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Seabrook Station
Annual Environmental Operating Report
January 1, 1995 to December 31, 1995

The following reports related to the environmental studies program were submitted to the EPA
pursuant to the NPDES Permit No. NH0020338.

North Atlantic letter NYE-95003, “1995 Biological Monitoring Program and Proposed
Modifications,” dated January 31, 1995 (Enclosure 1). This letter was submitted to the
EPA and provided the 1995 biological monitoring program and as well as proposed
modificetions to the program.

North Atlantic letter NYE-95006, “Salinity Monitoting at Seabrook Station," dated March
17, 1995 (Enclosure 2). This letter was submitted to the EPA to document discussions
regarding the Salinity Monitoring Program.

North Atlantic letter NYE-9501 1, “Sampling of the Browns River and the Hampton Harbor
Estuary,” dated May 18, 1995 (Enclosure 3). This letter was submitted to the EPA and
provided notification that the Browns River and Hampton Harbor Estuary Monitoring
Program had been discontinued

North Atlantic letter NYE-95017, “Seabrook Station 1995 Environmental Studies Program
Semi-annual Letter Report,” dated August 1, 1995 (Enclosure 4). This letter was submitted
to the EPA and summarized the Seabrook Station Environmental Studies Program to date.

North Atlantic letter NYE-95026, “ 1994 Environmental Studies Report,” dated November
3, 1994 (Enclosure 5). This report was submitted to the EPA and characterized the
environmental conditions in the Hampton-Seabrook area during the operation of Scabrook
Station.

North Atlantic letter NYE-95028, “1996 Seabrook Station Environmental Studies Program
Modifications,” dated November 16, 1995 (Enclosure 6). This letter was submitted to the
EPA and requested several modifications to the environmental studies program

Enyi | Protection P! TP — ,
s quatic Monitori

The following reports related to aquatic monitoring have been submitted to the EPA pursnant to
NPDES Permit No. NH0029338 to demonstrate compliance with the water quality component of
the Station's discharge as required by the permit:
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a North Atlantic letter NYE-95007, “Annual Hydrological Report --1994, dated March 17,
1995 (Enclosure 7). The report was submitted to the EPA and demonstrated compliance
with the NPDES permit.

b. North Atlantic letter NYE-95015, “Seabrook Station NPDES Permit - Chiorine
Miniriization Program,” dated July 12, 1995 (Enclosure 8). This letter was submitted to
the EPA and described the chlorination program at Seabrook Station.

1 .ol Monitori

Not Applicable

v

Not Applicable

EPP Non-Comoll { Conmti :

There was one NPDES Permit exceedance reported to the EPA in the monthly Seabrook Station
Discharge Monitoring Reports (DMRs) for the 1995 operating period.  This was a daily maximum
oil and grease exceedence of 22 mg/l (permit limit 1s 20 mg/l) for the #1 oil/water separator vault
(Outfall 022) on December 22, 1995. It is believed that a dirty level switch for the turbine
building sump (TBS) pumps allowed elevated levels of oil to be pumped from the sump to the
vault. These high levels of oil exceeded the processing capacity of the oil/'water separator. The
turbine building sump is the primary input source to the #1 oil/water separator vault. The level
switch was subsequently cleaned and returned to service.

Note: The New Hampshire Department of Environmental Services issued its report of the 1995
annual NPDES Permit Compliance Sampling Inspection on July 3, 1995, The report gave North
Atlantic a facility evaluation rating of five (on a scale one to five, with five being the highest)
which is defined as a “very reliable self-monitor'ng program”.

a North Atlantic letter NYE-95002, “Request to Use Methoxypropalamine at Seabrook
Station,” dated January 13, 1995 (Enclosure 9). This letter was submitted to the EPA and
requested approval to use Methoxypropalamine (MPA) as a secondary chemistry control
agent.

b. North Atlantic letter NYE-95009, “Impingement Monitoring at Seabrook Station,” dated
May 5, 1995 (Enclosure 10). This letter was submitted to the EPA and provided updated
information about the fish impingement monitoring program.
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b North Atlantic Energy Service Corporation
3 North P.O. Box 300

m@ Atlantic Seabrook, NH 03874
(603) 474-9521
The Northeast Unlities Svstern
NYE- 95003
January 31, 1995

Mr. Edward K. McSweeney

Wastewater Management Branch

United States Environmental Protection Agency
Boston, MA 02203

References: (a) Seabrook Station NPDES Permit No NH0020338

(b) North Atlantic letter NYE-94019 dated October 27, 1994, "Technical Review
Papers"”, R.J. DeLoach (North Atlantic) to E.K. McSweeney (EPA)

(c) EPA Letter dated May 17, 1993, "Proposed 1993 Biological Monitoring Program
Seabrook Station, NPDES Permit NH0020338," E.K. McSweeney (EPA) to R.J.
Del.oach (North Atlantic)

Subject: 1995 Biological Monitoring Program and Proposed Modifications
Dear Mr. McSweeney:

As required under sections 1.A.1.j (4), and 1.A.1]1 of the Seabrook Station NPDES permit
{Reference (a)], North Atluntic Energy Service Corporation (North Atlantic) is providing the 1995
biological monitoring program (Enclosure 1). A meeting of the Technical Advisory Committee (TAC)
as established under section [.A.11 (b) of the NPDES permit, was held on November 10, 1994 at Seabrook
Station. This meeting provided a discussion of the 1993 monitoring program results, highlights of the
near complete 1994 menitoring program, including the biological, chlorine minimization and hydrothermal
monitoring activities and status. In particular, detailed discussions were held on the proposed 1995
monitoring program, as well as proposed modifications to the biological program as presented in four
technical papers [Reference (b)] which are enclosed and summarized below as Enclosures | through 4 to
NYE-94019.

1. North Atlantic requested the elimination of the marine intertidal destructive sampling
program at the Outer Sunk Rocks (indicator station) and the Rye Ledge (control station).
This program change is being requested because the Outer Sunk Rocks has been
determined to be outside of the range of the 3°F isotherm and there has been no ev.dence
of any thermal impacts based on monitoring results to date. In addition, due to the
limited habitat at these locations and the slow recovery following sampling, there is
increasingly limited habitat to sample. The ongoing nondestructive sampling program will
continue to provide an adequate measure of monitoring changes in this habitat should they

occur.




U.S. Environmental Protection Agency January 31, 1994
Artention: Mr. Edward K. McSweeney Page two

2. Consistent with earlier approved modifications in the ichthyoplankton program, a
reduction of macrozooplankton data collectio~ fiom three samples to one sample per
sampling date at each station, is being requested. A statistical analysis demonstrates that
there would be minimal or no loss in sensitivity to detect a potential plant operational
impact if this reduction occurred.

3 Eiimination of the estuarine benthos monitoring program and Browns River temperature
and salinity monitoring program. In the EPA’s May 17, 1993 letter regarding North
Atlantic’s 1993 proposed biological program changes [Reference (c)], EPA indicated that
the above mentioned monitoring programs should continue for one additional year
following the cessation of discharges to the Rrowns River from the Seabrook Station's
Settling Basin. Discharges to the Browns River were subsequently terminated on April
13, 1994, At the end of 1994, one year of post-discharge benthic macrofauna data had
been collected (May, August, and November samples). In addition, temperature and
salinity data was collected during 1994 and will continue to be coliected until April 1995,
In May 1995, North Atlantic plans to submit a report discussing the results of the post-
discharge study period, and to notify the TAC that these programs will cease in
accordance with earlier authorization.

4. Proposal to analyze the Before-After/Impact-Control data with a mixed-effects ANOVA
mode! instead of the fixed-effects ANOVA model was presented to the TAC. According
to recent literature and examples cited in the technical paper, this change would improve
the statistical analysis of environmental studies program data. North Atlantic requests that
the revised statistical program be initiated in the processing of 1994 data.

The biological program modifications requested above would not jeopardize North Atlantic’s
ability to detect impacts associated with the operation of Seabrook Station, should they occur. In
addition, the use of the statistical model proposed above would result in 2 more objective analysis of the
data and more reliable test results.

Following the TAC meeting on November 10, 1994, North Atlantic anticipated that approval of
the 1995 biological program and a determination of the acceptability of the requested program
modifications would be provided prior to the end of 1994. As no response has been received to date,
North Atlantic is providing the 1995 biological monitoring program (Enclosure 1) for your review and
approval as well as additional copies of the four technical papers already provided to the agencies
[Reference (b)]. North Atlantic also respectfully requests that a decision on the 1995 program
modifications be made by February 28, 1995.

Should the TAC approve any of the program modifications or the statistical model modification,
appropriate changes will be made in this schedule, which will be revised and resubmitted to the agencies.
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Should you have any questions relctive to the 1995 biological programs or the requested
modifications, please do not hesitate to contact Mr. James M. Peschel, Regulatory Compliance Manager,

at (603) 474-9521, extension 3772 or Mr. Ronald A. Sher, Senior Scientist, at extension 2729.

RJD:RAS/act
Enclosures
cc with enclosures:

Mr. Jeffrey Andrews

Supervisor, Industrial Permits Section
Dept. of Environmental Services

Water Supply & Pollution Control Division
6 Hazen Drive _
Concord, NH 03302

Mr. Robert Estabrook

Dept. of Environmental Services

Water Supply & Pollution Control Division
6 Hazen Drive

Concord, NH 03302

Dr. Edward Schmidt

Dept. of Environmental Services

Water Supply & Pollution Control Division
6 Hazen Drive

Concord, NH 03302

Mr. John Nelson

NH Fish and Game Department
37 Concord Road

Durham, NH 03824

Very truly yours,

%.&W

R. Jeb h
Director - Special Projects

Mr. Nicholas Prodany

Permit Compliance Section
Environmental Protection Agency
John F. Kennedy Building
Boston, MA 02203

Mr. Eric Nelson

National Marine Fisheries Service
Northeast Region

One Blackbum Drive

Gloucester, MA 01930

Mr. Jack Paar

Environmental Protection Agency
60 Westview Street

Lexington, MA 02173

Ms. Marcia Bowen
Normandeau Associates, Inc.
38 Lafayette Street

P.O. Box 202

Yarmouth, ME 04096



Environmental Protection Agency
Attention: Mr. Edward K. McSweeney

¢c w/o enclosures:

Dr. John Tietjen
134 Palisade Avenue
Leonia. NJ 07605

Dr. W. Huntting Howell
12 James Farm
Lee, NH 03824

Dr. Benard J. McAlice
Darling Marine Center
University of Maine
Clarks Cove Road
Walpole, ME 04573

January 31, 1993
Page four

Dr. Saui Saila
317 Switch Road
Hope Valley, RI 02832

Dr. Robert Wilce
Department of Biology

221 ..forrill Science Center
University of Massachusetts
Ambherst, MA 01003

Mr. Ted C. Feigenbaum
Senior Vice President and
Chief Nuclear Officer
North Atlantic Energy Service Corporation
P.O. Box 300
Seabrook, NH 03874
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NYE. 9019

October 27, 1994

Mr Edward K. McSweeney

Wastewater Management Branch

Urnited States Environmental protection Agency
John F Kennedy Building

Boston, MA 02203

Reference:  Seabrook station NPDES Permut No. NH0020338
Subject: Technical Review Papers
Dear Mr McSweeney:

North Atlantic Encrgy Service Coiporation (North Atlantic) has prepared four technical
papers for review by the Technical Advisory Commuttee (TAC) as established under the NPDES
permut for Seabrook Station. Each paper evaluates a particular segment of the biological monitoring
program performed under the NPDES permut and aetails modifications to each program based upon
data obtained dunng both the preoperational and operational periods.

