./1000 m?) at Station
P2, log (x+1) density of stage L, II III and IV lobster larvae at Station P2 and
monthly catch per unit effort (15 wraps) of adult and legal-sized lobster at

discharge Station L1 and 95% confidence intervals during the preoperational
period (1978-1989: larvae, 1975-1989: aduits), and monthly means in 1990 and

1991. Seabrook Operational Report, 1991.
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Adults

Adult Tobster catch in 1991 (collected
from Jungé through November onl») aver-
aged 76.3 per 15-trap effort at the
discharge Station L1. The average catch
was higher than the preoperational aver-
age, although lower than the annual
catch in 1990 (Table 3.3.6-1). Adult
catches at the farfield Station L7 were
consistently higher than those at L1
through 1990, but were lower than those
at L1 imn 1991. Anaiysis of variance
results indicate annual adult catch at
the discharge site in 1991 was not sig-
nificantly different from catches during
the preoperational period, unlike 1991
catch at the farfield site, which was
significantly lower than during the
preoperational period (Table 3.3.6-2).

Seasonal patterns in 1991 were similar
to previous years with one exception.
Adult catch at the discharge station
increased from July through September,
decreased in October, then increased in
November (Figure 3.3.6-1). Catches
during the peak periods (August, Septem-
ber, November) were higher than the
preoperational average. The seasonal
pattern of lobster catches in 1991 was
typical of the New England lobster fish-
ery (New England Fishery Management
Council 1983). New Hampshire Fish and
Game (1992) also reported 1991 lobster
catches from traps set in coastal New
Hampshire were highest in August but
were substantially lower in September
and October. Seasonal variations in
lobster catch are probably in part due
to regional temperature changes, which
act to increase the activity level, in
turn enhancing the likelihood of being
caught (Mcleese and Wilder 1958, Dow

1969). In addition, temperature may
affect seasonal iobster migrations
(Campbell 1986). In New Hampshire.

adult lobsters are thought to move ir-
shore in spring and summer and offsho ¢
in fall and winter (NHFG 1992).

Year-to-year fluctuations in lobster
catches are thought to be influenced by
a8 number of factors It has been sus-
pected that lobster densities are corre-
lated with numbers of larvae (Harding et
al. 1982), but others reject this idea
(Fogarty and Idoine 1986). The availa-
bility of cobble substrate for recruit-
ment of early benthic phase lobsters may
also 1imit lobster populations (Wahle
and Steneck 1991). Temperature is known
to affect lobster catches. Total lob-
ster catch in Maine (assumed to be le-
gal-sized only) has been correlated with
surface water temperature, both in the
current year and six years prior
(Fogerty 1988; Campbell et al. 1991).
Higher temperatures also increase the
likelihood of the molting of sublegal-
sized lobsters into a harvestable size
(Fogarty 1988). Inshore lobster catches
in the northeastern United States have
steadily increased from 1975-1990, re-
flecting both an increasing population
as well as increasing effort by fisher-
men, who may be trying to offset new
size limits (NOAA 1991b). Evidence
suggests that in Maine, newly-recruited
legal lobsters are almost completely
harvested in the same year (Fogarty
1988). Thus, although regional tempera-
tures were higher than average in 1990
and 1991 (Table 3.1.1-1), they may have
had no effect on this highly-exploited
resource.
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Legal-sized Lobsters

Catches of legal-sized lobsters are
affected by the same environmental con-
ditions that affect total catch as well
as changes 1n the regulations governing
the fishery. The legal-size limit for
lobsters has been increased in 1984,
1989, and in 1990, and is currently
defined as a carapace length of B3 mm (3
174%). Each increase in the legal size
reduced the proportional catch of legal
sized lobsters (NAI 1991b, Figure 3.3.6-
2). In 1991, the annual catch of 2.4
lobsters per 15-trap effort at the dis-
charge sta2tion was similar to that in
1990 and significantly lower than the
preoperational average of 7.2 (Tables
3.3.6-1.2). There was no difference
between the nearfield and farfield sta-
tions.

The seasonal pattern of legal-sized
lobster catches in 1991 appeared to be
unrelated to seasonal patterns of adult
Tobsters, with the exception of November
(Figure 3.3.6-1). Catches remained low
from June through October, then in-
creased dramatically in November as did
total catch. 1In 1990, legal-sized lob-
sters showed no seasonal trend, unlike
the preoperational average, which mir-
rored total catches.

i 1 Distri ion

The majority of lobsters collected in
1991 were in the 67-79 mm (2 5/B*-3
1/8") size class, as was true in 1990
and in previous years. Lobsters measur-
ing 54-67 mm (2 1/B-2 5/B8") ranked sec-
ond in abundance in 1891 (Figure 3.3.6-
2). Catches in the 79-92 mm size class,

which includes both 1legal-sized and
sublegal-sized lobsters, were lower than
in 1990, but higher than in 1989, when
the last increase in the legal-size
1imit was made. In & 1991 study of New
Hampshire coastal areas, the majority of
lobsters measured between 77 and BO mm,
with an average length of 78 mm (NHFG
1852).

Female 1lobster catch averaged 42.9
CPUE at the discharge station in 1991,
slightly more than half of the total
lobster population (Table 3.3.6-1).
This was similar to the 1984-1989 peri-
od, which ranged from 54-56% (NA]
1991b). The proportion was similar at
Rye Ledge, both in 1991 and during the
preoperational period. NHFG studies
found that females constituted 52% of
the total legal-sized population (Grout
et al. 1989).

tgg-bearing female lobsters represent-
ed & small component of the lobster
population for 1991; berried females
averaged 0.4 CPUE, ccmposing 0.5% of the
total catch at the discharge station.
Catches of ovigerous females at Rye
Ledge were slightly higher, averaging
0.8 per effort or 1% of the tota] catch
(Table 3.3.6-1). The percent of egg-
bearing female lobsters has been vari-
able, but generally less than 1% during
the preoperational period (NAI 1991b:
Table 3.3.6-1). C(Changes in legal-size
limits for fishing do not appear to have
affected the proportion of egg-bearing
females. NHFG studies (Grout et al.
1989) found that 0.4% of the total lob-
sters examined during lobster surveys
from 1983-1985 were berried.
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Figure 3.3.6-2. Percentage and catch (per 15 traps) of legal-sized and sublegal-sized lobsters
and size-class distribution at the discharge site L1 from 1975-1991. Seabrook

Operational Report, 1991.
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In 1991, 29 lobsters were impinged in
the plant's cooling water system. Nine-
teen of these (66%) were impinged in
November, following the severe North-
eastern storm. Four lobsters were im-
pinged in 1990. This level of impinge-
ment does not represent 3 threat to the
local lobster population.

3.3.6.2 Jonah Crab (Cancer boreali
nd Rock Cr ncer

irroratus)

Larvae

Cancer spp. (Cancer borealis and Can-
cer irroratus) larvae had significantly
higher peak abundances in 19%1 in com-
parison to the preoperational period at
211 three stations (Tables 3.3.6-1,2).
Average densities were @t least double
those of the preoperational period. The
seasonal trend of occurrence at P2 was
similar to previous years. Densities
were low from January through April,
peaked from May through September, then
decreased from October through December
(Figure 3.3.6-3).

Adults

Annual Jonah crab (Cancer borealis)
catches in 1991 averaged 11.0 CPUE at
the discharge station and 5.2 at Rye
Ledge, significantly 1lower than the
preoperational average at both stations.
However, 1991 catch levels at the dis-
charge site were not unusuai, but were
similar to catches in 1987, and higher
than the low catches observed from 1982-
1984 (NAI 1991b). Catches at Rye Ledge
were lower than those at the discharge

station in 1951, consistent with previ-
ous years (Tables 3.2.6-1.2). Female
crab catches were al1so lower than aver-
age in 1991, but composed approximately
three-quarters of the total catch st the
discharge station, similar to the aver-
age proportion during the preoperational
period. Highest catches in 1991 at the
discharge station occurred from July
through September, but lacked the typi-
cal August peak evident in the precpera-
tional average (Figure 3.3.6-3).

Rock crabs (Cancer irroratus) were
less abundant than Jonah crabs in the
study area, a result of intra-specific
competition (Richards et al. 1983) and
their preference for sandy habitat rath-
er than the cobble-rock that predomi-
nates in the area (Jefferies 1966, Big-
ford 1979). Rock crab catches in 1991
averaged 1.9 CPUE at the discharge site
and were not significantly different
from the preoperational period. Howev-
er, Rye ledge catches averaged 3.5 in
1951 and were significantly higher than
the precperational average (Table 3.3.6-
1,2). 1In 1991, catches at the discharge
site were highest in July, but decreased
in August and remained below average for
the remainder of the year (Figure 3.3.6-
3). Female crabs composed approximately
one-quarter of the total catch at the
discharge site in 1991, consistent with
previous years (Table 3.3.6-1). Howev-
er, female crabs at Rye Ledge were much
more numerous in 1991 in comparison to
previous years,

3.3.6.3 Effects of Plant Operation

Differences occurred in 1991 in larval
and adult stages of the predominant
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Figure 3.3.6-3. Monthly means and 95% confidence intervals of log (x+1) densir (no./1000 m3)

of Cancer spp. larvae at Station P2, and catch per unit effort (15 'raps) of Jonah
and Rock crabs at Station L1 during the preoperational period (1978-1989: larvae,
1975-1989: adults) and monthly means in 1990 and 1991. Seabrook Operational

Report, 1991.
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epibenthic cCirustaceans. Both C(ancer
spp. and lobster larvae were more abun-
dant in 1951 than during the preppera-
tional pericd. Jonah crab catches were
reduced from the preoperational average.
As these changes occurred a2t both near-

field and farfield stations, they appear

unreiated to operation of Seabrook Sta-
tion. Adult lobster and rock crab cat-
ches at the discharge station in 1991
were not significantly different from
catches during the preoperational peri-
od. However, significant differences
grcurred at the farfield station, which
is remote from plant in‘luence.

Legal-sized lobster catch has been
substantially reduced, at least in part
due to changes in the definition of
legal size. Since the trend has been
the same at nearfield and farfield sta-
tions, there is no 1indication of &
plant-related effect.

3.3.7 Mya arenaria (Soft-shell Clam)
3.3.7.1 Larvae

Mya arenarié larvee occurred most
weeks from May through October in pre-
operational years at nearfield Station
P2, Maximum densities were typically
recorded in late summer or early fall,
although @ secondary peak usually oc-
curred in early summer (Figure 3.3.7-1).
Peak abundances in 1991 were observed in
early September with lesser peaks in
August and Octol~r (Figure 3.3.7-1). A
two-way ANOVA comparing 1991 (operation-
al) larval abundances with previous
years (preoperational) at Near. .eld (P2,
P5) and Farfield (P7) stations found no

significent spatial or temporal differ-
ences, except among weeks (Tibles 3.3.7-
1.2).

Factors influencing the timing and
magnitude of the observed pattern of
larval abundance are complex, including:
adult condition at the time of spawning,
temperature at spawning sites, location
of spawning sites relative to prevailing
coastal currents, water column stratifi-
cation and larva)l behavior. M. arenaria
is known to spawn in the spring at tem-
peratures greater than 4-6°C with @
summer spawning at 15-18°C (Brosseau
1978). Liength of larval life is approx-
imately 12 days at 20°C, but lasts up to
21 days under cooler conditions (Turner
1949) . For most of their planktonic
period, the larvae are in the umboned
stage, which has been the focus of this
larval study (NAI 1981c). Maximum lar-
val abundances in August and September
coincided with water temperatures in
Hampton Harbor that regularly exceeded
15-18°C (Section 3.3.1). However, these
temperatures 81so occurred frequently in
June and July, which were characterized
by much Tower larval abundances, sug-
gesting that temperature is & minimum
requirement for spawning.

Recruitment of 1larvee of non-local
origin is likely due to currents in the
Gulf of Maine, which may move water
masses and their entrained larvae sig-
nificant distances before larval settle-
ment (NAIl 1979f). The late-summer peaks
have been observed to be coincident with
northward-flowing currents. Further
evidence is provided by gonadal studies,
which demonstrated that the onset of
spawning in Hampton Harbor and Plum
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Figure 3.3.7-1. Weekly mean and 95% confidence interval for log (x+1) density (no. per cubic
meter) of Mya arenaria larvae at Station P2, during the preoperational years
1978-1989 and weekly mean in 1990 and 1991. Seabrook Operational Report,

1991.

Figure 3.3.7-2. Annual log (x+1) mean density (number per square foot) of young-of-the-year
(1-5 mm), spat (6-25 mm), juvenile (26-50 mm), and adult (>50 mm) Mya
arenaria at Hampton-Seabrook Harbor Flat 1 from 1974-1991. Seabrook

Operational Report, 1991.
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TABLE 3.3.7-1. GEOMETRIC MEAN DENSITY (NUMBER PER CUBIC METER, LARVAE: NUMBER PER SQUARE FOOT
JUVENILE/ADULTS) AND LOMER AND UPPER CONFIDENCE LIMITS (LCL,UCL) OF MYA ARENARIA
COLLECTED DURING PREOPERATIONAL AND OPERATIONAL (1990 AND 1991)
YEARS. SEABROOK OPERATIONAL REPORT, 1991,
PREOPERATIONALD OPERATIONAL
LIFESTAGE  AREA? LCL MEAN ueL 1990 1991 MEAN
Larvae P2 5.1 6.3 7.9 5.8 4.4 5.1
Ps 4.0 6.0 9.1 6.2 7.4 6.8
p7 4.9 6.4 8.5 4.6 4.4 4.5
1-5 mm HH- 1 2.0 3.5 6.0 12.8 1.5 4.9
young-of-  HH-2 3.7 8.6 18.0 13.4 3.2 6.7
the-year  HH-4 5.5 10.5 19.0 2.4 1.4 4.7
6-25 mm HH- 1 0.4 1.7 4.3 4.9 0.2 1.4
spat HH-2 0.1 0.7 1.7 0.6 <0.01 0.3
HH - 4 1.2 3.4 8.0 4.6 0.2 1.6
26-50 mm HH-1 0.5 1.6 3.5 0.3 0.7 0.5
juveniles  HH-2 0.1 0.4 0.7 0.1 0.1 0.1
HH- 4 0.6 1.7 3.7 1.5 0.9 1.2
>50 mm HH-1 0.3 0.6 1.0 0.4 0.6 0.5
adults HH - 2 0.2 0.4 0.7 0.1 0.1 0.1
HH -4 0.3 0.5 0.8 1.9 1.4 1.6
1-12 mm Nearfield 9.0 5.7 9.1 7.8 3.3 5.2
spat Farfield 7.6 17.1 36.9 34.7 7.7 16.6
Near /HH-2 2.7 7.3 17.4 13.1 12.7 12.9
Near /HH-4 1.7 a.4 9.9 4.4 0.4 1.7

dHampton Harbor (HH) surveys compared samples taken from 1974-1991 at Flats 1, 2, and 4 in Hampton

Harbor.