The artached technical papers include an evaluation of the Seabrook Station marine interudal
destructive program (Enclosure 1), an evaluation of the Seabrook Station macrozooplankton
sampling program (Enclosure 2), an evaluation of the Seabrook Station estuarine benthos program
(Enclosure 3), and an evaluation of current statistical model utilized to analyze Seabrook Station
environmental monitoring data (Enclosure 4) Each of the three program papers review aspects of
the current biological monitoring program and address desired modifications based on a review of
the data These modifications will not jeopardize North Atlantic's ability to determine impact, should
it occur, as a result of Station operation. The statistical review proposes to replace the current
statistical model with an extended model which would result in more objective data analysis and mc =
reliable test results

A meeting has been scheduled to review these papers, as well as the 1993 biological data.
1994 program highlights, proposed 1995 program, and other environmental programs required under
the Seabrook Station NPDES permit on November 10, 1994  Should you have any questions relative
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to the technical reports, please do not hesitate to contact Mr K :nneth Dow at (603) 474.9321,
extension 2401, or Mr James M. Peschel, Regulatory Compliance Manager, at extension 3772

Very truly yours,
1
R Jeb DeLoach
Director - Special Projects
RJD ALL/act
Enclosures

cc with enclosures:

Mr Ted Landry Mr. John Nelson

Permut Compliance Section NH Fish and Game Department
Environmental Protection Agency 37 Concord Road

John F. Kennedy Building . Durham, NH 03824

Boston, MA 02203

Mr Jeffrey Andews Mr. Jack Parr

Supervisor, Industrial Permits Section Environmental Protection Agency
Dept. of Environmental Services 60 Westview Street

Water Supply & Pollution Control Division Lexington, MA 02173
6 Hazen Drive
Concord, NH 03302

Mr. Eric Nelson Dr. Edward Schmidt

National Marine Fisheries Service Dept of Environmental Services

Northeast Region Water Supply & Pollution Control Division
One Blackburn Drive 6 Hazen Drive

Gloucester, MA 01930 Concord, NH 03302

Mr. Robert Estabrook Mr. Nicholas Prodany

Dept of Environmental Services Permit Compliance Branch

Water Supply & Pollution Control Division Environmental Protection Agency

& Hazen Drive John F. Kennedy Building

Concord, NH 03302 Boston, MA 02203

¢c w/o enclosures:
Mr Ted C Feigenbaum
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EVALUATION OF SEABROOK STATION
MARINE INTERTIDAL

DESTRUCTIVE PROGRAM

prepared for

NORTH ATLANTIC ENERGY SERVICE CORPORATION
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Seabrook Station
Seabrook New Hampshire

prepared by
NORMANDEAU ASSOCIATES
25 Nashua Rd.
Bedford NH 03110




lntroducnon

The predominant marine intertidal habitat in the
vicinity of Seacrook Station 1s hard substrare
ledge. This habitat supports a rich and diverse
assembiage of anached macroalgae and macrofauna
tolerant of changes in tdal elevation. air and water
temperature. and wave energy.

The marine intertidal monitornng program was
established 1o describe temporal and spatial pat-
terns in the hard substrate benthic community and
1o evaluate potential impacts from Seabrook Sta-
tion’s thermal discharge plume. Concern was
raised during the design and installation of the
offshore intake and discharge structures that the
Outer Sunk Rocks might be exposed to elevated
temperatures, causing potentially damaging lethal
and sublethal effects to the biological communiry.
Monitoring during the operationai period has
shown that the thermal plume has met the NPDES
permit criterion (i.e., a AT of <5°F at the Outer
Sunk Rocks). Furthermore. field studies that deter-
mined the extent of the thermal plume under sever-
al udal and current conditions indicated that there
were no measurable temperature differences at the
Outer Sunk Rocks. Therefore, based on the physi-
cal data, it is unlikely that this area is affected by
the discharge plume.

At the 1993 meeting of the Seabrook Station
Technical Advisory Committee, probiems sur-
rounding sample collection, particularly at Rye
Ledge. were discussed. The area of horizontal
ledge habitat at monitored sites is limited. Given
the long natural recovery penod of communities
occupying this habitat, destructive sampling since
1978 at the Outer Sunk Rocks and since 1982 at
Rye Ledge (30-1/16 m* samples per vear) has
reduced the amount of undisturbed area available

for sampling. As a result. it is difficult to locate
an area for sample collection at Rve Ledge without
encroaching on areas where samples have previoys.
ly been collected. Furthermore. it is unknown
whether areas that appear to have full algal cover
have totally recovered. The purpose of this paper
15 10 evaluate the intertidal monitoring program :n
light of its objectives and. taking into account the
impacts by the monitoring program itself. recom.-
mend sampling modifications.

Metbods

Benthic destructive samples are collected three
times per year (May, August, November) at mean
low water areas on the Outer Sunk Rocks
(BIMLW, nearfield) and Rye Ledge (BSMLW.
farfield, Figure 1). Five randomly selected | 15
m* areas in Chondrus-dominated horizontal ledge
(previously undisturbed by sampling) are scraped
clean of flora and fauna. Samples are washed o1 e
a 1.0-mm screen and animals and algae are re-
moved. Algae are identified to the lowest possible
taxon, dried to constant weight and weighed. In
August, collections of animals are identified to
lowest possible taxon; noncolonials are enumerated
and colonials are recorded as present. In May and
November sampies. only selected animal taxa are
enumerated. Selected animal taxa were determ ned
from previous studies to be those taxa that are
most useful as indicators of the communities in the
study area, based on abundance. trophic level. 4.
habitat specificity. Length measurements of sever-
al dominant or important organisms (Mytilidae
spat. gastropod Nucella lapillus, and amphipod
impithoe rubricata) are made.
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Sampling began in 1978 at the Outer Sunk
Rocks. In 1982, farfield stations outside of any
potential influence of Seabrook Station wese added
tc most programs. A lengthy search was undertak-
en 1o find a suitable farfield counterpant to the
Outer Sunk Rocks. The Rve Ledge area was se-
lected as that which most closely approximated the
Sunk Rocks: however. differences in topography
and wave exposure are apparent.

Beginning in 1982, rwo areas at Outer Sunk
Rocks (BIMSL) and Rye Ledge (BSMSL, Figure
|) have been evaluated nondestructively in April,
July, and December. Observations are made at
two permanentiy-marked 0.25 m® quadrats at three
tidal levels: bare rock (approximate mesn high
water). Fucus zone (approximate mean sea level),
and the Chondrus zone (approximate mean low
water). The percent cover of fucoid algae and
percent frequency of occurrence of dominant or-
ganisms are estimated and recorded. General ob-
servations and photographs of the area are also
made.

General collections of macroalgae are made in
order to identify all possible aigal taxa present at a
station.  Collections are made in conjunction with
intertidal destructive sampling. In addition, collec-
tions are taken from mean sea level areas, includ-

ing tide pools.

Sampling Design

The sampling design for the marine benthic
program utilizes simultaneous sampling at both
nearfield (or impacted) and farfield (or controi)
stations both before or after a potential impact, as
advocared by Green (1979). This protocol has

been renamed Befcre- A fter/Control-Impact (BACY)
by Stewart-Oaten et al. 1986. intertidal benthic
sampling was iniciated before the 1990 plant stan-
up date and has continued for the four-year period
of plant operation.

Analvsis

Impact assessment for all Seabrook programs
includes analysis of the communiry and assessmen:
of selected species. The null hypothesis is that no
change has occurred during the operational period
Benthic community analysis includes numerical
classification of both macrofauna and macroaigae
and analysis of variance (ANOVA) of communin
parameters such as number of taxa and total abun-
danc or biomass. In the community analysis. no
impact was indicated if operational collections
were highly similar to preoperational collections.
causing them to be grouped together. Abundance
or biomass of selected species is assessed through
ANOVA. Median percent frequencies of dominant
taxa in the intertidal nondestructive program duriny
the operational period are ¢~ npared to the preoper-
ational period. No impact is indiczted if the med-
an of the operational period is within the preopera-
tional range.

A two-way factonial ANOVA was urilized thar
matches the BACI design. The main effects are
Operational Period (Op-Preop) and Station and
their interaction term (Op-Preop X Station) Tem-
poral factors (vear within operational status and.
when appropriate, month within year) were also
utilized. Transformation is emploved for some
parameters in order to normalize the distributicr
the data in impact assessment. The term of con-
cemn is Preop-Op X Station: a significant Precp- -
X Station interaction term would suggest that .»



operitional change has occurred at only one of the
paired stations. warranting further examination.

Results

The intertidal benthic community in the Sea-
brook area is a diverse and productive assemblage.
Species nchness and abundance and biomass at
intertidal stations were similar to shallow subtidal
(5 m depth) habitats. and much higher those ob-
tained from deeper environs (9-21 m depth)
(NAESCo 1994). The red alga Chondrus crispus
predominated, with Mastocarpus stellatus an im-
portant secondary dominant (Table ). Mytilidae
spat were highly abundant. Epifaunal species such
as the isopod Jaera marina. and gastropods Lacuna
vincta and Turtonia minuia. were cCOmMmOn, as was
the bivalve Hiarella sp. Although small seasonai
differences in abundance or biomass of these spe-
cies were observed, vanations among vears were
greater, reflecting vanations in recruitment success
and small scale topographic differences (Figure 2).
Significant differences among years and between
stations occurred in numbers of taxa, total abun-
dance and biomass. and abundance or biomass of
dominants (NAESCo 1994).

During the operational period, significant de-
creases occurred at the Sunk Rocks in the average
total algal biomass, total faunal density, and num-
ber of faunal taxa. The average number of algal
taxa was reduced at both intertidal stations. How-
ever, variations in these parameters during the
operational period were wichin the range of previ-
ous years (Figure 2). There was no evidence of 2
sustained decrease in any of these parameters that
was related to the operation of Seabrook Station.
Furthermore, community composition in the inter-

b

tidal zone has been stable throughout the studs.
and distinct from other depth zones in the moni-
toring program (Figure 3).

The intertidal nondestructive program gives a
slightly different picture of the intertidal zone than
does the destructive program. The observations.
us.ng percent frequency of occurrence. and. for
fucoids, percer: cover, give a two-dimensional
picture of the habitat, i contrast to the three-di-
mensional aspect of abundance or biomass of de-
structively-collected samples. However, the use ot
an established quadrat eliminates the small scale
spatial variability related to unavoidable topograph-
ic differences in destructive samplies. The nonde-
structive program focuses on dominants that can be
observed in the field. It is the only program that
examines the high intertidal bare rock ledge and
mid-intertidal Fucus zone habitats.

In the mean high water zone at both nondestruc-
tive sampling sites, bare rock substrate predomi-
nates. Bamacles and the gastropod Littorina saxu-
tilis are the only fauna that occur in any abundance
at both stations. Fucus spp. appears at the farfield
site. Ephemeral green algae appear in April. then
disappear. In the fucoid zone at mean sea level
Fucus spp. and Mytilidae are present year-round
Littorina obtusata occur in low percentages. “on-
destructive sampling results at mean low water in
the Chondrus zone paralleled those from the de-
structive program. Chondrus crispus, Mastocarpu
stellarus, Mytilidae and Nucella lapillus were im-
portant year-round (NAESCo 1994).

Results from the nondestructive monitoring
program indicate that no differences in communin
composition occurred during the operational per:-
od. However, differences have been evident



TABLE |. MEAN ABUNDANCE OR BIOMASS AND UPPER AND LOWER 95% CONDEFIDENCE LIMITS OF
DOMINANT ALGAL AND FAUN AL TAXA IN AUGUST INTERTIDAL CONLLEC TR INS DURING
PREOPERATIONAL (1978-1989; 2 ND OPERATIONAL (1990-1993) PERIODS.

MEAN ABUNDANCE OR BIOMASS

DOMINANT TAXA PREOPERATIONAL OFERATIONAL
LCL MEAN ucL LCL MEAN veL
Algae Chondrus crispus 796 5 986.2 11759 4730 780 7 1OKS 4
Mastocarpus stellatus 1066 215.2 3219 207 206 4 vl 0
Corallma officinalis 200 513 826 LR 203 444
Fauna Mytihdac 47979 69205 Y9823 ERREL) ToLis el
Juera maring 217 3626 6217 690 1242 2239
Lacuna vincia 2036 3209 5061 2474 I8KS 6i14
Turtonia minuia 1368 2707 536} 683 1850 5016
thatella sp. 1465 2604 4632 297 840 2178
Ohigochaeta 1204 2030 3424 i82 817 1860
Nucella lapillus 926 1501 241 530 1437 390)
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Figure 3. Dendrogram and station groups formed by numerical classification of
August collections of marine macroalgae and macrofauna. 1978-1993.



berween the Sunk Rocks and Rve Ledge through-
out the study period

Discussion

The intertidal community observed in the vicini-
ty of Seabrook Station is similar to that described
by other studies in New England (Stephenson and
Stephenson 1934ab: Menge 1976; Lubchenco
|978. 1980: Lubchenco and Menge 1978; Larsen
and Doggert (981 Menge and Lubchenco 1981;
Menge 1983. Mathieson et al. 1991). The low
intertidal zone is marked by the termination of the
fucoid canopy. gradually cnanging to a thick cover
of red algae (Chondrus crispus on honzontal sur-
faces. ranging to Masrocarpus stellatus on vertical
surfaces) in all but the most exposed areas. The
algal cover provides a substrate for a vanety of
epiphyvtes and epifauna. most notably the blue
mussel Mvri/us edulis. A number of invertebrate
predators can occur. including crabs (rock crab
Cancer irroratus and Jonah crab C. borealis),
seastars (.dsterias spp.) and the gastropod Nucella
lapillus.

A vanety of biological and physical processes
are thought to affect community structure. Vana-
tions in the physical environment are caused by
changes in tidal elevation, wave exposure, salinity,
substrate rvr  .nd topography, and ice as well as
biological factors such as competition and preda-
tion. Menge (1991) claims that competition and
predation account for 50-75% of the observed
variation in the intertidal zone. However, in the
exposed low intertidai zone such as that occurming
in our study area. strong wave action excludes
most predators. allowing VAtilus edulis a competi-
tive advantage over Chondrus crispus and bama-

cles (Menge 1976. Lubchenco and Menge 1978.
Lubchenco 1980). Mussel populations show dra-
matic fluctuations depending on the recruitment
success of spat (Hardwick-Witman and Mathieson
|983. Suchanek 1981, 1986). Large numbers of
mussels can eradicate Chondrus crispus through
smothering as well as by competing for space

The intertidal zone is subjected to extreme natu-
ral variations in temperature. desiccation, and salin-
ity, due to tidal action. The intertidal area is sub-
Jected to vaniations in air temperature during low
tide and ‘vater temperatures at high tide. While
surface water temperatures vary from 1-18°C in the
study area (NAESCo 1994), air temperatures range
from -18°C to +28°C (Mathieson et al. 1991).
Ra'nfall can reduce salinity levels to near zero a
low tide. The biotic community is tolerant 1o thoy
extreme variations in the environment.

Any potential thermal impacts from Seabrook
Station in the intertidal zone must be considered
with the natural variations as a backdrop. H:dro-
dynamic modeling conducted pnor to plant start-up
predicted that thermal impacts at the Outer Sunk
Rocks would be rare, and if they occurred. the
temperature increase would be less than |°F (Te:
sandier et al 974). Subsequent field monitoring
studies conducted duning commercial operation
showed that the thermal plume did not extend 1w
the Outer Sunk Rocks under the conditions testeJ
no change in temperature resulting from the dis-
charge plume was observed in this area (Padman.-
bhan and Hecker 1991). Thus, based on the phy .-
cal data, the likelihood of a thermal impact from
Seabrook Station at the Outer Sunk Rocks is low
The biological studies support this conclusion.
showing little change in community compositivr
bevond that expected from natural vanabilin .-



ing the three-vear operational period (NAESCo
1994),

N i N N

There are three compelling reasons for elimi-
nation of intertidal destructive sampling. The
Outer Sunk Rocks is out of the range of 3°F iso-
therm from Seabrook Station and is likely to be
unaffected by the thermal plume. This alone
should justify removing intertidal monitoring from
the program. Secondly, there is no biolog:cal
evidence of any thermal impacts based on monitor-
ing resuits to date. Third, much of the horizontal
ledge habitat has been disturbed by previous sam-
pling, especially at Rye Ledge. Due to slow natu-
ral recovery of this habitat. continued destructive
sampling will further impact most of the resident
populations. The intertidal nondestructive program
will continue to provide an adequate measure of
monitoring changes in this habitat, should they
occur. In the event that the nondestructive pro-
gram does show change beyond that expected from
natural vanability, destructive sampling could be
reinstated to further assess these changes.
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Evaluation of Seabrook Station Macrozooplankton Sampiing Program

Introduction

The operaton of Seabrook Stadon, a steam
electric generaung station, requires a large
volume of seawater for condenser cooling.
During this cooling process, numerous
planktonic organisms are entrained through
the condensers with the cooling water and
many are presumed not to survive.
Collections of macrozooplankton, larger
invertebrate plankton, have been made in the
Hampton-Seabrook area since 1978. This
sampling effort was part of the environ-
mental monitonng program for assessing the

tential impact of Seabrook Station, which

gan commercial operation in August 1990.
The objectives of these studies were 10
describe seasonal, annual and spatal trends

and community composition of mactozoo-"

plankton in the Hampton-Seabrook area: 10
identify key species and monitor their annual
abundances: and most im t, to deter-
mine whether Seabrook Station operation
had any measurable effect on them. This
evaluanon of the macrozoplankton sampling
program intends to demonstrate that current
sample replication contibutes little to the
descripdon of temporal variability in species
abundance, and thus, the program scope
could be reduced without loss of informagon
critical to impact assessment.

Review of Methodology

The present macrozooplankton sampling
design consists of two stations located in
potenually impacted areas (nearfield), one
near the offshore intake (P2) and the other
near the offshore discharge diffuser system
(P5); and a non-impacted (farfield) or control
station (P7) approximately 7 km north of the
discharge area (Fig. 1). These stations have
besn sampled consistently since July 1986.
In addidon, station P2 was sampled from
January 1978 through December 1984 and
P7 from January 1982 through December
1984. Primanly, the data since 1987 have
been used for impact assessment because the
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collections met the Before-After/Control-
Impact sampling design requirements
(Stewart-Oaten et al. 1986) and were
amenable to statistical testing based on
analysis of vaniance (ANOVA) models. In
addition, these data were used for numencal
classification and multivanate analysis of
variance (MANOVA). For ANOVAgs, abun-
dance of the following four selected
macrozooplankton species were examuned:
Calanus finmarchicus (copepodites and
adults separately), Carcinus maenas (larvae),
Crangon septemspinosa (zoeae and post
larvae) and Neomysis americana (all life
stages combined). For these selected
species, all annual data from two monthly
collections were included in the analyses,
except for C. maenas larvae, which occur
seasonally and whose analyses were
restricted to data collected from June through
Se (NAESCO 1994).

ata used in the analyses were from thres
randomly selected replicates of four samples
collected in two consecutive tows (NAESCO
1994). Collections were made with paired |-
m diameter 505-u mesh nets at each stauon
on two sampling dates per month, usually
from alternate weeks. For the 1993 data
analyses the log;o transformed replicate
sample densities were averaged. The
ANOVA model was a two-way factonal with
nested effects. The main effects were
ogemiond periods (Preop-Op) and stations
(Station), and the model included their
interaction term (Preop-Op X S.ation)
Nested temporal effects were yerss within
operational periods:(Year(Precp-Op)) and
months witun ysar (MontV(Year)). For
both nested terms, varianich was parutioned
ignoring stations (stations combined). A
fixed-effects model was assumed with all
sources of variation tested against the
residual mean-square (Error) term. Type 1l]
(SAS 1985) sums of squares were used for
the analyses because the cells in the factonal
design contained unequal numbers of obser-
vations (Freund et al. 1986). To separate
preoperational from operational penods the



1990 data were excluded because part of that
year was preoperational and the remaining
operational. The source of variation of
primary concern for power plant impact
assessment was the Preop-Op X Station
interaction (Thomas 1977, Green 1679;
Stewart-Oaten et al. 1986). Through 1993,
there have been no significant interacuons
detected for the four selected macrozoo-
plankton species (NAESCO 1994).

Sampling Program Evaluation

Traditionally, replicate sampling has been
conducted to estimate plankton abundance
because of their suspected “patchy”
dismbution. The six years of macrozoo-
plankton data (1987-93, excluding 1990)
collected at three stations provided a
reasonably long time-series 0 evaluate
whether there has been enough varnability
among the three replicate samples to warrant
their continued collection. fo-z2, this
evaluauon will attempt to determine whether
the present macrozooplankton program
would be affected in its ability to detect plant
operation i:zacu if the number of replicates
were reduc

The . "ect of using only one or two
samples per date was simulated by recom-
puting the previously cescribed ANOVA
using data from all three replicates (replicate
densites not averaged) and comparing these
results to those obtained by using the first
and last replicate samples (two samples), and
then to those using only the first replicate
sample. A simnilar approach to simulating
effects of sampling modifications on the
ichthyoplankton was used in 1993
and presented at the Technical Advisory
Comminee (TAC) meeting (NUSCO 1993).