Number of samples varied annually, depending on abundance,

Nearfield/Farfield surveys

compared samples taken from 1987-1991 at Nearfield (Hampton Harbor, Flats 2 and 4) and Farfield

{(Plum Island Sound, Ipswich, MA; Lufkins Flat and Middle Ground).

per year in the fall,
P7 - farfield.
PHampton Harbor PREOP = 1974-1989.

Nearfield/Farfield PREOP = 1987-1989.
P2 = 1978-1989; PS5 = 1988-1989; P7 = 1982-1989,

Larvae PREOP:

Five samples were taken per flat
Larvae samples from weekly bivalve larvae tows; P2 and P5 - nearfield,
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TABLE 3.3.7-2.

OPERATIONAL REPORT, 1991.

RESULTS OF AMALYSIS OF VARIANCE COMPARING MYA ARENARIA LARVAL, SPAT, JUVENILE AND ADULT DENSITIES DURING
PREOPERATIONAL AND OPERATIONAL PERIODS. SEABROOK

SOURCE OF
LIFESTAGE STATION/FLAT VARIATION . af ss MULTIPLE COMPARISONS®
Hye arenerie Nearfield (P2, PS) Preop-0p°® 1 0.27 1.47 NS
larvae’ Farfield (P7) Year (Preop-Op)* 6 1.75 1.62 NS
Week (Preop-Op X Year!® 191 255.59 7 4lwwx
Station® ) 0.12 0.69 NS
Preop-0p X Station 1 0.37 2 06 NS
Error 287 s51.71
HAMPTON HARBOR
145 mm” 1. 2. & Praop-Op 1 1.82 4. 25%
young-of- Year (Preop-Op) 2 9.60 10 62%%w
the-year Area 16 185 &1 25 Gawnw
Preop-0p X Area 2 4. 98 5.50%% 4 Pre 2FPre 200 10p 64 Op 1 Pre
Error 1377 622 .40
6-25 ma® 1. B A Praop-Op 1 2.76 11 .38%%%  Preop>Op
spat Year (Preop-Op) 2 9 68 19 93=s»
Arsa 16 196 .96 50 67xwx ar1>2
Preop-0Op X Area 2 1 .40 2. B8 NS
Error 1377 334 .55
26 -50 ma® 1. 2. & Precp-Op 1 5.09 30 39%%s  Preop>Op
juvenile Year (Preop-tp) 2 13.19 39 40%ws
Ares 16 190 9% 71 28wex 43152
Preop-Op X Area 2 0.76 2.28 NS
Error 2429 406 66

feont inved )
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TABLE 3.3.7-2. (Continued)

SOURCE OF
LIFESTAGE STATION/FLAT VARIATION " af 85 MULTIPLE COMPARISONS'
250 mm t 2, & Preop-Op 1 0 29 5. 34w
sdult. Year (Preop-Op! 2 6 42 58 4Owww
legal Ares 16 34 .94 39 75
Preop-Op X Area 2 4 48 40 78%nw 4« Op 1 Pre 4 Pre 1 0p 2 Pre 2 Op
Error 2429 133 .44
NEARFAELD/ FARFIELD
1412 an® Hampton Harbor Precp-Op 1 0.0 0.02 NS Farfield> Nearfield
Plum Island Sound Yoar (Preop-Op) 3 2.70 ' .63 NS
Area 1 4. 74 8. 59%x
Preop-Op X Area 1 0.004 0.01 NS
Ervor 93 513

*Larval comparisons based on weskly sampling periods. mid-April through October
ize classes from | through >50 mm were sampled annually in the Fall.

anslyzed data from 1974-1991

The Nearfield/Farfield Survey analyzed data from 1987-1991

Hampton Harbor Survey

“Commercial operation began in August 1990, therefore the oparational period includes 1990 for
spat. juveniles. and sdults. but not for larvae

‘Otoruioun versus preoperational period regardiess of area.

Interaction of main effects

Larval preoperational pericd
*Year nested within preepsrational and operational periods. regardless of arsa
Week nastad within ysar regardless of arves

fStation or flat, regardless of year or period

‘Underlining signifies no significant differsnces at alpha = 0 05

NS = Not significant (p>0.05)

% = Significant (0 052p>0.01)

*% = Highly significant (0 012p>0 001)
®%¥ = Very highly significant (0 0012p)
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Island Sound wusually followed the ap-
pearance of larvae in offshore tows.
Thus, the spring and early summer iarvae
population may originate further south
{NAI 1985b). This implies that these
offshore larval peaks may in part have a
more southern origin.

3.3.7.2 Hampton Harbor Population

Studies

Interannual Patterns

The soft-shell clam population has
been studied through intensive surveys
of clams at three flats in Hampton Har-
bor. Stations are randomly selected.
and the number of sampies per year var-
ies and is dependent on population size.

Young-of-the-year (1-5 mm). 1In 1991,
the spatfall (indicated by 1-5 mm clams)
was well below the precperational aver-
age at all three flats (Table 3.3.7-1),
in contrast to 1930, which was very
high, ANOVA results indicate there were
significant differences among years,
area (flats) and period (operational vs.
preoperational). The interaction was
significant for young-of-the-year be-
cause abundances were lower during the
operational period at Flat 4, but stayed
the same at Flats 1 and 2 (Tables
3.3.7.1,2).

Spat (6-25 mm) and Juveniles (26-50

mm). Trends in the 6-25 mm size class
indicate the survival success of young-
of-the-year. In 1991, densities of 6-25
mm clams were significantly lower than
preoperational averages at all three

flats (Tables 3.3.7-1, 2). indicating
the relatively-large 1950 set had poor
survival. Although differences between
periods (operational and preoperational)
and among years and among flats were
significant, the interaction term was
not implying that the spatial distribu-
tion of 6-25 mm spat was similar to
preoperational and operational condi-
tions. Flat 4 generally had the most 6-
25 mm clams, while Flat 2 had the least,
which contributed to the difference
among areas. During the operational
period, recruitment into the 6-25 mm
size class was very low in 1991, but
high in 1990, except at Flat 2.

Juveniles (26-50 mm), two to four
years old, had 1991 densities that were
significantly 1lower than the pre-
operational average at all flats (Tables
3.3.7-1, 2). Densities on Flat 4 were
highest, followed by Flats 1 and 2. On
Flat 1, 26-50 mm clams were more abun-
dant than they have been since 1985,
although density was well below the
preoperational average (Figure 3.3.7-2).
Relative distribution of juvenile clams
on Flats 1, 2 and 4 were similar during
the preoperational and operational peri-
ods, resulting in no significant differ-
ences in the interaction term (Table
3.3.7-2).

Adults (>50 mm). Clams measuring more
than 50 mm are a8t least 4 years of age
{Ayer 1968). The differences among
areas, yeérs, and the interaction were
highly significant (Table 3.3.7-2).
Historically, Flats 1 and 4 have had
higher densities than Flat Z, and the
trend continued into 1991. Annual den-
sities at Flat 4 reached an all time
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Figure 3.3.7-3. a. Mean monthly catch per unit effort [log (x+1)] and 95% confidence intervals

for green

2

crabs (Carcinus maenas) collected at estuarine stations from preoperational

years (1983-1989) and operational years (1990 and 1991) and b. Mean fall (October-

December) catch per unit effort for green crab in Hampton-Seabrook Harbor and

its relationship t¢ minimum winter tlemperature, 1978-1991. Seabrook Operational

Report, 1991.
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cense holders in 1890 and 1991 were
restricted to digging in New Hampshire
flats associated with Great Bay and the
Piscataqua River Estuary. As the pres-
sure on the adult cliam population was
lifted, the estimated number of bushels
per acre increased dramatically (Figure
3.3.7-4). A more detailed discussion of
the estimated bushels per acre and
standing crop of harvestable clams (>50
mm) can be found in NAI (1991b).

Another anthropogenic effect on the
Hampton Harbor c¢lam population is caused
by clam seeding. In 1987 and 1988,
attempts by the New Hampshire Fish and
Game Department to augment natural re-
cruitment by seeding juvenile clams at
Flat 5 were not successful (Morris
1989). In fall, 1988, the local 4-H
prganization planted 30,000 seed (ap-
proximately 12 mm) ciams on Flat 4 (47.9
acres), which can be converted to rough-
1y 0.01 clams/sg.ft. In late November,
1989, the 4-H planted 100,000 seed clams
on Flat 4, or roughtly 0.05/sq.ft.
(R.Wojtusik, 4-H; UNH Cooperstive Exten-
sion, Durham, NH; pers. comm. June
1962). From 198B-1990, juvenile (6-25
mm) densities increased slightly at
Flats 1 and 4 (but not at Flat 2). At
Flat 4, the geometric mean density went
from 1.41 sg.ft. in 1988 to 4.6/sq.ft.
in 1990. Since the seed were stocked in
low densities, it is unlikely that they
made a measurable contribution to the
population of Flat 4.
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Sarcomatous neoplasia, a lethal form
of cancer 1in Mys arenarig, has been

observed in Hampton Harbor Mya popula-
tions (Hillman 1986, 1.-7). A virus
similar to the B-type retroviruses 1S
known to initiate the disease in Mya
(Oprandy et al. 1981). Although the in-
fection has been observed in regions of
relatively-pristine waters, the rate of
infection may also be enhanced by pollu-
tion-mediated deterioration of the envi-
ronment (Reinisch et al. 1984). The
infection rate in some Mya populations
may reach 100 percent with 100 percent
mortality of infected clams (Farley et
al. 1986). The incidence of sarcomatous
neoplasms in Hampton Harbor Mya popula-
tions was observed in October 1986 and
February 1987 (HilIman 1986, 1987).
Neoplastic infections were more preva-
lent in February, reaching 6% at Flat 1
and 27% at Flat 2. Infections were
absent from Flat 4. Assuming 100 per-
cent mortality of infected clams (Farley
et al. 1986}, Flats 1 and 2 may hz.e
suffered substantial disease-related
reductions in clam production. In 1987,
clam flat surveys did indicate, however,
that juvenile and adult densities fell
by over 50% at Fiat 1 and Flat Z while
Flat 4 remained unchanged. In November
1989, fifteen large (>40 mm) clams were
taken from Flat 2, and BO% had at least
@ few neoplastic cells (verified by D.J.
Brousseau, Ph.D.; Fairfield University;
Fairfield, CT). Clams from 6 to >50 mm
have had 2 smaller decrease in abundance
8t Flat 4 during the 1990-1991 opera-
tional period, and adults >50 mm have
nearly tripled their preoperational
abundance in comparison to other flats
(Table 3.3.7-1). Neoplasia may be the
cause of these spatial differences.
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3378, ffects of Plan ration

The Hampton-Seabrook estuary contains
the majority of New Hampshire's stock of
the recreationally-important species,
Mya arenaria, and an extensive sampling
program has been undertaken in order to
characterize the natural variability in
the population for all 1lifestages.
Entrainment of Mya larvee has had no
measureable effect on population levels
as 1991 densities similar to previous
years., Settlement densities of young-
of-the-year (1-5 mm) appear to bear no
relationship to the abundance or period-
icity of Mya larvae in the nearshore
waters (NA]l 1982b). It would appear
that Mya veliger behavior (i.e., their
“readiness" or competency to settle)
combined with the timing of faversble
currents may be more important to set-
tlement success than sheer numbers of
larvae in the water column. Relative to
preoperationa’ means, densities of
young-of-the-yesr were higher at all
three flats in 1990, and lower in 1991,
a reflection of the large annual varia-
tion of this size class.

Once settled, survival of young-of-
the-year (1-5 mm) Mya depends on the
level of predation from its two main
predators, the green crab and human ¢lam
diggers, and the absence of diseases
such a8s neoplasia. In 1990, dramati-
cally decreased green crab catches may
have enhanced the survival of smalier
size classes (1-25 mm), in part contrib-
uting to increased densities at Flat 1
and Flat 4. In 1991, however, densities
of both green crab and 1-25 mm clams
were Tow, suggesting that some other
mechanism was at work.

Increases in young-of-the-year re-
cruitment in Hampton Harbor in 1990,
along with continued survival of that
year class in 1991, suggest that there
are no adverse effects from plant opera-
tion, including settling pond discharge
and offshore entrainment. Trends at
farfield flats in 1990 and 1991 followed
those at nearfield stations in Hampton
Harbor for spat 1-12 mm in length.
Operational densities were similar to
preoperationa! densities (1587-1989),
and no plant impact was detected.
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4.0 METHODS
4.1 GENERAL

This study evaluates the balanced,
indigenous population of shellfish,
fish, and wildlife in the waters in and
aground Seabrook Station’s intake and
discharge. Previous reports have docu-
mented the natural temporal and spatial
variability of communities and selected
species. Data collected in 1990 during
the months when Seabrook Station was
operational (August-December) and 1991
(a1l months) were compared to the his-
torical data base. Differences observed
during the operational period were fur-
ther investigated to determine if they
were restricted to nearfield areas. A
change was potentially attributed to
operation of Seabrook Station only if
these criteria were met and then only if
other causes were eliminated.