Conclusions of the evaluation were based
on whether similar results were obtained
from the ANOVAs for each of the selected
species using three replicates versus two
replicates and one sample. Of particular
concern were the results from testing the
source of variation for the Preop-Op X
Station interactions and whether the Error
terms were reasonably stable. These two
terms were examined statistically with
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separate F-tests constructed as ratios of
corresponding means squares, where the
larger of the two mean-squares was the
numerator (Snedecor and Cochran 1967
The Error mean-squares terms of the
ANOVA models were important in this
evaluation because they accounted for all
unexplained variance or “natural noise”. and
thus, contributed critically to the final
sensitivity of every F-test

Evaluation Results

Comparison of the three ANOVAs (three
replicates versus two replicates and only one
sample per sampling date) for each selected
species showed similar results in assessing
potennal plant impact (Tables 1-5). Based on
the sources of varation that were significant
(p £ 0.05) in each ANOVA, for the three
versus two replicate comparisons the only
differences in F-test significance were the-
Station term for C. finmarchicus adults and
the Year(Preop-Op) term for C. maenas
(Tables 2 and 3). For the three replicates
versus one sample comparison there were
several differences, three in the Preop-Op
term for C. finmarchicus copepodites, C
maenas and N. americana (Tables 1, 3 and
5); and two in the Year(Preop-Op) term
for C. maenas and C. septemspinosa (Tables
3 and 4). Nevertheless, the crincal
interaction Pieop-Op X Station term was
not signi‘icant in any ANOVAs and the
probab.iities of rejection (P) for this term
were similar in all comparisons, except for
C. septemspinosa (Table 4). Of parucular
importance was that the residual mean-
squares (Error terms) were similar among
the three ANOVAS for each species, which
indicated that reduction to one sample per
date would not result in an “inflated” esumare
of the unexplained variance or “natural
noise”. The similarity between Error terms
computed with three replicates and with one
sample was apparent when the two Error
mean-squares for each species were plotted
and the slope (0.944) from linear regression
was not significantly (p g 0.05) different
from 1 (Fig. 2). Minimal or no loss in
sensitivity to detect possible operational



effects with a reduction in sampling was
further supported by the results of the F-tests
comparing the mean-squares of the Error
and Preop-Op X Station terms (Table 6).
For both terms there were no significant (p
<0.05) differences for any species when
mean-squares were computed using three
versus two replicates or three replicates
versus one sarmple. Between-tows van-
ability was negligible because replicate tows
at the same locauon only a few minutes apart
simply reflect variability resulting from gear
and field work procedures. If the procedures
are properly standardized and field work is
carned out conscientiously, sample differ-
ences between consecutive tows should be
minimal. [t is also important to remember
that in Before-After/Contol-Impact sampling
designs, ths true replication units are the
sampling dates rather than the tows on each
sampling date (Stewant-Oaten et al. 1986).
Reducing the number of replicates (i.e., 10
one sample) could also affect the taxa
composition data used in the numerical
classificaton and MANOVA. Using all the
data (three replicates) collected from 1987-
93, a wotal of 99 taxa were identified. Using
only the first replicate, 97 taxa would have
been identfied. The two species lost were
Nebalia bipes (0.13% frequency of occur-
rence in 1510 samples) and Rhincalanus
nasutus (0.07%); these rare species probably
would have been excluded from the analyses
based on the selection criteria for “dominant”
taxa (NAESCO 1994). Frequency distribu-
tons of taxa using the three replicates and
only one sample per sampling date were
compared using the chi-square ess-of -
fit test (Sokal and Rohlf 1969). The
frequency of occurrence for each taxon in all
samples (three replicates) was divided by
three and tested against the frequency from
onfl’y one sample per date. No significant
difference was detected (chi-square = 33.7,
df = 98). Similarly, for the top 15 taxa
(Table 7) which accounted for over 9% of
the macrozooplankton abundance during
1987-93, the contributions from each taxa
showed almost no change regardless of
whether three replicates or one sample were
used in the calculation. Therefore, the
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reduction to one sample per sampling date
will not appreciably alter the results from
numerical classification or MANOVA
analyses.

Conclusions and Recommendations

The similarity in results from the three
ANOVA; for each selected species indicated
that there would be minimal or no loss in
sensitvity to detect a potential plant operanon
impact if the collectons of macrozooplankton
dara were reduced to one sample per date at
each staton. The esumated variances for the
critical interaction and error terms were
similar with either one sample or with three
replicates, suggesting that current sample
replication was redundant. Therefore, it 1s
recommended that macrozooplankton data
collection be reduced from three to one
sample per sampling date at each staton.
This will not likely reduce the ability of the
program to detect potential piant operational
impacts nor affect additional analyses (i.e.
numerical classification and MANOVA ).
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Table |. Calanus finmarchicus copepodites: Comparison of results from three analysis of varunce t2sis,
the first based on three replicates, the second on two replicates and the third on one sample per sampling date, 1987.

1993,

Thres meplicate samples
Souzce of vanauon 4 MS Eovalue P
Preop-Op 1 10.87 16.02 0.001
Year (Preop-Op) 4 434 6.40 0.001
Month (Year) ) 34.18 50.38 0.001
Stauon 2 6.84 10.08 0.001
Preop-Op X Staion 2 0.28 0.42 0658
Emx 1219 068

Two replicaie samples
Source of vanauon 4af M3 E-value 2
Preop-Op i 532 7.96 0.005
Year (Preop-Op) 4 2.11 3.16 0014
Month (Year) 66 22.60 3382 0.001
Stauon 2 5.87 8.78 0.001
Precyp-Op X Station 2 0.13 0.19 0825
oo 788 0.67

-One sample

Source of vanauon 4l MS E-value P
Preop-Op 1 .1 2.58 0.109
Year (Preop-Op) 4 1.76 2.64 0.034
Month (Year) 66 11.95 17.89 0.001
Station 2 6.54 9.80 0.001
Preop-Op X Station 2 0.21 0.32 0.728
Eoox 356 067
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Table 2. Calanus finmarchicus adults: Companson of results from three analysis of vanance tests. the (irs
based on three replicates. the second on two replicates and the third on one sample per sampling date, 19871963

Thme mplicate samples
Source of vanauon af M3 E-value P
Preop-Op 1 6.37 482 0028
Year (Preop-Op) 4 12.54 9 .48 0.001
Month (Year) 66 20.92 15.83 0.001
Stauon 2 8.61 6.51 0.002
Preop-Op X Stauon 2 0.75 0.57 0.568
Emx 1219 132

Two rmplicaie samples
Source of vanauon df MS E-value ) -
Preop-Op 1 6.48 4.96 0.026
Year (Preop-Op) K 9.13 6.99 0.001
Month (Year) 66 14.72 11.27 0.001
Station 2 383 293 0.054
Preop-Op X Station 2 1.43 1.10 0.335
B 788 131

Qne sample

Source of vanauon e MS. E-value 2
Preop-Op 1 6.58 4.70 0.031
Year [Preop-Op) 4 4.00 2.86 0.023
Month (Year) 66 7.23 5.17 0.001
Stauon 2 6.10 436 0.013
Preop-Op X Stauon 2 0.86 0.61 0.542
o 236 130
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Table 3. Carcinus maenas larvae: Comparison of results from three analysis of vanance wests, the first based
on three replicates, the second or two replicates and the third on one sample per sampiing date. June through
September for 1987-1993.

Thze replicaie samples
Source of vanauon af MS Eovalue 2
Preop-Op 1 414 591 00158
Year (Preop-Op) B 1.85 2.64 0.034
Month (Year) 18 5.72 8.17 0.001
Stauon 2 1.59 2.27 0.104
Preop-Op X Station 2 043 0.61 0544
Eox 403 0.70
Two replicaie samples
Source of vazauen Af M3 Eovalue "
Preop-Op 1 3.50 47 0.031
Year (Preop-Op) 4 1.46 1.96 0.101
Month (Y ear) 18 3151 473 0.001
Stauon 2 1.41 1.90 0.151
Preop-Op X Station 2 0.12 0.16 0.855
Eoox 260 074
Qne sampie

Source of variauon —df MS_ F-valye p
Preop-Op 1 1.62 1.99 0.161
Year (Preop-Op) 4 0.63 0.78 0.542
Month (Y ear) 18 1.98 2.43 0.002
Swuon 2 1.67 2.08 0.133
Preop-Op X Station 2 0.39 0.47 0624
Eox 116 .81
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Table 4. Crangom septemspinosa zoeae and post larvae: Comparison of results from three analysis of
vanance tests, the first based on three replicates, the second on two replicates and the third on one sample per
sampling date, 1987-1993.

Three molicaie sampies
Source of vanauon 4L M3 Sxalue R
Preop-Op 1 0.22 0.61 0.436
Year (Preop-Op) 4 2.14 5.94 0.001
Month (Year) 66 2597 72.14 0.001
Stauon 2 15.31 42.52 0.001
Preop-Op X Station 2 1.01 2.82 0.060
Exx. 1219 036

Two replicaie samples
Source of vaniauon df M3 Fovalue P
Preop-Op 1 0.08 0.22 0.638
Year (Preop-Op) - 144 387 0.004
Month (Year) 66 17.29 46.58 0.001
Station 2 11.08 29.76 0001 -
Preop-Op X Station 2 0.85 2.28 0.103
Eax 788 037

Qne sample

Source of vaoauon af M3 E-value p
Preop-Op 1 0.17 0.42 0517
Year (Preop-Op) - 0.78 1.94 0.103
Month (Y ear) 66 8.77 21.80 0.001
Stauon 2 8.09 20.11 0.001
Preop-Op X Station 2 0.36 0.89 0.410
Emx 236 040
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Table 5. Neomysis americana: Companson of results from three analysis of vanance tesis. the first based on
three replicaies. the second on two replicaies and the thurd on one sample per samnpling date, 1987-1993.

Three mplicate sampies
Jqurce of vazauon df M3 Fovalue £
Preop-Op 1 6.58 987 0.002
Year (Preop-Op) 4 24.33 36.49 0.001
Month (Year) 66 8.07 12.10 0.001
Stauon 2 93.57 140.35 0.001
Preop-Op X Swauon 2 0.02 0.03 0.970
Eox 1219 067
Two replicaie samples
Souree of vanation 4af MS E-value P
Preop-Op 1 31.94 588 0.016
Year (Preop-Op) 4 16.83 25.12 0.001
Month (Year) 66 5.58 834 0.001
Stauon 2 69.51 103.7§ 0.001
Preop-Op X Station 2 N.04 0.06 0.941
Emx 788 067
Qn¢ sample

Source of vanauon df M3 E-value P
Preop-Op 1 2.58 31.56 0.060
Year (Preop-Op) 4 7.15 9.86 0.001
Month (Year) 66 2.88 397 0.001
Stauon 2 55.96 77.24 0.001
Preop-Op X Staton 2 0.02 0.02 0977
Emx 356 012
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Table 6. Results of F-tests o determine significant (P g 0.05) differences bezween mean-squares (MS) for error and
interacuon terms from thiee analysis of variance tests (ANOVA) for the selected macrozooplankion species (see
Tables 1-5). One ANOVA was based on three repiicate samples collecied twice a month at each stauon, the second
was based on two replicate samples and the third was based on one sample. F-values were calculaied by dividing the
larger of the two MS by the smaller.

Eror ierm Inieracuonterm
lvsd 2vs3 1vsd 2vs 3

Species Evalue P E:value P Evalue P Evalue P
Calanus finmarchicus copepodites 1.01 0437 1.01 0427 1.19 0456 197 0337
Calanus finmarchicus aduits 1.06 0247 1.01 0427 1.15 0466 191 0343
Carcinus maenas 1.16 0.146 106 0.8 1L11 0474 366 01215
Crangon seplemspinosa 112 0.093 103 0319 282 0261 1.20 0455
Neomysis americana 1.09  0.162 1.00 0470 1.25 0444 205 0328
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Table 7. Comparnson of r*lauve contbution to the macrozooplankion abundance for tie top 15 taxa using thres

replicates and only ¢ e sample. These taxa represent over 90% of the towal macrozooplankion abundance from 1987
93.

% Conmbuuon with % Contribution with

Tasa Abree replicaie samples Qn¢ SaMpIS
Centropages typicus 2l 5 |
Cimpedia 189 169
Calanus finmarchicus 17.6 176
Cancer sp. 6.3 6.7
Temora longicornis 5.0 5.0
Oukopieura sp. 36 41
Eualus pusiolus 30 31
Centropages sp. 2.3 26
Mysis muxia 2.1 19
Meganycuphanes norvegica 1.9 20
Evadne sp. 18 1.8
Podon sp. 1.7 1.8
Carcinus maenas & 1.5
Metrudia sp. 1.5 1.5
Limacing reroversa i 12

Seabrook Stanon Macrozooplankion
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The Hampton Seabrook estuary is formed by the
confluence of several tidal creeks. including the
Hampton. Browns.and Blackwater Rivers and Mill
Creek (Figure |1 Approximately 10% of the estuarv
is oper: water. and the remainder 1s salt marsh (PSNH
1974) Seabrook Station is located on the Browns Ruver.
Hampton Harbor is a shallow lagoon (roughiy 1.2 miles
wide by | 5 miles long, Figure |). located behind the
barrier beaches at Hampton and Seabrook.