Prior to 1975, the Seabrook Environ-
mental Program involved studies of spe-
cific sites (e.g., the estuary, the
discharge area, the intake area) or
specific species (e.g., Mya arenariag) in
order to (1) characterize their physical
and/or biological environment and (2)
assess impact of proposed plant design.
The results of these studies were re-
viewed and discussed during the Environ-
mental Protection Agency's hearings on
Seabrook Station’s open cycle cooling-
water system (NAI 1977e; EPA 1977).

From July 1975 through 1989, the focus
of the program has been to provide pre-

operational characterization of the
environment in potentially affected
areas. Field and Taboratory methods

that were used for data collected during

4-1

1980 through 1950 were thoroughly de-
scribed in the data reports for those
years (NAI 1981c, 1981f, 19B2a, 1982b.
1983a, 19842, 19852, 1986, 19873, 1988a,
1989a, 1990a, 1991a). Data collected in
1992 are summarized in this report.
Data listings are wunpublished, but
available from Yankee Atomic Electric
Company. Methods wused prior to 1980
were summarized and explained in detail
in previous annual reports for Seabrook
Environmental Studies (NAI 1976a, 1976b,

1977a, 1977b, 1977c¢c, 1977d, 1978a,
1578b, 197%a, 1979, 1979c., 19794,
197%e, 1979f, 1979g. 1980a, 1980b,
1980c, 1980d. 1981a, 1981b, 198lc,

1981d, 198le).

In-depth reports describing baseline
conditions were written for data col-
lected through 1981 (NAl 1982c). 1982
(NAI 1983b) and 1983 (NAI 19B4b). A
complete assessment of preoperational
conditions was made in the 1984 Seabrook
Baseline Report (NAI 1985b). Subseguent
baseline reports (NAl 1987b, 1988b,
1989b, 1990b) have built on conclusinns
made ir "at report, updating results
with additional data for those programs
that had been maintained without inter-
ruption. Operational effects of Sea-
brook Station far the first five months
of operation (August-December 1990) were
evaluated in NAI (1991b).

A1l studies performed during the 1990
program were continued unchanged in the
1991 program. Phytoplankton and micro-
zooplankton sampling programs were rein-
stated in 1990, along with ichthyoplank-
ton and bivalve larvae entrainment col-
lections. Methods for the 1990 program,
which are similar to the 1991 program,
are presented in NAI (1991a).
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Over the several years of this study
there were instances in which some sam-
ple types were collected for only part
of a year, or discontinued for a whole
year or years, due to program modifica-
tions (particularly in 1985 and 1986).
This report does not include data from
partial sampling years if they erron-
eously influence sample statistics. For
example, annua)l means of macrozooplank-
ton selected species have not been cal-
culated for 1986 because samples were
not collected from January through June
(a period of peak abundance) in that
year. However, these data could be used
in numerical classification and analysis
of wvariance since samples are par-
titioned seasonally. When data were not
presented in a table or figure, it was
because they were either not collected
or were incomplete for that period.

As in previous reports, conditions in
the Hampton-Seabrook area were examined

in this report &t the community and
species levels, both useful indicators
of environmental change. Community

structure and its variation in time and
space were investigated using numerical
classification or multivariate analysis
of variance. Abundance of various key
species (of numerical or coumercial
importance) previously identified as
"selected species" were compared tempo-
rally or spatially using analysis of
variance (ANOVA) or non-parametric tech-
nigques. In several cases, the size or
growth of a selected species was exam-
ined in addition to abundance or biomass
in order to provide a basis for detect-
ing potential sublethal effects. These
methods are effective in describing
general patterns and magnitudes of vari-
ability that have occurred. Analyses
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have focused on a single species or
several species grouped together in 2
higher taxonomic category. Components
of and rationale for species "complexes®
were discussed in the 1984 Data Report
(NAI 19852).

4.2 COMMUNITY STRUCTURE

Community analyses included numerical
classification (Table 4.2-1) and multi-
variate analysis of variance (Table 4.2-
2). Other community parameters such as
total catch, abundancc or biomass, and
number of species were also assessed for
some communities.

4.2.1 Numerica! Classification
Numerical classification (Boesch 1977)
was used to examine community Structure
either spatially (using data collected
from different areas), or temporally
(using data collected over time); com-
parisons were made based on species
composition. Plankton (bivalve larvae,
microzooplankton, macrozooplankton,
ichthyoplankton eggs and larvae, and
benthos (macroalgae, macrofauna, surface
fouling panels) species assemblages were
analyzed in this way (Table 4.2-1).

The “normal” classification forms
groups of stations and/or sampling peri-
ods based on similarity levels calculat-
ed for a1l possible combinations of
stations/sampling periods and the spe-
cies that occur there. Normal classifi-
cations were performed using the Bray-
Curtis similarity index (Clifford and
Stephenson, 1975; Boesch, 1977). Values
uf the indices vary from 0 for absolute



TABLE 4.2-1.

SUMMARY OF COMMUNITIES AND METHODS USED IN NUMERICAL

CLASSIFICATION.

SEABROOK OPERATIONAL REPORT, 1991.

COMMUNITY

STATIONS

DATES

DATA CHARACTERISTICS?

Macrozooplankton
(505 micron net)

Microzooplankton

Bivalve larvae

Fish eggs

(505 micron net)

P2.P5, P7

P2

P2,P5,P7

Pe. PS5, P7

1/88-12/91

1978-1984,
7/86-12/86
4/90-12/91

Apr-Oct,
1988-1991

7/86-12/91

Monthly X; separated
tychoplankton and holo/-
meroplankton. Tycho-
plankton: used all taxa
except Mysidacea and Am-
phipoda (22 taxa).
Holo/mero: deleted taxa
occurring in <5% of sam-
ples and general taxa.
50 taxa used in analy-
sis.

x, surface and bottom
tows. Taxa excluded
with frequency of occur-
rence <20% and total
abundance <0.1%. 35 taxa
used in analysis.

Half-monthly x. Deleted
1 general taxon (Bival-
via).

Mean of 2 tows: dates
averaged within menth;
excluded taxa with total
percent composition
<0.1% or percent fre-
quency <5%; excluded 1
month with <20 eggs per
station. 11 taxa used
in analysis

(continued)



TABLE 4.2-1. (Continued)

COMMUNITY

STATIONS

DATES

DATA CHARACTERISTICS®

Fish larvae
(505 micron net)

Benthic macro-
algae and macro-
fauna

Short-term sur-
face panels

P2, PS5, P7

817,819,831,
BIMLW

B34

804,813

B35,.B5MLW
Blé

819,831

7/86-12/9

Aug 1978-1991

Aug 1980-1984;
1986-1991
Aug 1978-1984;
1986-1991
Aug 1982-1991
Aug 1979-1984;
1986-1991

1988-1991

Data treated as for
eggs; excluded species
with total percent com-
position <0.1% or fre-
quency of occurrence
<5%. 22 taxa used in
analysis

Algae: Mean of repli-
cates; excluded taxa
with <12.0% freqguency of
occurrence. 34 taxa
used in analysis.

Square root transforma-
tion. Macrofauna: Mean
of replicates; excluded
noncolonial species with
50 or less occurrences
based on 1978-91 data
(8.0%), and all colo-
nials. 82 taxa used in
analysis.

Monthly mean abundance
of noncolonials. Ex-
cluded taxa with <8
occurrences (5%). 20
taxa used in analysis.

8411 data log (x+1) transformed unless otherwise noted.



TABLE 4.2-2. SUMMARY OF COMMUNITIES AND METHODS USED IN MULTIVARIATE

ANALYIIS OF VARIANCE.

SEABROOK OPERATIONAL REPORT, 1991.

COMMUNITY STATIONS DATES DATA CHARACTERISTICS?

Phytoplankton P2,P5,P7 1991 Mean of replicates.

(210 pm) Taxa deleted if T comp.
<1%. 19 taxa included
in analysis.

Macrozooplankton P2, PS5, P7 1988,1989, Mean of 3 replicate

(505 micron net) 1991 tows; excluded taxa with
X annual abundance for
all 3 stations <20 plus
4 general taxa. All
months used in analysis.

Bivalve larvae P2, PS5, P7 1988,1989, Mean of duplicate tows.

1991 A1l taxa included except
unidentified Bivalvia.

Microzooplankton P2, PS5, P7 1991 %, surface and bottom
tows. Deleted taxa <25%
frequency of occurrence
(a1l stations combined).

Fish eggs, p2.-95, P7 Jul 1986- Mean Sf two tows per

Fish larvae Dec 1991 date. Taxa deleted if 2

(505 micron net) comp. <0.1% or percent
frequency of occurrence
<5%.

Pelagic fish Gl, G2, G3 1976-1991 Mean monthly CPUE for 13

211 months dominant fish species
and all other species
combined.

Demersal fish 1, T2, 13 1976-1991 Mean monthly CPUE for 13

all months dominant fish species
and all other species
combined.

Estuarine fish $1, 82, 53 1976-1984, Mean monthly CPUE for 10

1987-1991, dominant fish species
Apr-Nov and all other species

combined.

8417 data log (x+1) transformed unless otherwise noted.
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dissimilarity to 1 for complete similar-
ity. Samples that contained very few
organisms were excluded from the analy-
sis because they wusually contribute
little to the community description.
Rare species, which generally have no
consistent pattern of occurrence and
contribute 1little information to the
overall analysis, were excluded from the
classification based on their low fre-
quency of occurrence or low total abun-
dance over the period of study (Table
4.2-1). 1In a1l cases, abundance data
were log- or square-root transformed to
reduce differences between large and
small values and thus avoid overempha-
sizing the abundant species. The clas-
sification groups were formed from
arithmetic averages by the unweighted
pair -group method (UPGMA: Sneath and
Sokal, 1973). Results were simplified
by combining the entities based on their
similarity levels, determined by both
the within-group and between-group simi-
larity values. Results were presented
graphically by dendrograms, which show
the within-group similarity, and the
similarity levels at which they link to
the other groups. The groups were char-
acterized by the mean abundance of domi-
nant taxa and total abundance (sum of
all taxa) during the preoperational and
operational periods. Communities during
the operational period (August 1990-
December 1991) were judged to be similar
to previous years if collections were
placed in the group with the majority of
seasonal (plankton, surface panels) or
station (macrofauna, macroalgae) collec-
tions from previous years. A potential
impact was suggested if community dif-
ferences occurred solely during the
operationa)l period and were restricted
tc the nearfield area. This situation
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would trigger additional investigations.
If community differences occurred at
both nearfield and farfield stations,
they were assumed to be part of an area-
wide trend, and unrelated to plant oper-
ation.

4.2.2 Multivariate Analysis of
Variance
Multivariate analysis of wvariance

(MANOVA, Harris 1985) was used to assess
simultaneously the similarity in abun-
dances of dominant taxa among nearfield
and farfield stations and between the
preoperational and operational periods.
Historically, there have been few dif-
ferences in planktonic species assem-
blages among nearfield intake, dis-
charge, and farfield stations. Continu-
ation of the the trend during plant
operation would suggest that there were
no effects of plant operation on these
communities. MANOVA was used for neéer-
field and farfield comparisons of the
phytoplankton, macrozooplankton, bivalve
larvae, microzooplankton and fish larvae
communities during the preoperational
and operational periods. MANOVA was
also used for comparisons between pre-
operational and cperational periods for
the pelagic, demersal, and estuarine
fish communities (Table 4.2-2). Proba-
bilities associated with the Wilks’
lambda test statistic were reported (SAS
198%a).

4.2.3 ther muni Meth

Other parameters associated with the
entire community were evaluated. Param-
eters that reflect the total number of
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organisms in a collection, such as total
catch for finfish, and total abundance
or biomass in the phytoplankton, ben-
thic, and surface panels communities
were evaluated qualitatively or using
analysis of variance (see section 4.3).
The diversity of organisms, as indicated
by the number of species, was evaluated
in the benthi¢c and surface panels pro-
grams. As in other measures of the
community, potential effects of plant
operation were indicated if a signifi-
cant change occurred during the opera-
tional period that was restricted to the
nearfield station.

Demersal, pelagic, and estuarine fish
communities are composed aimost exclu-
sively of @ few dominant species, many
of which are designated as selected
species. Previous use of multivariate
analyses such as numerical classifica-
tion indicated that there were basically
two major seasonal assemblages (summer
and winter), which changed based on
seasonal movements of the most abundant
taxa (NAI 1982c, 1983b). In previous
reports since that time, seasonal, annu-
a1 and spatial changes in the fish com-
munity have been monitored using rela-
tive abundance (percent composition) of
dominant taxa. However, use of relative
abundance masks the substantial changes
in catch per unit effort (CPUE) that
many dominants have experienced in the
last 10 years. In “1is report, CPUE for
dominant demersal, pelagic, and estu-
arine fish species is presented as a way
to evaluate the entire community. For
demersal and estuarine fish, spatial
differences have been evaluated by com-
paring CPUE among stations (both quali-
tatively and through ANOVA for the se-
lected species) during the preopera-

4 -
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tional and operational periods. Histor-
ically, pelagic fish have not shown
area-wide differences due to their mo-
bility. Although differences among
stations for the pelagic fish were eval-
uated, data from individual stations
were not used in impact assessment.
Instead, catches during the operational
period for all dominant species of fish
were compared to previous years. Dif-
ferences during the operational period
that were oputside the range of previous
years warranted further scrutiny, using
analyses outlined for selected species
(Section 4.3).