Environmental studies have been conducted in
Hampton Seabrook Estuary since 1975, and have
included sampiing of physical parameters (temperature

and salimity). fish populations. benthic macrofauna.

bivalve larvae. and juvenile and adult soft-shell clam
(Mhaarenaria) The purpose of these studies has been
to idenufy spatial and temporal trends in the biological
communities and 1o evaluate possible biological effects
trom the construction and operation of Seabrook Station.

The source of potential impacts to estuarine
macrofauna near Seabrook Station has been the outfail
from the Station's settling basin, which, from 1978
until 1994, discharged into Browns River. During the
construction of Seabrook Station's Intake and Discharge
Tunnels (1980 - [983). tunnel dewatening effluent
discharged through the senling basin. Discharge
volumes were at their highest during this period
(generally 50 - 125 millicn gallons/month). The
etfluent consisted mainly of saline water and, when
compared to receiving waters, had elevated levels of
organic matenal and nutrients along with granite flour
from dnlling activities (NAI 1980a). Toxicity studies
conducted in 1979 and 1980 showed an adverse effect
of the discharge etfluent at full strength on one of four
test species (Crangon septemspinosa, NAI 1979, 1980b).
Further testing showed no adverse effects of the
undiluted effluent on C sepremspinosa. but decreased
survival of Neomisis americana (NAL 1981). No
adverse etfects on any of the test organisms cccurred
when the effluent was diluted to ambient concentrations.

W ith the completion of the tunnel in [984, discharge
volume decreased and the saline component was
elimmnated. Since 1987, the total monthly outfall has
been consistently less than 30 million gallons month

In April 1994. the settling basin discharge into Browns
River was eliminated. as flow was redirected througn
the Stations s circulating water system to the offshore
discharge structures. One year of post-discharge benth ¢
macrofauna data will have been collected at the ¢n 4
of 1994 (May, August. and November samples . s
well as nine months of temperature and salininn data

The purpose of this paper is to review the estuarine
benthos monitoring program in light of its objectives
and to make recommendations for modifications.

METHODS
Field/Laboratory

Temperature and salinity measurements have e
collected weekly at Hampton Harbor and Browns Riv .+
at high and low tide from May 1979 to the present
(Figure 1). Benthic macrofauna were collected .
intertidal and subtidal depths at mean low water in \ 1o
August. and November at two areas. nearfield Brow .
River (Station 3) and farfield Mill Creek (Stau.
9.Figure 1). Collections were made from 1979 . [ux:
and 1986 - 1994. Five 1/16m" (0.1m depth) repii.u'.
samples were collected by an airlift that was ficed v -
2 0.79 mm mesh bag. Samples were sieved throu .
a |.0 mm mesh screen, and all organisms were sorte.
identified to lowest practical taxon, and enumeraic.
(NAESCo 1994).

Sampling Design

The sampling design for estuarine benthos relies ..
simultaneous sampling of both impacted (or near: .
and control (or farfield) stations both before and ..
a potential impact, as advocated by Green (1979,
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protocol was renamed Before-After/Control-impact
(BACD) by Stewan-Oaten et al. (1986). Estuanne
benthos sampling was initiated in 1978, prior to the
construction of Seabrook Station at both nearfield
{Browns River) and fartield (Mill Creek) stations. At
the and of 1994, one vear of samples will have been
collected ‘ollowing the cessation of the potential impact
to the Browns river from the settling basin discharge.

Statistical . lethods

The BACI studv design best lends itself to analysis
of vaniance (ANOVA). The suitability of ANOVA has
been questioned bv many because of difficuities in
meeting its assumptions. particularly for biological data
(Eberhart 1976. Hurlbert 1984). More recent studies
suggest that a sound sampling design. one that takes
into account the biological processes involved. and good
statistical model enhance the success of the BACI model
(Smith et al. 1993. Underwood 1994).

The challenge in the estuarine benthos program
has been to find suitable statistical analyses to test the
hypothesis of no impact from Seabrook Station. The
nvpe and potential for impact to the Browns River
macrofauna has varied with the salinity and voiume
of the discharge. as previously discussed. Natural
variations in precipitation have also had an effect.
Species composition, abundance, and number of taxa
have varied among months and years in an unpredict-
able fashion. Nearfield and farfield stations were rarely
similar when tested with ANOVA. Two-way analyses
of variance consistently showed significant differences
among years and stations (NAI 1987). Since nearfield
and farfield stations were significantly different, an
examination of a time series of community parameters
and density of selected species at individual stations
with a one-way ANOV A to test for differences among
vears has been used to determine whether the current
vear is significantly different from previous years.

RESULTS

Physical factors such as salinity. precipitation.
temperature and sediment texture are an :mporant
influence on soft-bortom communities such as those
in Hampton Seabrook Estuary.

Temperatures in Browns River and Hampton Harbor
rypically showed a seasonal pamem of lowest
temperatures in January or February, and highes:
temperatures in July or August (Figure 2). Tempera-
tures were warmer and more variable at Browns River
than at Hampton Harbor, which is more exposed 1o
coastal waters.

Salinity had a less distinct seasonal cvcle. but was
generally lowest in spring (coincident with high runc:
and highest in summer, when precipitation was (v’
(Figure 3). Salinities were lower and more ‘ariur .
at Browns River, which is located further up the estuur
and nearer to points of freshwater input. Salinities
Hampton Harbor were higher. influenced by 2 hi.:
tidal exchange (88%), causing an influx of coastal «.u
water into the estuary (PSNH 1974).

Sediment grain size in the estuary was found to =
variable and reflected habitat patchiness. Grain 5iz¢-
ranged from medium to very fine sands. and were oo
poorly sorted (NAl 1985).

Macrofauna

The benthic macrofaunal communaty in Browns R .-
and Mill Creek was typical of estuarine soft substra:.
communities throughout New England and the Atlan: .
Coast (Watling 1975, McCall 1977, Whitlarch 197~
Santos and Simon 1980). The species assembia..
were dominated by small surface and subsurface deo -
feeding annelids such as Streblospio benedicii. Cur .
capuatc. Hediste diversicolor. and oligochaetes
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NAESCo 19921 Most of the dominants could be
charactenized 25 opportunists, tvpified by rapid
reproductive ratzs and 'arge population vanations.
allowing them > succeed in disturbed or varable
habitats. The vanatons in the physical environment
combined with a predominance of opportunistic species
has led to large vanations in total density and density
of dominant taxa among seasons and among vears
‘Figure 4). Variations at the nearfield Browns River
Station generally parclieled those at the farfield Mill
Creek. suggesting a response to area-wide changes in
phyvsical or biological conditions rather than site-specific
conditions. There has been no evidence of an effect
from Seabrook Station's settling basin.

DISCUSSION

The estuarine benthos monitoring program was
designed to evaluate possible effects from Seabrook
Station's sertling basin discharge. During the period
from 1980 - 1982, the discharge volume was at its
highest level. and was highly saline, with elevated levels
of nutrients and suspended solids (NAI 1980a.b). At
the same time. precipitation levels were at their lowest.
resulting in higher than average (and less variable)
salinity in the Browns River (no salinity data are
available for Mill Creex). Macrofaunal number of taxa
and total density were at their highest during this period
at both stations. This apparent change in natural
environmental conditions likely caused the rapid influx
of large numbers of opportunistic species including
Streblospio benedicti and oligochaetes, contributing
to high total density. In addition, species typical of
offshore waters appeared, resulting in high numbers
of taxa.

Since 1983, the 2stuanine benthic community has
continued to show high vanability in numbe: of taxa
and total density  [n 1993, densities were higher than
average and numbers of taxa were lower than average
at both stations but both were within the range of the
|6-vear time series. There are a number of other

environmental factors that could affect the macrofaunal
community. A New Hampshire Department of
Environmental Services study (NHDES 1992) res ealed
that bacterial contamination had occurred taroughout
the Hampton Seabrook estuary. largely a result of failed
septic systems. A previous survey (NHDES 1986,
indicated that nonpoint sources such as urban and
agncultural runoff.boat discharges. and watertow |
domestic fowl as well as various point sources mas
contnbute to bacterial contamination and nutrient input
in Hampton/Seabrook estuary. These sources may enrich
the area with organic material. which would result in
changes in the macrofaunal community. The abilin
of the estuarine monitoring program to detect impacts
directly related to the operation of Seabrook Station
1s confounded by these and other influences.

The Seabrook Station Technical Advisory Comminee.
made up of state and federal regulations. has indicarte
that one vear of estuarine macrofauna collections woul
be required following the cessation of settling pus v
discharge before termination of any program in Brown.
River and Mill Creek would be considered. Theso
samples will have been collected by November 992
and the assessment of the 1994 program will be
available for review as part of the 1994 Operationu!
Report. to be completed by September |. 1995 Thi,
additional year of data is not expected to chan.e
conclusions developed to date. The estuarine
macrofaunal community is subject to many eny ironmen-
tal (abiotic and biotic) influences, which have resulted
in high natural vanability. While Seabrook Stati.:
may have influenced the local macrobenthic communit
in Browns River during the height of tunnel dew aterin.
similanties in trends in total density and numbers
taxa berween Browns River and Mill Creek indicuie
that other area-wide influences were likely contributin.
factors.
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The cessation of all discharges to the Browns River
has eliminated any potential impact due to the operation
of Seabrok Station. While NAESCo has continued
0 monitor the balanced indigenous macrofauna
community in Browns River, a request that the program
be deleted from the 1995 Monitoring program is
prudent based on the lack of potential impact within
these communities. Monitoring of Hampton Harbor
temperature, salinity, estuarine fish, and the soft shell
clam population will continue until further analysis
Justifies a reduction in this effort.
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Mixed-Effects ANOVA Model Pro
Environmental Data Collected

Introduction

A review of statistical methods currently
used to analyze Seabrook Staton environ-
mental monitoring data was conducted by
NU Agquatic Services Branch personnel
during the summer of 1994. The focus of
this review was the fixed-effects ANOVA
model used to analyze the Before-After/
Control-Impact data in several sections of the
1993 Seabrook Environmental Studies
Report. This review was motivated by some
quesuons regarding the assumption of fixed
effects (instead of random or mixed), by the
recommendations of Dr. J.P. Geaghan
(Louisiana State University) in his January
1994 report to Normandeau Associates Inc

(NAID), and by Underwood's (1994) sugges-. .

tion of treaung spatial variability among
stations as a random effect for the purpose of
testung with ANOVA models. This report
summarizes results of the above mentioned
review and proposes to replace the current
fixed-effects ANOVA model with an
extended model which has an added term and
a mixture of fixed and random effects
(mixed-effects model). Implications of the
proposed change of models are briefly
discussed, and several examples of ANOVA
results from applying both current and
proposed models to 1993 Seabrook data are
provided.