Seasonal aspects of the phytoplankton
community have been monitored using
total abundance and relative abundance
of dominant species and classes. To
decrease the variability inherent in the
phytoplankton community, taxa were di-
vided into two groups: phytoplankton
(210pm) and ultraplankton (<10um), as
defined by Marsha’l and Cohen (1983).
UTtraplankton include several classes
that are difficult to identify and enu-
merate, including Cyanophyceae (also
called cyanobacteria or blue green al-
gae). 1In general, this group has not
been dealt with quantitatively before
1980 (Johnson and Sieburth 1979, Hall
gnd Vincent 1990), and was not enumerat
ed as part of this program unti] 1984.
Separation of this group from the larger
phytoplankton improves our ability. to
monitor both components of tne communi -
£y

4.3 ELECTED SPECItS/PARAMETERS

Temporal and spatia)l differences for
the selected species and water quality
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parameters were quantitatively evaluated
for the preoperational and operational
periods. Many of the selected species
and physical/chemical parameters moni-
tored in the Hampton-Seabrook area have
shown year-to-year differences that are
part of natural environmental variabili-
ty. Given this framework, values from
tne operational period (1991 and in some
cases 1990) were compared to previous
years using analysis of variance or non-
parametric techniques. In order to
facilitate interpretation of ANOVA re-
sults, the preoperational mean and 95%
confidence limits, as well as the 1990
and 1991 annual means c¢re presented for
each selected species by station. Most
of the organisms and physical/chemical
parameters show seasonal patterns as
well, These within-year patterns are
shown graphically in plots of the mean
and 95% confidence limits over all pre-
operational years for each month.
Monthly mean values from 1990 and 1991
were plotted on the same graph to pro-
vide & visual comparison of their magni-
tude and seasonality.

Many of the tables comparing organism
abundances among years or months show
geometric means and confidence limits.
These are calculated by: (1) log (x+1)
transforming the data, (2) calculating
the mean and confidence 1imits of the
transformed data and (3) back-trans-
forming to the original units. Geomet-
ric means are generally somewhat lower
than arithmetic means (averages of un-
transformed data), and the difference
between the two means is greater in data
sets exhibiting a high degree of vari-
ability. An outlier in & data set, such
as an wunusually high abundance in a
single sample, will have less influence
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on @ geometric mean thnar on an arithme-
tic mean. Thus a geometric mean is, in
effect, a weighted mean, in which ex-
treme values are given less weight than
are typical values. For data sets that
require logarithmic transformation to
meet the assumptions of a normal distri-
bution for statistical analysis, the
geometric means faithfully portray the
relationships within the data (among
years, for example), whereas arithmetic
means would sometimes show a8 different
pattern than that cdetected by the analy-
sis.

Differences in substrate, water mass
movement, temperature, light penetra-
tion, deptn, food availability. repro-
ductive success or any combination of
these factors can cause variation in
species abundance and growth among sta-
tions or areas. As part of the experi-
mental design, farfield stations beyond
the influence of potential impact were
established as reference or “control®
stations in areas as similar as possibdie
to the nearfield areas. Any change
observed during the operational phase at
nearfield stations can be compared with
these farfield areas to ascertain wheth-
er the change is occurring throughout
the coastal area or just within the
nearfield area. Spatial differences in
the selected species were evaluated as
part of the ANOVA design, by utilizing a
paired t-test (nearfield vs. farfield
stations), or the non-parametric Wil-
coxon's summed ranks (or "two-sample”)
test.



METHODS

4.3.1 Analysis of Variance (ANOVA)
Analysis of variance was used to eval-
uate spatial or temporal variability in
abundance of selected species and values
of water quality parameters. Analysis
of variance is & statistical technique
that subdivides the total variability
into portions attributable to different
sources (Lentner 1972). 1In this study,
the major sources of variability have
been 1) spatial, among stations or
areas within stations, (2) temporal,
among years, seasons, or sampling dates,
and (3) residual, any variability not
explainable by the first two sources.

The initiation of plant operation
introduced 8 new source of potential
variation. Al1 ANOVAs sought to test
the null hypothesis that values collect-
ed during the operational period were
statistically similar to previous years.
An ANOVA design was developed with the
assistance of Dr. Roger Green (Universi-
ty of Western Ontario), using the fol-
lowing variables:

Preop-Op: Partitions data into the
operational period (1991 and in
some cases 1950) and all previous
years, regardless of st. . “on, test-
ing whether the operational obser-
vations fal)l within the historica)
variability.

Year (Preop-Op): Partitions data into
years nested within operational and
preoperational periods, regardliess
of station or sampling period.
testing the wvariability among
years.
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sampling period (Year): For data that

show seascngl trends, a variable
was included, such as months,
weeks, or sampling period nested
within years, testing whether there
are significant differences season-
ally.

Station or Area: Partitions data into

stations or areas representing
nearfield and farfield areas, where
applicable, regardless of year or
sampling period, testing whether
there has been a consistent rela-
tionship spatially.

A1l appropriate class variables were
used in the ANOVAs along with the perti-
nent interactions.

This ANOVA design specifically tests
for potential impacts of plant opera-
tion. Dirferences occurring at one of
the paired stations would be reflected
in a significant result for the Preop-0p
Station interaction term (Preop-Op X
Station). Significant Preop-Op X Sta-
tion results were further investigated
to determine if the change occurred at
the nearfield station (rather than the
farfield station). If these conditions
were met, a potential impact was Sug-
gested, triggering further investiga-
tion.

The operational period was defined on
8 species-specific basis. In cases
where the peak period of abundance fel)
totally within the August to December
time frame, the operational period was
defined as August 1950-December 1991.
If there was no distinct period of maxi-
mum abundance, or if the period of maxi-
mum abundance begsan before the August
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start-up date, data collected in 1950
were eliminated from the anaiysis, and
the operational period was defined as
1991. This definition avoids mixing
preoperational and operational data
within the class variables. Annual and
seasonal means for the preoperational
period, 1990, and 1991 are presented in
tables and figures for comparative pur-
poses.

The variables for each selected spe-
cies or parameters are listed in Table
4.3-1, along with the dates and stations
used in the analyses, and the data ma-
nipulations that preceded the analysis.

In some cases, differences in 1991
were evaluated by & one-way analysis of
variance among years at a nearfield
station or station group or a single
sample t-Test (Sokal and Rolf 196%8). In
some data sets that have been shown in
previous baseline reports to exhibit no
differences among stations (e.g.., pelag-
ic fish), or if stations are of essen-
tiaily equal distance from the intake
and discharge locations (e.g., estuarine
fishes), data from all stations were
combined.

Some types of data exhibit a high
degree of within-year variability be-
cause of seasonal fluctuations. A vari-
ety of methods were used to minimize
this variability. For fish larvae, as
specimens are found only during certain
seasons, @ subset of the data was chosen
to represent the peak period, and sam-
ples from that period in each of the
years were used in the analysis. Adult
fish data showed high variability be-
cause of seasonal movements. To de-
crease variability, data were subset

based on the coefficient of variation of
monthly mean CPUE. Monthly coefficients
of variation were examined to determine
periods of large variation in CPUE.
Periods with historically high coeffi-
cients of variation and periods when the
selected species were historically not
captured were excluded from the analy-
sis. This method increased the power of
the model to detect significant differ-
ences among years by minimizing within-
year variation.

ANOVA was also used to .est for dif-
ferenves in catches for young-of-the-
year (YOY) of the selected demersal fish
species. Operation of Seabrook Station
could cause signivicant differences in
the catches of YOY fishes through chang-
es in the mortality of YQY fishes be-
tween the preoperational and operational
periods, or differential movements of
YOY fishes between the preoperational
and operational periods. Differential
mortality or movement of YOY fishes in
the study area might be detected as
reduced CPUE of all age classes, but any
reduction of the CPUE of YOY fishes
would probably be masked for several
years by the CPUE of older age classes.
Therefore, analysis of CPUE of YOY fish-
es focuses impact assessment on this age
class.

Monthly length frequency diagrams were
constructed for each of the selected
demersal fish species using data pooled
over a1l years. Gill net data were no
used because of the size selectivity
inherent in gill net catches. Modal
groups of YOY fish were identified
through analysis of length frequencies.
Only those months where YOY fish could
be clearly identified as modal groups

4-10
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TABLE 4.3-1. SELECTED TAXA AND PARAMETERS USED IN ANALYSIS OF VARIANCE OR NONPARAMETRIC ANALOGUE. SEABROOK OPERATIONAL REPORT, 1990.
DATES USED DATA SOURCE OF
COMMUNTTY PARAMETER / TAXON LIFESTAGE®  STATIONS IN ANALYSIS CHARACTERISTICS® VARIATION®
Water guality Surface/bottos temp. b P2. PS. P?7 1988 -1989 ., Monthly mean, Preop-Op .
Surface/bottom salinity .- 199 no transformation Station,
Surface/bottom DO - Year,
Orthephosphorus e Honth
Total phosphorus -
Nitrste-nitrogen -
Nitrite-nitrogen -
Ammonia-nitrogen -—
Phytoplankton Skeletonems costatum —- P2, P7 1982-84; Monthly x abundance Preop-Op, Stat’ .m,
199 Month
Year. Station
P2, PS5 1979-1981; As above As above
1991
Bivalve larvae Myttlus edulis L P2, PS, 1988, 1989, Weelkly x. Preop-Op. Station.
P7 1991 Year, Wesk
Microzooplankton Surytemore sp. c P2. P7 1982-1984, Mean, surface and Preop-Op, Year, Statioa.
Eurytemore herdmani A PS 1991 bottom tows Month
Preudocalanus/Calanus N
Preudecalonus sp. C.A
Cithona sp N.C.A
Macrozooplankton Calenus [inmarchicus C.A P2, P7 1987-91 Mean abundances per Precp-0p. Station.
Cancer sp. [ S Ps sample paricd. Year. Month
Cerctinus meenas L
Crangon teptemspinosa L
Neomysis americane All

(econt inued!
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TABLE 4.3-1. (Continuved)
DATES USED DATA SOURCE OF
COMMUNITY PARAMETER/TAXOUN LIFESTAGE® STATIONS IN ANALYSIS CHARACTERISTICS® VARIATION®
Tchthyoplankton Winter flounder L P2, PS. T/86-12791, Mean abundance per Preop-0p.
Yellowtail flounder L P7 seiected sample peried for Year. Station,
American sand lance L months months which together Month
Atlantic cod L composed over 902 of
Atlantic mackerel L the total annual
Hake L abundance. excluding
Atlantic herring L years when peak
Pollock L period was only
Cunner L partially sampled or
it included both Preop
and Op months .
Damarsal fish Winter flounder J7A. YOY Ti:; Ta: 1776-12791 x CPUE (ne. per haul) Preop-Op, S5tation.
(Ottar trawl) Yallowtail flounder J7A, YOY T3 selected per date, restricted Month, Year
Atlantic cod J7A. YOY months te periods with smal-
Hakes J7A. YOY lest varistion in
Rainbow smelt J7A, YOY catch
Pealagic fish Atlantic herring J7A 61, G2. 1776-1279 x CPUE (no. per 24- Preop-Op. Station.
(6ill net) Pollock J7A 63 selected hr set) par date, Month, Year
Atlantic mackersl J7A months surface bottom nets
averaged, restricted
to pericds with smal-
lest variation in
catch
Estuarine fish Winter flounder J7A s$1, S2. S§3 1776-12/84, x CPUE (no. per seine Praop-Op. Station. Year.
{Beach seine) Rainbow smelt Jra 1787-12791, haul), restricted Month
Atlantic silverside JrA selected te pericds with smal-
months lest variation in

catch

{cont inued |
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TABLE 4.3-1. (Continued)
DATES USED DATA SOURCE OF

COMMUNITY PARAMETER/ TAXON LIFESTAGE®  STATIONS IN ANALYSIS CMARACTERISTICS® VARIATION®
Estuarine Streblospie benedict! J/A 3. 9: 1978-1991 Mean per sample Year
benthos Copiteila capitata J7A 3IMLW, (axcept period;: all months

Oligochaets J7A GMLW: 198%) used in analysis

Nye erenaric J7A

Nediste diversicoler Jsn

Ceulloerielia sp. B J7A

Total density -

Number of taxa ~-
Benthic Lamtnarie saccharine - B17 1979-1991 Mean number per Preop-0Op
macroalgse Laminarie digitute ve B35 1982-1991 sample period and

Aiarte escuienta - B19, B3 1978-19%1 station, no trans-

Agarum cribesum -- B19. B3 (except 1990) formation. Wilcox-

on’'s summed ranks by
station

Chendrus crispus - B17, B19, B3} 1981-1991 Mean % frequency per Preop-Op

Phyllophere spp - R3S 1982-1991 year Ne tranefor-

Ptilota serrtte -- {except 1990) mation Wilcoxon's

Chendrusr crispus

Number of taxa
Total biomass

B17, BIMLW
BSMLW. B35

BIMLW. B17
819, B3
BSMLW, B35S
B13. BO4

B34

1978-199)
1982-1991
(except 1990)

August .,
1978-1991

1982-1991
1978-1984,
1986-1991
1979-1984,
1986-199)

summed ranks test

Mean biomass per
sanple period.

Square root transfor-
sation, shallow sub-
tidal; no transfor-
mation. intertidal

Mean per station and
year: no transfor-
mation

Preop-Op, Station.
Year. Month

Preop-Op, Station
Year

{cont inued )



L

TABLE 4.3-1. (Continued)

DATES USED DATA SOURCE OF
COMMUNITY PARAMETER TAXON LIFESTAGE® STATIONS IN ANALA.T'S CHARACTERISTICS® VARIATION®
Marine benthes. Amp ithoe rubricote. J7Aa BIMLW, 1978-89, 1991 Abundance averaged Preop-Op. Station.
telacted speciss Nucelia lapilius. J/A BSMLW 1982-8%9, 1991 over replicates; Year. Month
Mytilidae spat J7A 3 dates per year
Jeste marmorate, J7A BY7. 1978-89. 1991
Mytilidae spat, J7A B3S 1982-89, 1991
Asteariidae J7A B17. 1981-89, 1991
B35S 1382-89, 1991
Pentogene ta i(nermiz, J7A B19.831 1978-89, 1991
Myt il idae spat. J7A
Strongyiocentrotu:s J7A
droebechiensis
Total density - BIMLW, BSMLW: Auvgust, * per year and statien
B17. 835 1978-1991

B19, B31, Bl6: (see algae
RO4, B34, B13 for years)

Number of taxs - Same as above Same as above x per yaar and
station: no
transformation
Nodiolusy modieiusr J7A B9, BMY 19801989, Mean per sample Preop-Op
1991 period, Wilcoxon's

summed ranks test,
No transforsation

Surface panels, Nusber of taxa - Station pairs: 1978-1984 x per station and Preop-Op.
short-term Noncolenial abundance - B19. B3V, 19861989 sampling period Year,
Biomass -- BO4, B34 1991 (B34 All months used Month,
Mytilidae abundance J7A initiated in analysis. Station
Jarse mormoraty abundance J/A in 1982! No transformation
Balenu: sp. » freguency J7A for No of taxa.
Tubulerte sp. % freguency J/A Biomass, Belanus.
Tubuiorie

(cont inued)
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TABLE &.3-1, (Continued)
DATES USED DATA SOURCE OF
COMMUNT TY PARAMETER/TAXON LIFESTAGE® STATIONS IN ANALYSIS CHARACTERISTICS® VARIATION®
Surface panels. Biomass (monthly) - B19., B3, 19781984 - per station Precp-Op,
monthly segquential BO4&. B34 1986 - 1989, and sampling period Year, Month,
1991 No transformation. Station
All wmonths used in
analysis
Biomass. - B1S. B31, BO4, 1982-1984, X per station Preop-Op
No. of taxa, -l B34 1986-1991 and year.
Noncoloniai abundance B Dec. only No transformation
Leminerie sp. counts J7A t-test by
(12-month panel) station
Epibenthic Homarus americanus L P2, PS5, P7 1988-1989; Weekly mean Preop-Op. Year, Week,
crustaceans 1991 Station
Cancer spp. L P2, PS5, P7 1988-1989; Monthly mean Precr-0p. Year. Month,
1991 Station
Nomarus emericenus LE., A L1, L7 1982-1589, Mean CPUE (per 15 Preop-Op, Station,
Cancer boreali: A 1901 traps) per month, Year. Month
Cencer irroretus A Jun-Nev no transformation,
Estuarine Mye arenarie J7A Hampton, 19871921 Mean per year and Preop-0Op. Station,
Flats 2 & 4, Oct only station. Yaar
Plum Is. Sound
Y. §. J, A Hampton 19741991 Mean per year and Preop-Cp. Station,
Flats 1, 2. & D¢t only strtion. Year
L PZ. PS. P?7 19821989 Mean per wsek and Preop-Op. Station,
1991 station Year. Weak

.Li(. Stages:

LE = legal-sized,

€

N = nauplii. C = copepodite,
S = gpat. J = juvenile.

logigix+!) transformation unless otherwise stated
Precp-Op: Operational period (1991 and August-December, 1990, if appropriate) vs. previous years.

L = larvae., A = adult, All = all. J7A = juveniles and adults. YOY or Y «

young-of -the -yasar .



METHODS

were included in the analysis. Data
were log (x+1) transformed prior to
analysis.

Analysis of variance and related para-
metric technigues make the following
assumptions: (1) al)l samples are ran-
domly collected, (2) samples come from a
normally-distributed population, (3)
error terms are normally and indepen-
dently distributed, and (4) variances of
samples are egual or homogeneous (Sokal
and Roh1f 1969). Random and independent
collection of sampies is a function of
experimental design. Normality of data
was tested using the Kolomogorov-Smirnov
test when sample size was greater than
50 and the Shapiro-Wilk statistic when
sample size was 50 or less (SAS 198%5b).
Homogeneity of variances was tested
using the F-max test (Sokal and Roh1f
1969). If one or both of these two
assumptions was not met, the data were
transformed and re-evaluated. In most
cases, transformation of the data im-
proved the distribution sufficiently to
allow the use of analysis of variance.
Logarithmic transformations were per-
formed by adding 1 to the data used in
the analysis and taking the base-10
jogarithm, Where sample sizes were
unequal, a general linear mode] was used
for the ANOVA (SAS 198B%5a).

#.3.2 Multiple Comparisons

If a significant difference among
means was discovered using analysis of
varignce, the Waller-Duncan k-ratio t-
test was used to test whick means or
groups of means were significantly dif-
ferent from each other. This test is
less conservative than several other

commonly used multiple comparisons tests
(i.e., more likely to find significant
differences between means). It was
selected because more conservative tests
failed in several cases to detect any
significant differences among means even
when the overall F-test of the ANDVA was
highly significant. Significant Preop-
Op X Station interaction terms were
evaluated using least square means esti-
mates and the associated probability of
equivalence (SAS 1985a).

Several types of non-parametric tests
of significance were also used. Differ-
ences in ranks were assessed by using
the Wilcoxon two-sample test (Sokal and
Roh1f 1969: equivalent to Wilcoxon's sum
of rank test, SAS 1985a2) or the Kruskal-
Wallis test (Sokal and Rohif 1969).
Wilcoxen's two-sample test is a ranking
procedure by which two samples of un-
equal size can be compared. All datea
are ranked, then ranks are summed within
samples. Tre differences between the
summed ranks are compared using the I
statistic. The Kruskal-Wallis test was
used as a non-parametric alternative to
one-way ANOVA to test among-year differ-
ences or among-station differences.
This procedure ranks 2l1 pooled data,
then sums ranks within & group and com-
pares differences using an H-statistic,
uistributed approximately as chi square
(Sokal and Roh1f 1969).
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ATTACHMENT 2

ATTACHMENT
SEABROOK STATION ENVIRONMENTAL STUDIES

b @ 3 4 THART

An annual review of the results from studies conducted through
1931 has been completed, evaluating the potential effects of the first
1 1/2 years of Seabrock Station commercial cperation on the balanced
indigenous populations in the ccastal waters of New Hampshire. The
fundamental approach has been to investigate whether trends in the biota
in the nearfield area during the cperational period (August 1950~
December 15%1) are esimilar to trends cbserved in previous years. If
differences occurred during the cperational pericd, further
investigations were made to determine if they were restricted to the
nearfield area or were indicative of an area-wide trend. Any change
restricted to the nearfield area warranted additional study to ascertain
if the differences noted were related tc the operation of Seabrock
Station.

Physico-chemical conditions form the foundation for a biclogical
assessment. The average surface temperature at plankton station P2
(Figure 1) in 1991 was the highest cbserved in the fourteen years cf
meonitering. However, since continuous temperature data indicate that
the thermal plume had dissipated before reaching the thermal monitoring
Station ID, temperature increases related to Station cperation would not
be expected at stations further away (Stations P2 and PS5). Bottom
temperatures were alsc higher than average. Significant spacial
differences have been apparent in surface and pottom temperatures among
the three stations, with temperatures at PS greater than P2, and
temperatures at P2 greater than at P7; this relationship being
consistent over the precperational and operaticnal pericds. It is
likely that temperatures at Stations P2 and PS are influenced, to some
degree, by the Hampton-Seabrook estuary. Dissolved oxygen in both
surface and bottom waters was lower than average, probably a result of
increased temperature. Salinity levels ir 1950 and 1991 were lower than
average by approximately 0.5 ppt. This, nowever, was consistent at
nearfield (P2 anc PS), as well as the farfield station (P7), reflecting
the unusually high precipitation in the fall of 1991. Nutrient levels
in 1991 were similar to previcus years.



The entrainment of plankton through the Circulating Water System
represents a loes to the various planktonic communities. An evaluation
of nearfield plankton communities identified that all were similar to
previous years in terms of the seasonal progressicn of typical species.
Some differences were noted .n species abundances in comparison to
previcus years, however, these differences occurred throughout the study
area and were .0t restricted to the nearfield staticons. There was no
evidence of an effect from entrainment. During 1992, bivalve larvae
density levels appeared to be higher than average. The duration of the
straight-hinged stage appears to be longer than average before it
metamorphoses into the umboned stage. Settling on short term surface
panels appears to be delayed by approximately one month, particularly
among the bivalves. The phytoplankton community again had a typical
spring peak of Skeletonema costatum and blue-greens during 1992.
Microzooplankton, macrozooplankton, and general algae collections to
date are similar to previous years.

Discharge plume entrainment would most likely affect surface-
oriented biota such as lobster larvae, phytoplankton, shallow water
benthos, and the surface fouling community. The phytoplankton community
has historically shown high variability, both seascnally and annually.
This trend continued during the cperaticnal period. Community
composition was similar throughout the study area, suggesting that these
changes are part of an area-wide phencmenon. There was nc evidence of
an increase in nuisance species. Lobster larvae were more abundant 1in

1950 and 1991 than previous years, a change that occurred at all three
Stations.

Abundances of dominant species and indices of community structure
on surface panels during the operaticnal period were similar to previous
years, or if different, were similar between nearfield and farfield
stations, with one exception. Abundances of the dominant taxon
Mytilidae sp. were higher in 1591 only at the nearfield station.
However, 1991 densities were lower than the extremely high densities
noted prior to plant operation in 1950, representing a return to near-
average conditione. The high densities of mytilids may be the result of
natural variability, or environmental conditions. Initial results from
1992 indicate densities are depressed throughout the region.

The intertidal and shallow subtidal benthic communities in 1990
and 1991 were generally similar to previcus years. Species composition
and abundances were consistent with trends observed in previous years.
Total August macrofauna abundance and total algae biomass were lower



than average at the nearfield intertidal station. 7This was the result
of reduced levels of dominant Chondrusg crispus, causing decreased
biomass and reducing the amount of substrate for attachment of fauna.
when triannual samples were considered, biomass was reduced at both
staticns (Figure 2), again indicating that this is part of an area-wide
rrend rather than an effect of plant cperation. The only other
nearfield difference during the operational period was a reducticon in
kelps in the shallcw subtidal zone, which was more pro.cunced in the
nearfield area. Kelps have been declining in recent years, and this
trend has continued during the period of plant operaticn. Observations
by divers indicate that kelps have relocated to a shallower area
adjacent to the shallow subtidal station (Bl7), suggesting that surface
oriented biota are not affected by plume entrainment. Changes that
cccurred in 19%0 and 1991 are likely due to natural variability.

The mid-depth and deep benthic communities are monitcred in order
to determine if there are any effects from increased detritus resulting
from the discharge plume. The benthic community in the area of the
discharge was similar to previous years in terms of its species
composition. Community structure at the mid-depth intake station (B16),
during the cperational periocd was different from most previcus years,
however, this alsc occurred in 1984 and can be attributed to natural
variability. Total macrofaunal density reached its lowest point at the
mid-depth intake staticn in 19%1. Total algal biomase was also lower
than average at the mid-depth intake station (B16), but higher than
average at the deep intake station (Bl3); showing some changes in the
nearfield in 1§9%1. During 19%2, large numbers cf green sea urchins were
still present in Ipswich, Ma., making it difficult to obtain Chondrus
samples. Higher numbers of urchins in the immediate study area have not
been seen, however. Benthic samples appear lighter in volume than
average, continuing last years trend. Large numbers of the gammaridean
amphipod Ischyrocerus anguipes alsc occurred at Station Bl7.

Epibenthic crustaceans, lobsters, and rock and Jonah crabs, would
be susceptible to the effects of larval entrainment, adult impingement,
and effects of increased detritus on benthic food sources. Twenty-nine
lobsters were impinged in 1991, most after the severe October
northeaster storm. Total lobster catch in 1991 at the discharge
sampling locatic Figure 3) was similar to the precperational average.
Catches of legal-eized lobsters have been influenced by changes in the
legal-gize limit. 1991 catches were similar to those in 1990, when the
last change in legal size limit was enacted. Jonah crab catches were
reduced throughout the study area, suggesting an area-wide change. Rock



crab catches in 1950 and 1991 were similar to previcus years.

A rotal of 1019 fish were impinged through the operation of the
Circulating Water System of Seabrock Station in 1991, an increase over
the 499 fish impinged in 1990. Much of the impingement occurred after a
strong northeaster storm in late October, which probably increased the
vulnerability of fish to intake entrainment and subseguent impingement.
The species impinged were typically demersal (lumpfish, flounders, and
little skate), although some pollock ware also lost. Impingement losses
at Seabrook Station were much lower than those measurec at other New
England power plants and substantially lower than losses from commercial
and recreational fishing. Since the begining of 1992, less than 400
fish have been impinged at Seabrock Station.

The demersal and pelagic fish populaticn in ccastal New Hampshire
waters 18 experiencing changes consistent with those noted in the Gulf
of Maine and Georges Bank. Atlantic cod, yellowtail and winter
flounder, and Atlantic whiting have been declining in the Gulf of Maine
and are considered cver-exploited. Other species that were uncommon in
the early years of the study, such as spiny dogfish and skate spp., have
become dominants; a trend also noted by the Naticnal Marine Fisheries
Service. Three species, Atlantic herring, Atlantic mackerel, and
pollock, showed differing trends in the study area in comparison to the
Gulf of Maine. Catches of all three species, however, have remained
stable cor increased slightly during the operaticnal pericd in compariscn
Lo recent years. There has been no evidence of an adverse effect from
cperation of Seabrook Station on the ccastal finfish populatiorn. During
1992, large numbers of herring were caught in gill nets in June, the
first time herring have been caught in many months (Figure 4). These
catches were not sustained into subseguent months.