Review of Methodology

Many sampling designs have been
proposed in the literature to address the need
for detecting environmental disturbances
caused by human actvities, but most widely
used experimental designs during the last 15
years have been based on Green's (1979)
Before-After/Control-Impact or BACI
sampling scheme (Underwood 1994).
Following the critical reviews of BACI
applicatons provided by Hurlbert (1984) and
Stewart-Oaten et al. (1986), there has been

Seabrook Staton ANOVA Model

posed for Analyzing Seabrook Station
under the BACI Sampling Design

an ongoing discussion in the marine research
and ecological literature regarding several
perceived problems of BACI designs
(Underwood 1991, 1992, 1994; Smith et al.
1993). The most imporant criticism, lack of
temporal replication (Hurlbert [984), was
resolved by increasing the number of
sampling dates an1 adapting the statisucal
analysis to accommodate a random sourcs of
variance labeled “time” or “sam ling dates”
(Stewart-Oaten et al. 1986; Underwood
1991, 1992). However, new concerns with
the lack of agreement among control stations
before and after an impact and with how o
deal with spatial variability in the data
analyses have been raised recently by Smuth
et al. (1993) and Underwood (1994).

91; gulhbeen cluﬁ since Stewart-Caten et al.
(1986) that sampling dates were the unir of
replication in BACI designs and, thus,
temporal effects should be modeled as
random factors (Snedecor and Cochran 1967
Underwood 1981). Regarding the ANOV A
used to analyze Seabrook’s environmen:a!
daa, Dr. Geaghan's recommendation to N A|
was (o treat all effects involving “time ™ (i ¢..
Year and Month) as random effec:s.
Although this change would represent an
improvement over the current fixed-effects
ANOVA model, the concerns raised by
Underwood (1994) with regard to the
treatment of spatial variability when more
than two stations are sampled would remain
unaddressed. Underwood (1994) argued
that the source of variation Stations in an
ANOVA model should also be treated as
random because the sites selected only
represent a “sample” of all possible locanons
in the area of study where the monitored
species can be found. An important consider-
ation in favor of declaring stations a random
factor is that weating them as a fixed etfact
restricts statistical inference to the speciric
locations where samples were collected.
effectively “reducing” the study area
Conversely, plant status (i.e., the Befores



After effect) is a fixed factor because there
are only two possible times relevant 1o
assessing plant impacts, either before or after
the plant began operanon.

Evaluation of the Proposed ANOVA
Model

The mixed-effects ANOVA model that
would result frora implementing both
Geaghan and Underwoog' s (1994) recom-
mendations would have, for the Seabrook
data, one fixed effect (plant status or Preop-
Op effect) and all the other terms in the
model weated as random factors (Table 1).
The most obvious consequence of adopting
such a mixed model would be that many F-
test ratios would have denominators different
from the residual or error mean-squares
currently used for all the tests. The different
F-tests for Seabrook data resulting from a
completely fixed model (i.e., the current
model) and from the application of models
1a) and 1b) in Underwood (1994) are
summarized in Table 2. Following sugges-
tions from both Dr. Geaghan and
Underwocd (1994) the proposed ANOVA
mode! would include the new term labeled
Year{Preop-Op) X Station in both
Tables | and 2. This new term ides the
mean-squares needed for the F-test of the
interaction Preop-Op X Station in the two
mixed-effects models described in Table 2.
This interaction is the mos: critical term in
ANOVA models for BACI designs because
its stanstical significance would indicate a

ossible plant impact (Greem 1979;

nderwood 1994). [t is also important to
note that the mixed model, with only Year
and Month as random effects (Table 2),
would not provide tests for the two main
effects Preop-Op and Station. By
contrast, the pt?oud model (on the right-
hand column of Table 2) provides tests for all
the sources of variation.

Although ANOVASs with mixtures of fixed
and random effects can be computationally
very demanding, especially in situations
where the data are not balanced, the analyses
of Seabrook data could be easily handled
with the newest version of the widely

Seabrook Station ANOVA Model

available SAS computer programs (SAS
1990). We used the GLM Procedure.
Version 6, in SAS (1990) to apply the
proposed ANOVA mode! to seven different
data sets from the 1993 Seabrook Environ-
mental Studies Report (NAESCO 1994).
The results of these seven ANOVAs are
summarized in Table 3 and compared with
results from NAESCO (1994) for the same
data sets analyzed with the fixed-effects
ANOVA model. In two instances, for the
Ichthyoplankton and Macroalgae data sets,
the proposed mode! provided a more
sensiave F-test for the interaction Preop-Op
X Station. In all other examples presented
in Table 3 the current fixed-effects model
provided the most sensitive tests for the
interaction. Except for Mytilidae density,
however, the reductions in sensitivity were
only moderate or marginal and they did not
change the significance of the F-tests.
Although the effect of applying the proposed
model will depend on each parucular data set._
in general, a small loss of the apparent power
of the F-tests should be expected. The rea-
son for this loss is that some of the temporal
variability among stations is assigned o the
new interaction term Year (Preop-Op) X
Stations rather than to the residual or
“unexplained” variance component. Since
the mean-squares corresponding to this new
interaction is now used in the F-test and
tends to be larger than the residual mean-
squares previously used, the calculated F-
values will be smaller. The actual SAS
programming code required for the above
analyses is listed in Table 1.

Conclusions and Recommendations

The continued use of a completely fixed-
effects ANOVA model for the analysis ot
Seabrook environmental data 1s not
supported by recent literature (Smith et al
1993; Underwood 1994). Despite some
occasional apparent loss of sensitivity relanve
to the current ANOVA model, the mixec-
effects model should result in more objecuve
data analyses and more reliable test resuits
The most important consequence of applying
this ANOVA model would be that stausucal



inference based on F-test results would
correctly apply to the entire area of study
instead of being restricted, as with the current
model, to the specific locations where

samples are collected. We propose that, |

starting with the 1994 Seabrook Environ-

mental Studies, the Before-After/Impact. |

Control data be analyzed with a mixed-effects |

ANOVA model which includes a new term
Year(Preop-Op) X Station and where
Preop-Op is the only fixed effect.
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Table |. Companison between the current fixed-effects ANOVA and the proposed ANOV A mode! in which the only
fixed effect is plant operauonal status. Y

Current ANOVA Modele Proposed ANOV A Model®
Sources of - Typeof Sources of Type of
Yacauon Effecs Yanaton Elfects
Preop-Op Fixed Preop-Op Fixed
Y ear(Preop-Op) Fixed Year(Preop-Op) Random
Month( Year) Fixed Month(Y ear) Random
Station Fixed Station Random
Preop-Op X Station Fixed Preop-OP X Stauon Random
Year(Preop-Op) X Station Random

+ SAS pr ramming code for current modei:

Proc GLM:
Class Freop-Op Stauon Year Month;
Mode! = Preop-Op Year(Preop-Op) Month( Year) Staton Preop-Op* Sation / S53;

b SAS programming code for proposed modetl:

Proc GLM:
Class Preop-Op Station Year Month;
Mode! = Preop-Op Y ear(Preop-Op) Month(Year) Station Preop-Op* Station Station*Y ean(Preop-Op) / $53.
Random Y ear(Preop-Op) Month(Year) Station Preop-Op* Station
Station® Year(Preop-Op) / Test. -

Table 2. Correct mean-squares denominators for F-test ratios in Seabrook's ANOVA model for three different
combinations of fixed and random effects.

Sowrce of Year and Year, Month

Preop-Op Ermor No test Esumateds

Year(Preop-Op) Emor Esumateds Esumaieds

Month(Year) Emor Ermor Emor

Swauon Emor No test Preop-Op X Station )
Preop-Op X Station Emve Year(Preop-Op) X Station Year(Preop-Op) X Stauon
Y ear(Preop-Op) X Station Emor Enor Emor

* Estumated by SAS using a linear combination of two or more mean-squares (mean-squares are the
vanance components corresponding 10 each “term” or source of vanauon in the ANJUV A model).

Seabrook Station ANOVA Model 4



Table 3. Exampies of analysis of variance results com

panng the proposed ANOV A model 10 the current mode!

(P 5 0.05 denotes a significant effect),

Source of _Emmmrmm .Cmmumz__

Yanauon MS Fyalue  p

Mnmum-Cmgmnm»nmvau
Preop-Op 0.08 0.11 0.764 0.08 0.25 0618
Y ear(Preop-Op) 0.71 0.08 0.988 0.71 2.2 0.061
Month(Year) 8.66 27.87 0.001 8.66 27.78 0.001
Stauon 5.08 15.12 0.062 5.08 16.30 0.001
Preop-Op X Station 0.34 0.95 0426 0.34 1.08 0.341
Year(Preop-OP) X Stauon 0.35 1.14 0.337 . . .
Error 0.31 0.31

Ichthyoplankion - American sand lance larvae
Preop-Op 0.04 0.04 0.856 0.04 0.08 0.77%
Y ear(Preop-Op) 091 0.24 0937 091 1.67 0.141
Month(Year) 4.11 741 0.001 4.11 7.58 0.001
Stauon 242 5.08 0.165 240 443 0.013
Preop-Op X Stagon 047 2.21 0.163 0.48 0.89 0410
Year(Preop-OP) X Stauon 0.22 J.39 0.949 . .
Emor 0.55 0.54

Seines - Winter flounder
Preop-Op 1.28 6.24 0.076 1.28 9.54 0.002
Y ear(Preop-Op) 0.25 0.72 0.737 0.25 1.85 0.037
Month(Year) 0.32 243 0.001 0.32 2.39 0.001
Stauon 0.14 1.31 0479 0.14 1.03 0.359
Preop-Op X Station 0.11 0.73 0.494 0.11 0.84 0.431
Year(Preop-OP) X Stauon 0.16 1.19 0.251 . . .
Ermor 0.13 0.13

Gill nets - Atantic herring
Preop-Op 309 235 0.145 3.09 7894 0.001
Y ear(Preop-Op) 1.32 421 0.001 1.32 33.76 0.001
Month(Year) 0.28 7.86 0.001 0.28 7.23 0.001
Swuauon 0.10 1.97 0.400 0.10 2.5 0.079
Preop-Op X Stadon 0.05 0.82 0.451 0.06 141 0.246
Year(Preop-OP) X Station 0.07 1.85 0.008 . . .
Emor 0.0 0.04

(continued)

Seabrook Station ANOVA Model



Table 3. (Conunued)

Source of —Proposed Model \musd) __cmmmmm_

Yanagon MS Evalue P E-value

Trawls - Winter flounder
Preop-Op 0.38 0.53 0519 0.38 9.77 0.002
Y ear(Preop-Op) 0.26 1.54 0.113 0.26 6.59 0.001
Monuh(Y ear) 0.09 293 0.001 0.09 2.34 0.001
Stauon 0.59 091 0.529 040 10.14 0.001
Preop-Op X Staton 0.58 5.24 0.011 0.56 14.32 0.001
Y ear(Preop-OP) X Sauon 0.11 347 0.001 . . g
Error 0.03 0.04

Preop-Op 176.35 5.80
Y car(Preop-Op) 58.27 0.35
Mont(Y ear) 179.32 422
auon 1160.06 tA |
Preop-Op X Station 336 010
Year(Preop-OP) X Stauon 34 87 .0
Emor 4248 N

Macrofauna - Mytilidae density - Mid-depth (B19, 831)

Preop-Op 246 0.35
Y ear(Preop-Op) 542 2.34
Month('Y ear) LY - 3157
Stauon 814 295
Preop-Op X Swauon 2.64 1.68
Y ear(Preop-OP) X Stauon 148 442
Eme 033

Macroalgae - Choadrus crispus biomass - Shaliow subudal (B17, B35)

0.180
0973
0.001
0.461
0.762
0.597

0.578
0.033
0901
0.364
0219
0.001

163.46
58.35
179.32
1129.64
2.81

4226

246
5.42
.19
7.06
3.03

0.38

187
1.38
424
26.73
0.07

6.55
1442
LR Y
18.79
8.05

0.050
0.167
0.001
0.001
0.797

0.011
0.001
0.001
0.001
0.005

Seabrook Station ANOVA Model
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; 1 N Ol'th North Atlantic Energy Service Corporation
& . PO. Box 300
q/]/ﬂ@ Atlantic Seabrook, NH 03874
(603) 474-9521
The Northeast Utilities System
NYE- 95006
March 17, 1995

Mr. Edward K. McSweeney
Wastewater Management Branch
U.S. Environmental Protection Agency

John F. Kennedy Building
Boston, MA 02203

Subject: Salinity Monitoring at Seabrook Station
Dear Mr. McSweeney:

During the March 9, 1995 meeting between Mr. Gerald Potamis, et al and representatives of North
Atlantic Energy Service Corporation (North Atlantic), the operator of Seabrook Station, several aspects
of the environmental studies program at Seabrook Station were discussea. One aspect of the program
discussed at the meeting was the requirement to take salinity and temperature measurements at plankton
monitcring stations P2, PS5, and P7 (Figure 1) during each of the four monthly monitoring trips.
Historically, only near-surface and near-bottom salinity data have been reported in the Annual Seabrook
Station Environmental Studies Reports submitted to the regulatory agencies. In addition, while salinity
and temperature profile measurements have been made at 2 meters increments below the surface these data
have not been included in the annual reports, nor were required to be.

During the March 9, 1995 meeting, North Atiantic indicated that its biological contractor,
Normandeau Associates, inc. (NAI) had identified problems with its field salinity meter and that recent
salinity profile data would, therefore, not be comparable to historic data. Salinity samples taken in the
field are currently analyzed in the laboratory for increased reliability over field measurements. North
Atlantic stated that only near-surface and near-bottom salinity data would be collected and reported (as
this was historically the only data that had been reported) and that salinity profile data collection would
be discontinued. North Atlantic explained that NAI will continue to report temperature profile data. The
Wofmiskubwmmhmd«mdmgnmumdbytthPAntheMmh9. 1995
meeting.

Should you have any questions or require additional information, please contact Mr. Ron Sher,
Senior Scientist at (603) 474-9521 extension 2729.

Very truly yours,

x "3 'L;'A‘{M
R. Jcb&l.o&h

Director - Special Projects

RJD:RAS/act
Attachment



U.S. Environmental Protection Agency
Attention: Mr. Edward K. McSweeney

ce: Dr. John Tietjen
134 Palisade Avenue
Leonia, NJ 07605

Dr. W. Huntting Howell
12 James Farm
Lee, NH (3824

Dr. Beard J. McAlice
Darling Marine Center
University of Maine
Clarks Cove Road
Walpole, ME 04573

Mr. Jeffrey Andrews

Supervisor, Industrial Permits Section

Dept. of Environmental Services

Water Supply & Pollution Control Division

6 Hazen Drive
Concord, NH 03202

Mr. Robert Estabrook
Dept. of Environmenta! Services

Water Supply & Pollution Control Division

6 Hazen Drive
Concord, NH 03302

Dr. Edward Schiaidt
Dept. of Environmental Services

Water Supply & Pollution Control Division

6 Hazen Drive
Concord, NH 03302

Mr. John Nelson

NH Fish and Game Department
37 Concord Road

Durham, NH 03824

March 17, 1995
Page two

Dr. Saul Saila
317 Switch Road
Hope Valley, RI 02832

Dr. Robert Wilce
Department of Biology

221 Morrill Science Center
University of Massachusetts
Amherst, MA 01003

Mr. Ted C. Feigenbaum
Senior Vice President and
Chief Nuclear Officer
P.O. Box 300

Seabrook, NH 03874

Mr. Nicholas Prodany

Permit Compliance Section
Eavironmental Protection Agency
John F. Kennedy Building
Boston, MA 02203

Mr. Eric Nelson

National Marine Fisheries Service
Northeast Region

One Blackbum Drive

Gloucester, MA 01930

Mr. Jack Paar

Environmental Protection Agency
60 Westview Street

Lexington, MA 02173

Ms. Marcia Bowen
Normandeau Associates, Inc.
38 Lafayette Street

P.O. Box 202

Yarmouth, ME 04096



North Atlantic
March 17, 1995

ATTACHMENT TO NYE-95006

FIGURE | - WATER QUALITY SAMPLING STATIONS



Figure 1  Water Quality Sampling Stations
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~ North Atlantic Energy Service Corporation
North P.O. Box 300

Atlantic Seabrook, NH 03874
: (603) 474.9521
The Northeast Utilities System
NYE-95011
May 18, 1995

Mr. Edward K. McSweeney, Chief

Wastewater Management Branch

United States Environmental Protection Agency
J. F. Kennedy Federal Building

Boston, MA 02203

References:  (a) Seabrook Station NPDES Permit No. NH0020338

(b) EPA Letter dated May 17, 1993, "Proposed 1993 Biological Monitoring Prog. am
Seabrock Station, NPDES Permit NH0020338," E. K. McSweeney to R. J.
Del.oach

(c) North Atlantic Letter NYE-94019 dated October 27, 1994, "Technical Review
Papers”, R. J. DeLoach to E. K. McSweeney

Subject: Sampling of the Browns River and the Hampton Harbor Estuary
Dear Mr. McSweeney:

North Atlantic Energy Service Corporation (North Atlantic) diverted the flow from the Settling
Basin (Outfall 002) to the Circulating Water System (Outfall 001) on April 13, 1994 in accordance with
the provisions of the revised Seabrook Station NPDES Permit [Reference (a)]. North Atlantic has
continued to perform temperature and salinity monitoring of the Browns River and estuarine benthos
monitoring of the Hampton Harbor Estuary in accordance with the guidance provided in your May 17,
1993 letter [Reference (b)). A summary of the monitoring program results through 1993 was described
in a Technical Review Paper entitled "Evaluation of Seabrook Station Estuarine Benthos Program,”
submitted on October 27, 1994 [Reference (c)).

North Atlantic has reviewed the preliminary results of this monitoring program, through April
1995, with our snvironmental monitoring contractor, Normandeau Associates Inc., with the conclusion that
the cessation of discharges from the Settling Basin to the Browns River has not had an adverse affect upon
the environment of the Browns River or the Hampton Harbor Estuary.

A final report of the monitoring program will be submitted to you in the near future. In a recent
telephone conversation, North Atlantic’s Regulatory Compliance Manager, Mr. James Peschel, discussed
these plans with Mr. Nicholas Prodany (EPA). Therefore, in accordance with guidance provided in your
May 17, 1993 letter, North Atlantic has discontinued monitoring of the Browns River and the Hampton

Harbor Estuary.



US Environmental Protection Agency May 18, 1995
Attention: Mr. Edward K. McSweeney Page two

Should you have any questions regarding this matter please contact Mr. James M. Peschel,
Regulatory Compliance Manager, at (603) 474-95221, extension 3772.

Very yours,
\ﬂc/ e
Bruce L. idge

Executive Director
Nuclear Production

BLD/JMP:sm



US Environmental Protection Agency
Attention: Mr. Edward K. McSweeney

Dr. John Tietjen
134 Palisade Avenue
Leonia, NJ 07605

Dr. W. Huntting Howell
12 James Farm
Lee, NH 03824

Dr. Bernard J. McAlice
Darling Marine Center
University of Maine
Clarks Cove Road
Walpole, ME 04573

Mr. Jeffrey Andrews

Supervisor, Industrial Permits Section
Dept. of Environmental Services

Water Supply & Pollution Control Division
6 Hazen Drive

Concord, NH 03302

Mr. Robert Estabrook

Dept. of Environmental Services

Water Supply & Pollution Control Division
6 Hazen Drive

Concord, NH 03302

Dr. Edward Schmidt

Dept. of Environmental Services

Water Supply & Pollution Control Division
6 Hazen Drive

Concord, NH 03302

Mr. john Nelson

NH Fish and Game Department
37 Concord Road

Durham, NH 03824

May 18, 1995
Page three

Dr. Saul Saila
317 Switch Road
Hope Valley, RI 02832

Dr. Robert Wilce
Department of Biol gy

221 Morrill Science Center
University of Massachusetts
Amherst, MA 01003

Mr. Ted C. Feigenbaum

Senior Vice President and

Chief Nuclear Officer

North Atlantic Energy Service Corporation
P.O. Box 300

Seabrook, NH 03874

Mr. Nicholas Prodany

Permit Compliance Section
Environmental Protection Agency
John F. Kennedy Building
Boston, MA 02203

Mr. Eric Nelson

National Marine Fisheries Service
Northeast Region

One Blackburn Drive

Gloucester, MA 01930

Mr. Jack Paar

Environmental Protection Agency
60 Westview Street

Lexington, MA 02173

Ms. Marcia Bowen
Normandeau Associates, Inc.
38 Lafayette Street

P.O. Box 202

Yarmouth, ME 04096
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N
3 _ North Adantic Energy Service Corporation
g - North PO. Box 300

%//m\\\ Atlantic Seabrock, NH 0374

The Northeast Utilities System

7

NYE- 95017

August |, 1995

Mr. Edward K. McSweeney, Chief
Wastewater Management Branch

US Environmental Protection Agency
John F. Kennedy Building

Boston, MA 02203

References: (a) Seabrook Station NPDES permit No. NH0020338

(b) North Atlantic letter NYE-94019, dated October 27, 1994, "Technical Review
Papers”, R. J. DeLoach to E. K. McSweeney

(c) North Atlantic letter NYE-95011, dated May 18, 1995, "Sampling of the Browns
River and the Hampton Harbor Estuary,” B. L. Drawbridge to E. K. McSweeney

(d) EPA Letter dated May 17, 1993, “Proposed 1993 Biological Monitoring Program
Seabrook Station, NPDES Permit NH0020338,” E. K. McSweeney to R. J.
DeLoach

(e) North Atlantic letter NYE-95009, dated May 5, 1995, "Impingement Monitoring
at Seabrook Station,” B. L. Drawbridge (North Atlantic) to E. K. McSweeney

() North Atlantic Letter NYE-94023, dated December 9, 1994, “Mud Shrimp
Impingement,” R. J. Deloach to E. K. McSweeney

Subject: Seabrook Station 1995 Environmental Studies Program Semi-Annual Report

Dear Mr. McSweeney:

North Atlantic Energy Service Corporation (North Atlantic) provides herein the 1995 Seabrook
Station Environmental Studies Program Semi-Annual Report as required by Part | A.11.e. of the NPDES
Permit. This report addresses Seabrook Station’s 1995 Environmental Studies Program activities to date,
changes observed during the monitoring activities and significant findings from the 1994 program
implementation that will be included in the 1994 annual report.

The 1994 Biological, Hydrological, and Chlorine Minimization Programs results to date were
discussed at the annual Technical Advisory Committee (TAC) Meeting held on November 10, 1994. The
1994 Environmental Studies Program Report is currently being developed and will be submirtted later this
vear.



US Environmental Protection Agency August 1, 1995
Attention: Mr. Edward K. McSweeney Page two

Detailed information regarding the 1994 Environmental Studies Program as well as the other topics
summarized above will be discussed at the annual Technical Advisory Committee meeting to be scheduled
this fall. North Atlantic believes that after nearly five years o commercial operation, the Environmental
Studies Program continues to demonstrate that Seabrook Station has not had a deieterious impact on the
balanced indigenous populations in the coastal waters of New Hampshire.