Hampton estuary is monitored primarily tc evaluate the effects of
Seabrock Station’'s Settling Basin discharge into the Browns River. The
benthic community in 1991 was similar to previous years in terms of
community compositicn, species richness, and total abundance. The
composition of the estuarine fish community in 1991 was consistent with
previous years. Catch levels cof dominants in 1991 were similar to
previcus years with one exception. Winter flounder catches, which have
historically composed only a small percentage of the estuarine fish
assemblage, were lower than average in 15950 and 1991. This is alsc
reflected in lower catches throughout the Gulf of Maine. The soft-shell
clam population in Hampton Harbor has historically shown changes related
to human and green crab predaticn as well ae disease. Trends in the



spat and juvenile densities are similar to recent years, suggesting that
there is no effect as a result of Station operaticn. Densities of
adults continued to be diminished at Flat 2 (Figure £), but were z2imilar
t¢ the precperaticonal average at Flat 1. Flat 4 was the only area where
no evidence of the naturally occurring lethal viral disease sarcomatous
necplasia was dstected.

The results of the analysis of collections through 1591 show some
differences during the 1990 and 1991 cperaticnal period. None of these
changes, however, appear to be the result of the cperation of Seabrook
Station. Most can be ascribed to natural bicological variability.

HYDROLOGICAL PROGRAM

The ocean temperature monitoring program, required by the NPDES
permit, continued throughout 1991 expect during the planned station
cutage months of July-September. The program monitors temperatures both
inside and outeide a portion of discharge plume, called the "jet-mixing
region,” a&s well as a reference point. The jet-mixing region is defined
as that area within 300 feet of the submerged diffuser in the direction
of flow.

The 1991 data were presented in a report submitted to the EPA and
NH DES in early 1992. The results demonstrated permit compliance.
Temperatures at all times were less than the NPDES permit limit of 5°F
above ambient. This temperature difference is referred in the permit as
the delta-t value. In the jet-mixing region, the maximum delta-t occurs
at 100% station power level in the winter months during isothermal ocean
conditions. The minimum delta-t value occurs in the summer months
during thermally stratified ccean conditions. Outside the jet-mixing
region, the delta-t values do not vary significantly, regardless of the
station power level or the season.

During 1992, temperature monitoring continued until the planned
station outage in early September. Preliminary data results are similar
to that experienced during 1991.

CHLORINE MINIMIZATION

Seaprook Station has continued to manage the use of sodium
hypochlorite in accordance with the chlorine minimization program
@stablished with the agencies. During the 1991 pericd, chlorine
ytilization followed that presented with one notable exception. During



February 1991, an intlux in fouling of the Circulating Water System
condenser system due to the colonial ectoproct AnQuinella palmeds,
resulted in the injecticn of chiorine to promote condenser efficiency.
The chicrine plant was shut down from July through early October due to
the scheduled maintenance cutage. During the pericd September through
mid-December, 1951, the flow meter from the Chlcorination Plant became
defective, preoviding errconecusly high flow rates. This provided
calculated demand rates that are suspect. The replacement of the meter
in December (%91 cnce again provided accurate flow measurements. The
effluent limitation for chlorine residual, however, was not exceeded as
a result of this malfunction.

On January €, 1592, the chlorination of the Circulating Water
System was terminated in accordance with the schedule of chlorination in
an effort to minimize chlcorine usage during & pericd of lower demand.
Chleorination of the Service Water System cn the other hand was continued
due its safety related functions. Circulating wWater System
chlorination, however, was resumed in February 1992 when indicaticns of
main condenser biofouling were indicated. Inspections of biofouling
panels positioned within the Intake Transiticn Structure and the
Circulating Water System forebay identified the presence of Anguinella
paloeda, a condition that occurred during the same period in 1991. The
growth of this colonial species, occurred until the resumption of
chlorination; no Service Water System fouling was cbserved due to its
continuous chlerination.

Monitored chlorine residual during 1992, ranged from 0.08 ppm to
less than detectable from mid-February through mid-May 199%92. After this
time, a residual of 0.1 ppm at the Discharge Transition Structure was
maintained due to an increase in demand and an observed decrease in
cendenser efficiency at the lower concentration. Chlorine residuals
within the Circulating Water System were maintained until the Station
cutage began in September 1992. At nc time during this period was the
.20 ppm limit for chlorine discharge exceeded.

During 1992, no significant settlement or macrofculing have been
observed. Chlcerine injection has effectively precluded mussel
development cn system bicpanels, with only minimal adult populations
ceing reported during inspections cof system components. Barnacles and
other macrofouling species growth have likewise been minimal.
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ENCLOSURE TO NYE 92009
1991 OCEAN TEMPERATURE COMPLIANCE REPORT




SEABROOK STATION NPDES
1991 OCEAN TEMPERATURE COMPLIANCE REPORT

1.0 INTRODUCTION

1.1 Purpose

This report presents ocean temperature data that demonstrates federal/state
discharge permit compliance in the receiving waters from the thermal component of
the Seabrook Station Circulating Cooling Water System.

1.2 Background

Seabrock Station is a single-unit, 1,150 megawatt nuclear generating facility
located in the New Hampshire coastal town of Seabrook. The heat dissipation system
for the station is a once-through, ocean intake and submerged diffuser discharge
design. Cooling water is taken from and returned to the waters of the Atlantic Ocean
via 19-foot diameter intake and discharge tunnels that extend about 7,000 and 5,500
feet offshore, respectively.

The National Pollutant Discharge Elimination System (NPDES) permit sets
thermal discharge limits during station operation [1]). Specifically, the thermal
component of the discharge shall not increase the temperature of the receiving waters
by more than 5°F, except in the near-field jet-mixing region where the 5°F limit
applies only at the surface.

Other than the jet-mixing region, defined to be water within 300 feet of the
submerged diffuser in the direction of discharge, no further detail is given to a
definition of receiving waters. Also, no specifics are given regarding the location of
measurement stations.
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The permit, however, is very clear in that the limits apply only to temperature
rises caused by the addition of heat to the receiving waters. This temperature
difference, or delta-t, is the key to demonstrate permit compliance.

1.3 Compliance Demonstration

The analysis of a two-year baseline study v. the thermal field around the
discharge area prior to station operation showed permit compliance can effectively be
defined by using the monthly mean of three thermal monitoring stations [2]. The
stations include areas both inside and outside the jet-mixing region as well as a
reference point. Stations DS, ID, and T7 on Figure 1.1, respectively, correspond to
these areas. Table 1.1 lists the location of each station and 1 e various monitcring
depths.

Tk 1].8. Envircnmental Protection Agency and New Hampshire Department
of Environmental Services, Water Supply and Pollution Contrel Division concurred
that compliance is demonstrated if the delta-t value between reference Station T7 and
those at DS and ID is 5°F or less for the monthly mean (3, 4].
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m

Water Sensor Depth
Station Depth Location Designation (Ft, MLW)
(Ft, MLW)
T7 55 42°55'15"N T7UP -2, Surface Following

70°46'46™W TT™MD -28, Surface Following
T7LO -63, MLW

ID 57 42°54'00"N IDUP -2, Surface Following
70°47T'15"W IDMD -28, Surface Following

IDLO -53, MLW
DS 54 42°53'41"N DSUP -2, Surface Following

70°47T'12"W
w
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20 RESULTS

2.1 Station and Instrument Operation

Seabrook Station received its operating license in March 1990, with full-power
operation starting in August 1990. Power operation continued through the remainder
of 1990 until late July 1991, when a scheduled two-month outage took place. Power
operation restarted in October 1991 and continued through the end of 1991.

The average monthly percent of station operation, which accounts for
ghort-term power outages, is listed in Table 2.1 and shown on Figures 2.1 and 2.2.

Ocean temperature data were obtained from sensors at the three monitoring
stations via satellite telemetry durir,g each month of station operation. Data recovery
during this period is listed in Table 2.1. The average was about 93%. Missing data
resuited from instrument malfunction and are identified on the monthly data
summary tables located in the appendix.

2.2 Delta-t Values

Table 2.2 summarizes the monthly mean of ocean temperature values between
reference Station T7 and Monitoring Stations DS and ID. Positive delta-t values
mean the monitoring station is warmer than the reference; negative values mean it
is colder. Figure 2.1 illustrates the T7-DS delta-t values and Figure 2.2, the T7-1D
delta-t values.

As shown, the delta-t values for all monitoring stations for each month during
1991 are less than 5°F. Consequently, permit compliance is demonstrated.
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The largest delta-t values, as expected, occurred at Station DS, located in the
thermal discharge jet-mixing region. These values varied depending on both station
power level and the season (Figure 2.1). The maximum monthly delta-t, 3.18°F, was
for January. This is a result of 100% station power during isothermal ocean
conditions. The minimum monthly delta-t, -0.79, at Station DS was for July. This
is a result of a lower station power level with thermally stratified ocean conditions.
The large volume of (very) cold bottom water entrained by the discharge plume
significantly reduces the discharge plume's temperature so that at the surface this
mixed volume's temperature is actually less than the reference station.

Outside the jet-mixing region, at Station ID, there is considerably less delta-t
variation (Figure 2.2). The values, in fact, are not influenced by either station power
level or the season. This feature is the same at each measurement depth (surface,
mid, or bottom).

The appendix contains a complete tabular listing for each temperature

monitoring station.
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FEB 71.0 95.1 95.7 100.0 |
MAR 914 96.2 968 69.8 |
APR 75.2 98.3 99.2 90.6 |
MAY 100.0 91.7 92.5 92,5
| JuN 74.9 100.0 100.0 100.0
R 65.8 100.0 100.0 100.0
| Auc 0" 100.0 58.9 100.0
SEP 0 100.0 75.0 99.3
oCT 70.0 95.1 9.6 96.8
NOV 100.0 64.4 95.6 98.3
DEC 96.0 64.9 100.0 100.0

*Scheduled outage.
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TABLE 2.2

Monthly Ocean Tem

t

1

DSUP-T7TUP DUPTTUP | IDMD-T7MD IDLO-T7LO ]
Month ps | ™ | ar | | ™ | AT | ID | T7 AT D ™ AT
JAN 4365 | 4047 | 318 | 4033 | 4050 | 0.17 | 4070 | 4100 | 030 | 4125 | 4233 | -1.09
FEB 4169 | 3950 | 219 | 3964 | 39.45 | 019 | 3954 | 3975 | -0.21 | 3955 | 4066 | -1.11
MAR | 4120 | 3881 | 239 [ 3911 | 3878 | 0.33 | 3835 | 3856 | -0.21 | 38.10 | 3897 | -0.86
APR | 4458 | 4346 | 112 | 4344 | 4317 | 027 | 4164 | 4180 | 015 | 4070 | 4124 | 055
MAY | 5077 | 5037 | 040 | 5053 | 5037 | 0.16 | 4660 | 47.10 | 050 | 4337 | 4401 | 063
JUN | 5685 | 5666 | 0.19 | 56.81 | 56.66 | 0.15 | 52.15| 5263 | 048 | 4847 | 4902 | -055
JUL 58.24 | 59.03 | -0.79 | 59.22 | 59.03 | 0.19 | 5223 | 53.13 | 090 | 48.21 | 4882 | 061
AUG | 62 +« | 6270 | -0.36 | 6206 | 6183 | 023 | 5892 | 58.79 | 0.13 | 5555 | 5526 | 029
SEP 60.19 | 60.25 | -0.06 | 5962 | 59.69 | 007 | 56.73 | 5697 | 0.24 | 53.40 | 5359 | -0.19
OCT | 5337 | 5303 | 03¢ | 52.84 | 53.03 | 0.19 | 51.69 | 5205 | -0.36 | 50.50 | 5068 | -0.18
NOV | 5180 | 4880 | 301 | 4849 | 4881 | 032 | 4894 | 4924 | 029 | 4892 | ™ -
DEC 4721 | 4426 | 295 | 4387 | 4426 | 040 | 4434 | 4479 | 046 | 4447 | 7 -

*Temperatures in degrees Fahrenheit.

**Data missing, instrument malfunction.
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30 CONCLUSION3

Based ¢» d.e results prisented in this 1991 report, and previously in 1990
[5, 6], the following con('usions can be made:

R13/11

The delta-t values for all monitoring stations for each month during
1991 are less than 5°F. Permit compliance, therefore, is demonstrated.

The largest delta-t values occur inside the thermal discharge jet-mixing
region.

The delta-t values in the jet-mixing region vary with station power level
and season. The maximum delta-t value occurs at 100% station power
in the winter months during isothermal ocean conditions. The minimum
delte ¢ value occurs in the summer months during strong thermally
stratified ocean conditions.

The delta-t values outside the jet-mixing region do not vary
significantly, regardless of station power level or \ne season. This
occurs throughout the water column and indicates that there is little or
no influence by the thermal discharge plume.

At
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MONTHLY SUMMARY STATIONS DSUP & T7UP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)
921 1 1 42.86 0.91 46.73 0.82 3.87 0.82 24
91 1 2 43.40 0.51 45.97 0.92 2.57 0.61 24
91 1 3 43.38 0.75 47.89 0.73 4.51 1.03 24
91 1 4 42.17 0.35 45.95 1.50 3.78 1.61 24
91 1 5 43.68 0.46 45.96 0.67 Ce.27 0.95 24
91 1 6 44.15 0.27 46.26 1.01 2.11 1.01 24
21 1 7 43.04 0.31 46.40 0.83 3.36 0.85 24
91 1 8 42.51 0.16 46.09 1.04 3.58 1.04 24
91 1 9 41.91 0.37 45.56 0.74 3.64 0.54 24
91 1 10 41.56 0.28 45.02 0.24 3.46 0.25 24
91 1 11 40.90 0.84 44.26 0.49 3.36 0.92 24
91 1 12 38.17 0.64 40.76 2.61 2.60 2.54 24
91 1 13 38.40 0.34 42.61 0.49 4.21 0.56 24
91 1 14 38.54 0.13 41.94 0.25 3.40 0.25 24
91 1 15 138.41 0.25 42.21 0.52 3.80 0.56 24
91 1 16 38.22 0.29 42.35 1.11 4.13 1.32 24
21 1 17 39.07 0.37 41.52 1.60 2.45 1.32 24
91 1 18 39.52 0.47 41.48 0.66 1.95 0.56 13
91 1 19 40.03 0.22 42.46 0.65 2.43 0.65 24
91 1 20 39.93 0.25 42.50 0.80 2.57 0.64 24
91 1 21 39.88 0.38 42.27 2.38 2.39 2.04 24
91 1 22 38.75 0.27 41.89 1.72 3.14 1.96 24
91 1 23 38.41 0.40 41.72 1.16 3.32 1.43 24
91 1 24 38.96 0.23 40.78 0.63 1.82 0.69 24
91 1 25 38.93 0.20 42.21 0.56 3.28 0.57 24
91 1 26 38.51 0.59 40.84 1.20 2.33 0.79 24
91 1 27 38.51 0.50 42.13 1.00 3.62 0.83 21
91 1 28 40.51 0.56 43.36 0.65 2.85 0.96 16
91 1 29 40.27 0.66 43.99 0.67 3.72 1.19 24
91 1 30 40.72 0.44 44.12 0.64 3.40 0.88 24
91 1 31 40.47 0.42 44.57 0.60 4.10 0.77 24
MEAN S.DEV MEAN S.DEV MEAN N
(DS) (DS) (T7) (T7) (Ds-T7)
43.65 0.93 40.47 0.41 3.18 722
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MONTHLY SUMMARY STATIONS T7UP & IDUP

MEAN
(T7)

42.86
43.40
43.38
42.17
43.68
44.15
43.04
‘2.51
41.91
41.56
40.90
38.17
38.40
38.54
38.41
38.22
39.07
39.52
40.03
39.23
39.88
38.75
38.41
38.96
38.93
38.51
38.50
40.51
40.27
40.72
40.47

MEAN S.DWV MEAN

(T7)
40.50

S.DEV MEAN
(T7) (ID)
0.91 43.38
0.51 43.97
0.75 43.23
0.35 41.9%91
0.46 42.94
0.27 44.20
0.31 42.52
0.16 42.27
0.37 41.69
0.28 41.37
0.84 41.12
0.64 37.98
0.34 38B.47
0.13 37.97
0.25 38.38
0.29 38.32
0.3°7 38.50
0.47 38.68
0.22 39.36
0.25 39.38
0.38 40.00
0.27 38.70
C.40 28.02
0.23 38.66
0.20 38.62
0.59 37.23
0.38 39.33
0.56 40.33
0.66 40.40
0.44 41.05
0.42 40.75
(T7) (ID)
0.41 40.33

S.DEV MEAN S.DEV
(ID) (ID-T7) (ID-T7)
0.77 0.52 1.12
0.98 0.57 0.95
v.77 =0.16 0.35
0.34 -0.26 0.32
0.83 -0.74 0.89
0.82 0.04 0.94
0037 ’0052 00‘1
0.20 =0.24 0.17
0.26 =0.22 0.29
0.21 =-0.19 0.21
0.63 0.22 1.00
0.39 =0.19 0.58
0.75 0.07 0.98
0.51 =-0.57 0.46
0.61 =~0.03 0.48
0.22 0.10 0.42
0.26 =-0.57 0.34
0.56 =~0.85 0.52
0.41 -0.67 0.42
0.35 =0.56 0.28
0.43 .13 0.15
0.33 =0.085 0.17
0.78 -0.38 0.95
0.77 =0.31 0.84
0.26 =-0.31 0.38
1.67 -1.28 1.79
1.18 0.83 1.20
.21 -0.18 0.96
1.14 0.14 1.45
0.83 0.33 0.98
0.35 0.28 0.71
S.DEV MEAN
(ID) (ID=T7)
0.61 =0.17
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MONTHLY SUMMARY STATIONS T7MD & IDMD

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID=T7) (ID=-T7)
1 1 43.73 0.34 43.80 0.19 0.06 0.38 24
1 2 43.92 0.64 43.87 0.53 =-0.06 0.36 24
1 3 43.84 0.52 43.84 0.61 0.00 0.33 24
1 4 43.78 0.30 43.52 0.61 =0.26 0.45 24
1 5 44.69 0.26 44.36 0.18 =-0.32 0.28 24
1 6 44.57 0.22 43.97 0.22 =-0.60 0.24 24
1 7 43.90 0.64 43.39 0.66 =0.51 0.23 24
1 8 42.60 0.17 42.18 0.21 =-0.42 0.22 24
1 9 42.27 0.17 41.81 0.23 =0.46 0.27 24
110 41.97 0.22 41.38 0.20 =0.60 0.32 24
111 41.05 0.83 41.16 0.39 0.11 0.67 24
112 38.61 0.28 38.14 0.42 =0.46 0.52 24
113 39.07 0.26 38.74 0.22 =0.33 0.43 24
114 38.72 0.22 38.70 0.37 =0.02 0.46 24
115 38.81 0.26 39.25 0.12 0.44 0.27 24
116 38.68 0.30 38.52 0.51 =0.17 0.54 24
117 39.59 0.42 38.83 0.35 =0.76 0.35 24
118 39.87 0.40 39.51 0.22 =0.36 0.23 13
119 40.33 0.77 39.72 0.11 =-0.60 0.79 24
120 40.19 0.17 39.99 0.24 =0.20 0.16 24
121 40.15 ©0.27 39.91 0.37 =-0.24 0.22 24
122 39.71 0.23 39.25 0.23 -0.46 0.30 24
123 39.17 0.59 38.89 0.39 =0.28 0.89 24
124 39.15 0.24 38.79 0.40 =0.36 0.48 24
125 39.28 0.47 38.53 0.27 =0.75 0.57 24
126 39.07 0.99 37.63 1.01 -1.44 1.39 22
127 38.59 0.35 38.81 1.10 0.23 1.09 10
128 40.96 0.19 40.74 0.28 =0.22 0.34 16
129 40.35 0.44 40.90 0.19 0.54 0.54 24
130 41.25 0.14 40.94 0.06 ~0.31 0.15 24
131 41.04 0.19 40.70 0.22 =-0.34 0.14 24
MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID=T7)

41.C0 0.37 40.70 0.36 =0.30 709
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MONTHLY SUMMARY STATIONS T7LO & IDLO

MEAN
(T7)

43.78
44.75
44.94
45.15
45.95
46.20
45.39
43.52
43.44
43.17
41.59
39.54
40.13
38.92
40.77
39.94
40.65
40.97
40.95
41.78
41.62
40.93
41.04
39.51
39.86
39.06
39.17
41.72
41.77
42.36
42.22

MEAN S.DEV MEAN

(T7)
42.33

S.DEV MEAN
(T7) (I
0.61 43.23
0.88 43.94
0.53 44.35
0.35 43.63
0.06 44.63
0.08 44.51
0.68 44.66
0.55 42.28
0.46 42.06
0.17 41.82
0.94 41.08
0.33 38.45
0.05 39.38
0.28 39.34
0.39 39.37
0.51 39.22
0.39 39.03
0.11 39.71
0.31 39.89
0.07 40.16
0.01 40.40
0.03 39.62
0.04 139.79
0.15 39.27
0.36 38.53
0.72 37.67
0.37 38.11
0.06 40.93
0.12 40.99
0.11 40.95
0.11 40.90
(T7) (ID)
0.32 41.25

S.DEV MEAN
(ID) (ID-T7)
0.26 =0.55
0.65 =0.81
0.42 =0.59
0.81 =1.52
0.06 =1.32
0.27 =1.69
0.40 =0.73
0.58 =~1.24
0.33 =-1.38
0.39 ~-1.34
0.52 =0.52
0.52 =1.09
0.18 =-0.74
0.15 =~0.58
0.06 =1.40
0.39 =0.72
0.51 =1.62
0.04 =1.26
0.12 =-1.06
0.18 =1.62
0.04 =1.22
0.05 =~-1.31
0.07 =1.25
0.25 =-0.24
0.41 =1.33
0.85 =-1.39
0.81 =-1.06
0.10 =0.79
0.03 =-0.78
0.01 =-1.41
0.08 =-1.32

S.DEV MEAN

(ID) (ID-T7)
0.31 =1.09

S.Dw
(ID-T7)

0.42
0.42
0.36
0.56
0.11
0.32
0.56
0.42
0.52
0.36
0.69
0.44
0.16
0.32
0.42
0.36
0.25
0.11
0.24
0022
0.04
0.05
0.06
0.30
0.57
1.14
0.66
0.14
0.11
0.12
0.06
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MONTHLY SUMMARY STATIONS DSUP & T7UP

MEAN S.DEV MEAN
(T7) (T7) (DS)
40.58 0.21 43.54
40.28 0.34 42.38
40.90 0.17 43.60
41.40 0.40 44.33
41.25 0.33 44.26
40.84 0.24 43.89
40.42 0.04 44.36
40.25 0.11 44.59
40.53 0.56 44.14
40.81 0.32 44.03
40.29 0.25 44.85
39.67 0.17 41.48
39.18 0.27 39.40
39.19 0.39 39.03
38.80 0.23 39.91
3g.52 0.23 39.56
38.50 0.38 39.45
39.06 0.20 41.27
37.92 0.33 39.04
38.24 0.33 39.77
38.97 0.40 40.58
39.60 0.29 40.38
39.40 0.17 40.88
38.22 0.65 40.51
38.21 0.28 40.86
38.43 0.15 39.92
38.35 0.16 41.92
38.38 0.57 39.87
MEAN S.DEV MEAN
(DS) (Ds) (T7)
41.69 0.85 39.50

S.DEV MEAN S.DEV N

(DS)

0.51
0.84
0.42
0.29
0.45
1.8‘
0.40
0.45
0.58
0.50
0.62
2.19
0.46
0.64
0.66
0.43
0.77
0.47
1.€8
1.35
0.50
0.36
0082
0.32
2.03
2.1%9
1.52
0.69

S.DEV
(T7)

0.29

(DS-T7) (DS-T7)
2.96 0.47 24
2.10 0.65 24
2.70 0.47 24
2.92 0.47 24
3.01 0.43 24
3.05 1.74 24
3.94 0.40 24
4.34 0.43 24
3.61 0.89 i9
3.32 0.61 24
4.56 0.60 24
1.81 2.10 24
0.22 0.36 24
-0.16 0.40 24
1.11 0.61 24
1.04 0.50 24
0.95 0.74 24
2.21 0.32 24
1.12 1.47 24
1.53 1.09 24
1.61 0.67 24
0.79 0.57 24
1.47 0.89 24
2.30 0.54 24
2.65 2.13 24
1.49 2.03 24
3.56 1.56 24
1.49 1.22 24
MEAN N
(DS-T7)
2.19 667



MONTHLY SUMMARY STATIONS T7UP & IDUP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)

2 1 40.61 0.21 40.23 0.48 =0.39 0.38 20
2 2 40.30 0.36 40.69 0.89 0.39 0.73 16
2 3 40.90 0.17 40.56 0.53 -0.35 0.54 24
2 4 41.40 0.40 41.56 1.01 0.16 0.68 24
2 5 41.25 0.33 41.68 0.50 0.43 0.30 24
2 6 40.84 0.24 41.09 0.44 0.26 0.23 24
2 7 40.42 0.04 40.56 0.09 0.14 0.07 24
2 8 40.25 0.11 40.41 0.16 0.16 0.09 24
2 9 40.21 0.45 40.67 0.75 0.35 0.44 14
2 10 40.91 0.20 41.34 0.12 0.43 0.23 13
2 11 40.29 0.25 40.74 0.27 0.45 0.20 24
2 12 39.67 0.17 39.89 0.29 0.22 0.15 24
2 13 39.18 0.27 38.75 0.66 =0.43 0.60 24
2 14 39.19 0.39 239.38 0.28 0.19 0.21 24
2 15 38.80 0.23 39.20 0.15 0.39 0.19 24
2 16 138.52 0.23 38.77 0.39 0.24 0.31 24
2 17 38.50 0.38 38.60 1.06 0.10 1.09 24
2 18 39.06 0.20 39.07 0.66 0.01 0.53 24
2 1% 37.92 0.33 38.19 0.35 0.27 0.1i8 24
2 20 38.24 0.33 38.40 0.41 0.16 0.11 24
2 21 38.97 0.40 39.23 0.33 0.26 0.21 24
2 22 39.60 0.29 39.76 0.15 0.16 0.25 24
2 23 39.40 0.17 39.55 0.14 0.15 0.15 24
2 24 138.22 0.65 38.95 0.46 0.73 0.48 24
2 25 38.21 0.28 138.86 0.54 0.65 0.68 24
2 26 38.43 0.15 38.58 0.12 0.15 0.07 24
2 27 138.35 0.16 38.47 0.21 0.11 0.14 24
2 28 38.38 0.57 38.47 0.68 0.09 0.40 24

MEAN S.DEV MEAN S.DEV MEAN N

(T7) (T7) (ID) (ID) (ID-T7)
39.45 0.28 39.64 0.43 0.19 639
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MONTHLY SUMMARY STATIONS T7MD & IDMD

MEAN
(T7)

40.73
40.28
41.05
41.10
41.01
40.99
40.67
40.58
40.85
41.04
40.49
39.84
39.39
39.28
39.21
38.62
38.61
39.10
38.46
38.69
39.25
39.71
39.45
38.95
38.75
40.11
39.04
3g.98

MEAN S.DEV MEAN

(T7)
39.75

S.DEV MEAN
(T7) (ID)
0.25 40.42
0.38 40.46
0.11 40.87
0.13 40.63
0.33 40.59
0.30 40.72
0.09 4¢0.38
0.06 40.24
0.14 40.16
0.24 41.11
0.27 40.64
0.26 39.64
0.39 39.52
0.38 39.04
0.18 39.07
0.20 38.81
0.35 38.88
0.17 39.31
0.25 38.47
0.41 38.69
0.34 39.53
0.15 139.44
0.15 39.22
0.17 38.74
0.62 38.43
1.58 38.27
1.06 38.41
0.03 38.81
(T7) (ID)
0.32 39.54

S.DEV MEAN
(ID) (ID-T7)
0.37 =0.31
0.59 0.18
0.20 =~0.18
0.06 =0.47
0.31 =0.43
0.30 -0.27
.06 -0.29
0.17 =-0.34
0.80 -0.68
0.08 0.07
0.40 0.16
0.27 =0.20
0.38 0.13
0.32 -0.24
0.11 -0.14
0.25 0.19
0.62 0.27
0.23 0.21
0.38 0.01
0.46 0.00
0.24 0.28
0.16 -0.26
0.11 -~0.27
0-18 -0022
0.27 +=0.32
0.06 -1.84
0.14 -0.63
c.08 -0.17
S.DEV MEAN
(ID) (ID-T7)
0.27 =0.21

S.DEV
(ID-T7)

0.29
0.47
0.23
C.14
0.17
0.09
0.09
0.18
0.73
0.27
0.28
0.16
0.26
0.15
¢ 21
0.20
0.52
0.35
0.21
0.22
0‘50
0.27
0.14
0.25
0.52
1.54
1.04
0.08

632
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MONTHLY SUMMARY STATIONS T7LO & IDLO

MEAN S.DEV MEAN

(T7) (T7) (ID)
41.45 0.50 40.45
41.62 0.25 41.02
41.37 0.72 40.86
41.78 0 03 40.46
41.34 0.34 40.38
41.70 0.05 40.72
41.57 0.04 40.63
41.60 0.02 40.73
41.97 0.85 40.79
42.08 0.04 40.87
42.38 0.43 40.94
41.91 0.41 40.03
41.61 0.15 40.05
40.53 0.40 39.06
40.36 0.25 39.08
40.02 0.12 38.79
40.75 0.48 138.88
40.03 0.98 39.41
39.35 0.21 38.94
39.98 0.26 39.08
40.44 0.04 139.40
40.53 0.07 39.36
40.22 0.19 39.13
39.52 0.52 38.64
39.47 0.37 38.39
39.19 0.12 38.14
39.52 0.09 38.51
39.62 0.04 38.75
MEAN S.DEV MEAN
(T7) (T7) (ID)

40.66 0.28 39.55

S.DEV MEAN S.DEV
(ID) (ID-T7) (ID-T7)
0.37 =1.00 0.36
0.03 =~0.60 0.21
0.18 ~0.51 0.79
0.06 =1.32 0.07
0.48 -0.96 0.19
0.18 =0.97 0.19
0.02 -0.94 0.05
0.04 -0.88 0.04
0.07 -1.18 0.82
0.01% ~-1.22 0.03
0.04 -1.44 0.42
0.65 =-1.88 0.47
0.46 -1.56 0.51
0.39 <~=1.47 0.32
0.10 -1.28 0.17
0.13 =1.23 0.14
0.54 -1.87 0.45
0.25 -0.62 0.76
0.37 =0.41 0.38
0.16 -=0.%0 0.17
0302 -1005 0.04
0.18 ~-1.18 0.20
0.11 ~1.09 0.13
0.21 -~0.88 0.46
0.29 ~-1.08 0.19
0.09 ~1.05 0.09
0.15 -1.01 0.11
0.0 -0.87 0.07
S.DEV MEAN
(ID) (ID-T7)
0.20 -1.11

591
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MONTHLY SUMMARY STATIONS DSUP & T7UP

MEAN S.DEV MEAN S.DEV MEAN S.DEV
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)
39.23 0.45 39.78 0.44 0.55 0.35
39.97 0.39 41.72 0.72 1.76 0.76
40.23 0.39 42.64 1.16 2.41 1.21
39.45 0.13 40.09 1.51 0.63 1.55
39.25 0.10 42.53 0.47 3.28 0.45
39.60 0.52 42.85 0.43 3.25 0.53
39.99 0.37 41.85 1.26 1.86 1.45
38.91 0.13 43.10 0.1%9 4.19 0.27
38.73 0.19 42.42 0.30 3.6%9 0.31
38.44 0.14 42.24 0.52 3.80 0.46
38.19 0.11 40.30 2.00 2.11 2.06
38.27 0.19 41.17 1.67 2.90 1.59
37.99 0.35 41.95 0.33 3.97 0.43
38.21 0.10 39.01 1.91 0.79 1.86
37.92 0.05 38.80 1.66 0.89 1.63
37.88 0.35 41.53 1.15 3.65 1.24
38.33 0.52 41.75 0.67 3.41 0.76
38.84 0.12 41.47 0.99 2.63 1.03
38.81 0.14 40.27 1.57 1.46 1.61
38.49 0.22 41.49 _.43 3.01 1.49
38.55 0.29% 41.57 0.30 3.02 0.45
38.59 0.13 40.97 1.66 2.38 1.76
DATA MISSING FOR THIS DAY
DATA MISSING FOR THIS DAY
DATA MISSING FOR THIS DAY
39.29 0.83 41.45 1.94 2.16 1.31
DATA MISSING FOR THIS DAY
DATA MISSING FOR THIS DAY
DATA MISSING FOR THIS DAY
DATA MISSING FOR THIS DAY
39.05 0.36 38.83 0.33 -0.23 0.16
MEAN S.DEV MEAN S.DEV MEAN
(DS) (DS) (T7) (T7) (DS-T7)
41.20 1.02 38.81 0.27 2.39

»

13

13

524
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MONTHLY SUMMARY STATIONS T7UP & IDUP

MEAN
(T7)

39.23
39.97
40.23
39.45
39.25
39.62
39.99
38.91
38.73
38.44
38.19
38.27
37.99
38.21
37.92
37.88
38.33
38.84
38.81
38.49
38.55
38.60
38.40
38.22
38.09
38.94
38.98
38.90
39.17
39.04
3g.83

MEAN S.DEV MEAN

(T7)
38.78

S.DEV MEAN
(T7) (ID)
0.45 39.66
0.39 40.26
0.39 40.46
0.13 139.75
0.10 39.54
0.49 39.86
0.36 40.43
0.13 139.18
0.19 38.94
0.14 38.59
0.11 38.33
0.19 38.38
0.35 38.57
0.10 38.43
0.05 38.13
0.35 38.13
0.52 38.91
0.12 39.22
0.14 39.08
0.22 38.72
0.29 38.87
0.13 38.99
0.11 38.64
0.06 38.37
0.08 38.27
0.86 39.10
0.22 139.29
0.25 39.79
0.37 40.07
0.17 39.48
0.40 39.06
(T7) (ID)
0.25 39.11

S.DEV MEAN
(ID) (ID-T7)
0.60 0.43
0.67 0.30
0.49 0.23
0.15 0.29
0.11 0.29
0.77 0.24
0.32 0.44
0.05 0.27
.18 0.21
0.17 0.15
0.08 0.14
0.22 0.11
0.52 0.58
0.1 0.22
0.09 0.22
0.28 0.25
0.83 .58
0.24 0.38
0.12 0.27
0.15 0.23
0.71 0.32
0.39 0.39
0.12 0.24
0.06 0.15
0.08 0.18
0.%2 0.16
0.31 0.31
0.80 0.90
0.45 0.90
0.51 0.44
0.39 0.23
S.DEV MEAN

(ID) (ID-T7)

0.35

0033

S.DEV
(1D-T7)

0.36
0.62
0.36
0.08
0.13
0.49
0.24
0.12
0.15
0.09
0.12
0.10
0.30
0.07
0.05
0.13
0.49
0.20
0.15
0.12
0.49
0.41
0.07
0.05
0.07
0.65
0.42
0.97
0.44
0.39
0.21

721



MONTHLY SUMMARY STATIONS T7MD & IDMD

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID=T7) (ID-T7)
3 1 39.03 0.09 38.77 0.05 =0.25 0.10 24
3 2 39.17 0.17 38.92 0.26 =-0.25 0.19 24
3 3 39.47 0.36 39.29 0.43 =-0.18 0.23 24
3 4 39.39 0.22 39.24 0.24 -0.15 0.06 24
3 5 39.24 0.13 39.13 0.18 =0.11 0.13 24
3 6 139.49 0.33 39.39 0.41 =-0.10 0.37 24
3 7 39.50 0.32 39.43 0.23 =0.08 0.30 21
3 8 38.99 0.14 38.84 0.03 -0.15 0.14 <
3 9 38.84 0.10 38.62 0.13 =0.23 0.13 24
3 10 38.64 0.09 38.31 0.12 =-0.33 0.17 24
3 11 138.26 0.11 38.02 0.10 =-0.24 0.11 24
3 12 38.33 0.12 38.09 0.14 -0.24 0.14 24
3 13 38.22 0.10 37.95 0.11 =0.27 0.13 24
3 14 38.23 0.09 38.01 0.10 =~0.22 0.09 24
315 37.89 0.06 237.65 0.07%7 =0.24 0.07 24
3 16 37.79 .20 37.71 0.22 =-0.09 0.14 24
3 17 37.81 0.17 37.57 0.11 Q.24 0.21 24
3 18 37.80 0.06 37.52 0.04 -0.28 0.08 24
3 19 38.27 0.30 38.26 0.42 =-0.01 0.26 24
3 20 38.39 0.23 38.24 0.14 <-0.15 0.18 24
3 21 38.42 0.18 38.01 0.14 =-0.41 0.17 24
3 22 38.61 0.10 38.33 0.11 =-0.28 0.12 24
3 23 38.45 0.15 38.26 0.14 =-0.19 0.07 24
3 24 38.21 0.c2 38.00 0.04 =-0.20 0.03 24
3 25 38.12 0.06 37.84 0.04 -0.28 0.05 24
3 26 38.16 0.04 37.94 0.14 =-0.22 0.13 24
3 27 38.22 0.19 37.86 0.05 =0.37 0.16 24
3 28 38.40 0.22 38.23 0.32 =0.16 0.27 24
3 29 138.72 0.25 38.44 0.3%9 =-0.28 0.37 24
3 30 39.01 0.11 38.86 0.31 -0.15 0.22 24
3 31 38.87 0.17 38.63 0.10 =-0.24 0.16 24
MEAN S.DEV MEAN S.DEV MEAN N
(T7) (T7) (ID) (ID) (ID-T7)

38.56 0.16 38.35 0.17 =0.21 721



MONTHLY SUMMAR! STATIONS T7LO & IDLO

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (ID) (ID) (ID-T7) (ID-T7)
3 1 39.62 0.05 38.77 0.08 -0.86 0.10 24
3 2 39.61 0.06 38.74 0.05 =-0.87 0.09 24
3 3 39.87 0.29 38.99 0.41 =-0.88 0.15 24
3 4 39.99 0.21 39.15 0.25 =-0.84 0.08 21
3 5 39.67 0.20 38.79 0.27 ~0.88 0.09 16
3 6 39.76 0.05 38.91 0.04 <-0.85 0.05 24
3 7 39.72 0.03 38.93 0.03 =0.79 0.05 21
3 8 39.45 0.13 38.73 0.05 =-0.73 0.13 4
3 9 139.41 0.13 38.49 0.14 =-0.92 0.16 24
3 10 39.14 0.10 37.87 0.12 -1.28 0.19 24
3 11 39.01 0.17 37.94 0.15 -1.08 0.13 24
3 12 39.03 0.11 38.08 0.12 =0.96 0.07 24
313 38.72 0.19 37.81 0.19 =-0.91 0.20 24
3 14 38.76 0.12 37.90 0.09 =-0.86 0.09 24
315 38.41 0.05 37.54 0.07 -0.87 0.05 24
3 16 38.34 0.02 37.54 0.05 -0.80 0.05 24
3 17 38.27 0.04 37.40 C©.08 =-0.87 0.06 24
3 18 38.29 0.03 37.40 0.04 -0.89 0.04 24
319 38.31 0.02 37.45 0.02 -0.86 0.02 24
3 20 38.41 0.14 37.60 0.08 -0.81 0.08 24
3 21 38.66 0.04 37.81 0.07 -0.85 0.07 24
3 22 38.85 0.14 38.05 0.15 -0.80 0.05 24
3 23 38.87 0.08 38.17 0.11 =0.70 0.07 24
3 24 38.72 0.01 37.91 0.04 -0.81 0.03 24
3 25 38.63 0.05 37.76 0.06 -0.87 0.05 24
326 38.56 0.04 37.72 0.01 -0.84 0.04 24
3 27 38.53 0.03 37.73 0.01 =-0.80 0.02 24
3 28 38.56 0.04 37.76 0.07 -0.80 0.06 24
329 38.67 0.04 37.93 0.05 -0.74 0.07 24
3 30 39.44 0.40 38.60 0.44 -0.84 0.26 24
3 31 39.52 0.07 38.68 0.03 -0.84 0.06 24
MEAN S.DEV 