Should you have any questions or require additional information, please do not hesitate to contact
Mr. 'ames Peschel, Regulatory Compliance Manager at (603) 474-9521, extensi

Vv

% “
Bruce L. 1
Executive Di

Nuclear Production

BLD:RAS/act

Attachment




US Environmental Protection Agency
Attention: Mr. Edward K. McSweeney

oc: Mr. Jeffrey Andrews
Supervisor, Industrial Permits Section
Dept. of Environmental Services
Water Supply & Pollution Control Division
6 Hazen Drive
Concord, NH 03302

Mr. Robert Estabrook

Dept. of Environmental Services

Water Supply & Pollution Control Division
6 Hazen Drive

Concord, NH 03302

Mr. John Nelson

NH Fish and Game Department
37 Concord Road

Durham, NH 03824

Concord, NH 03302

Dr. Edward Schmidt

Dept. of Environmental Services

Water Supply & Pollution Control Division
6 Hazen Drive

Concord, NH 03302

Mr. Jack Parr

Environmental Protection Agency
60 Westview Street

Lexington, MA 02173

Seabrook Station Ecological Advisory Committee:

Dr. John Tietjen
134 Palisade Avenue
Leonia, NJ 07605

Dr. Bernard J. McAlice
Darling Marine Center
University of Maine
Clarks Cove Road
Walpole, ME 04573

Dr. W. Huntting Howell
12 James Farm
Lee, NH 03824

August 1, 1995
Page thrre

Mr. Nicholas Prodany

Permit Compliance Section
Environmental Protection Agency
John F. Kennedy Building
Boston, MA 02203

Mr. Eric Nelson

National Marine Fisheries Service
Northeast Region

One Blackbum Drive

Gloucester, MA 01930

Ms. Marcia Bowen
Normandeau Associates, inc.
38 Lafayette Street

P.O. Box 202

Yarmouth, ME 04096

Mr. Ted C. Feigenbaum

Senior Vice President and

Chief Nuclear Officer

North Atlantic Energy Service Corporation
P.O. Box 300

Seabrook, NH 03874

Dr. Saul Saila
317 Switch Road
Hope Valley, RI 02832

Dr. Robert Wilce
Department of Biology

221 Mormill Science Center
University of Massachusetts
Ambherst, MA 01003
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ENCLOSURE TO NYE-95017

SEABROOK STATION 1995 ENVIRONMENTAL STUDI':S MID-YEAR REPCORT



BIOLOGICAL MONITORING PROGRAM

The preliminary review of the results of the 1995 Environmental Studies Program to date has not
identified any significant changes or results when compared to the final results from previous years.

During the November 10, 1994 Technical Advisory Committee meeting, North Atlantic proposed
four modifications to the Environmental Studies Program. North Atlantic subsequently submitted the
proposed changes in the form of four Technical Review Papers [Reference (b)) on October 27, 1994. The
proposed program modifications were:

l. Elimination of the marine intertidal destructive sampling program at the Outer Sunk
Rocks (indicator station) and the Rye Ledge (control station).

2. Reduction of macrozooplankton data collection from three samples to one sample per
sampling date at each station.

3. Analysis of the before-after/impact-control data using a mixed-effects ANOVA model
instead of the fixed-effects ANOVA model.

4 Elimination of the estuarine benthos monitoring and the Browns River and Hampton
Harbor temperature and salinity monitoring programs.

In a May 18, 1995 letter, [Reference (c)] North Atlantic notified the EPA that monitoring of the
Browns River and Hampton Harbor Estuary had been discontinued as previously authorized [Referenze
(d)] and that a preliminary review of the Estuarine Benthos Monitoring Program, had shown that since
the cessation of discharges to the Browns River on April 13, 1994, there had been no adverse affects on
the environment in this area. In addition, North Atlantic committed to provide a final report 01 this
monitoring program in the near future. The final report, “Estuarine Studies,” supports the preliminary
evaluation and is enciosed as Attachment 1.

In late 1994, North Atiantic identified deficiencies in the manner in which the on-site fish
impingement portion of the Piological Monitoring Program was being implemented. At the November
10, 1994 Technical Advisory Committee Meeting and in subsequent meetings with TAC members, North
Atlantic explained that an accurate count of small fish impinged at Seabrook Station during the first four
years of operation had not been obtained because not all small fish, typically less than 15 cm. in length,
were separated from the sea weed. The impingement monitoring portion of the Biological Monitoring
Program was enhanced in the fourth quarter of 1994 to separate fish from seaweed and beginning in 1995
biologists began to conduct the weekly impingement evaluation.

On May 18, 1995, North Atlantic provided 1995 impingement monitoring data through May 2,
1995 [Reference (e)]. During the first 18 weeks of 1995, approximately 9,800 fish were impinged with
the majority smaller than 15 cm. in lengtli. Since that time (May 2, 1995 to July 17, 199), approximately
700 fish were impinged with the majority again smaller than 15 cm. North 7 tlar uc believes that the
significant difference between the number of fish impinged in the winter monihs as opposed to the
spring/summer months, can be attributed to rough winter seas which disturb the water column resulting
in the disorientation and movement of fish off the bottom. Historically, a greater number of fish have
been impinged during the fourth quarter when the seas are stormy. As an example, North Atlantic
previously reported [Reference (f)] that on December 1, 1994 approximately 300 mud shrimp (Axius
serratus) were identified in the screen wash. North Atlantic, believes that a November 27 - 28, 1994
storm event produced heavy seas which removed the shrimp from their bottom habitat. The impingement
of these shrimp was identified through the implementation of the enhanced impingement evaluation



process as discussed above. An evaluation of the impingement results for 1995 will be included in the
1995 Annual Environmental Studies Report.

Seabrook Station’s Third Refueling Outage took place between April 9, 1994 and July 31, 1994
Consistent with previous outages, ichthyoplankton and bivalve larvae entrainment samples were not taken
during the outage when there is insufficient circulating water flow to operate the entrainment sampling
equipment. The entrainment equipment refurbishment was not completed during the outage as originally
scheduled and as a result the on-site entrainment sampling was not resumed until mid September when
the entrainment sampling system was returned to service. However, when ichthyoplankton sampling was
resumed bivalve larvae sampling was not resumed and there were no bivalve larvae samples taken in 1994
during the April to October sampling period. North Atlantic has addressed the on-site entrainment
sampling deficiencies by reassigning the responsibility for entrainment sampling to the Regulatory
Compliance Department, the organization that performs the enhanced fish impingement analysis and that
provides oversight of the off-site environmental monitoring. North Aulantic believes that this consolidation
of environmental monitoring and oversight responsibility will ensure effective entrainment sampling and
monitoring.

HYDROLOGICAL MONITORING AND CHLORINE MINIMIZATION PROGRAMS

The Hydrological Monitoring Program and the Chlorine Minimization Program have not been
revised since the last Semi-Annual. Continued compliance with the NPDES Permit Compliance has been
demonstrated to-date. On January 24, 1995 chlorination of the Circulating Water System was discontinued
pursuant to the Chlorine Minimization Program as limited biofouling was occurring during this period of
cold water temperatures. On March 2. 1995 chlorination of the Circulating Water System resumed due
the presence of biofouling organisms in the system.
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SUMMARY

Since 1978, the species composition and abundance of dominant taxa of the
benthic macrofaunal communities in the Hampton-Seabrook estuary have been characterized to
identify spatial and temporal patterns in community structure and to assess whether observed
changes could be attributed to construction and operation of the Seabrook Station. The
discharge of effluent from the plant’s sewage treatment plant and settling basin into the
Browns River had the potential to be a measurable impact on estuarine benthic communities.
The sewage treatment plant effluent discharged into the settling basin, which collected
rainwater from the plant site as well. The combined flows from these two facilities subse-
quently discharged to the Browns River. In April 1994, the sewage treatment plant and
settling basin effluents were diverted offshore via the cooling water discharge tunnel. As in
other temperate estuaries, spatial and temporal patterns of abundance, numbers of species and
dominant taxa in intertidal and subtidal communities were largely controlied by the physical
environment, and the most numerous species were those that tolerated fluctuating water
temperature and salinity and changing sedimentary conditions. Macrofaunal species composi-
tion in Browns River nearby the outfall during 1994 was similar to that in Mill Creek, a
control site located away from the influence of the settling basin discharge. The dominant
taxa collected at both sites included the polychaetes Strebiospic benedicti, Capitella capitata,
and Hediste diversicolor and oligochaetes; all these organisms are classified as opportunists
and have also predominated in previous study years. In general, total density, mean number of
taxa and density of dominant taxa during 1994 were within the ranges reported since 1978 in
the Seabrook study area, suggesting that the absence of the settling basin effluent has not
adversely impacted the indigenous benthic community. The total macrofaunal density at the
intertidal station in the Browns River in 1994 was the highest recorded during the study period
and densities of both Streblospio benedicti and Hediste diversicolor increased relative to 1993.
Densities of H. diversicolor and S. benedicti in 1994 were within the range of previous years.
Results of ANOVA tests did not show 1994 to be significantly different from previous years at
any station for any variable.
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ESTUARINE STUDIES

1.0 INTRODUCTION

Environmental studies conducted in the Hampton-Seabrook estuary since 1978 have
included monitoring of physical parameters (temperature and salinity), fish populations, benthic
macrofauna, and juvenile and adult soft-shelled clams (Mya arenaria). Long-term data are needed
to distinguish impacts of human activities on marine environments from the inherent variability
of estuarine systems (Holland 1985; Nichols 1985; Holland et al. 1987, Warwick 1988; Rees and
Eleftheriou 1989). Impact assessments, in general, are often difficult because of our lack of
understanding of how physical and biological factors control the structure and function of benthic
communities (Diaz and Schaffner 1990). To aid in our understanding, a time series of data have
been collected since 1978 at sites potentially affected by Seabrook Station (nearfield), and at sites
in the estuary beyond power plant influence (farfield).

The discharge of effluent from the power plant’s sewage treatment plant and settling
basin into the Browns River had the potential to be a measurable impact on the estuarine benthic
communities in the Pampton-Seabrook estuary. The sewage treatment plant effluent discharged
into the settling basin, which collected rainwater from the plant site as well. The combined flows
from these two facilities subsequently discharged to the Browns River. During the construction
of the Seabrook intake and discharge tunneis (1979-1983), the outfall became more saline due to
dewatering of the tunnels, and volume of the discharge increased greatly. The effluent also
contained higher than average levels of organic material, nutrients (nitrate, nitrite, and phosphate)
and suspended solids, which consisted mainly of granite rock flour from tunnel drilling (NAI
1980a, 1981). Bioassays using ndiluted effluent from the settling basin indicated that such
effluent adversely affected sand shrimp (Crangon septemspinosa), but not soft-shelled clams (Mya
arenaria; NAI 1979, 1980b). Once the tunnels were completed in 1983, the volume of water
discharged from the settling basin diminished and has had no saline component. In April 1994
the discharge was diverted to the open ocean via the cooling water discharge tunnel.

The objectives of the estuarine benthos studies are to characterize the abundance and
species composition of macrofaunal communities in the Hampton Harbor estuary, to identify



spatial and temporal parterns in community structure and abundance, and to assess whether
observed changes are related to the construction and operation of Seabrook Station. One of the
main environmental issues in the Hampton-Seabrook estuary related to plant operation was
whether the offshore intake and discharge could impact the adult soft-shell clam population in
Hampton Harbor. The specific impact from entrainment of Mya larvae is discussed in the 1994
Seabrook Operational Report. Fstuarine monitoring efforts in 1994 were primarily directed to
identify potential effects from the removal of settling basin discharge.

2.0 METHODS

2.1 FIELD AND LABORATORY

Surface temperature (°C) and salinity (ppt) were measured weekly during slack water
at high and low tide at the Browns River Station (BR) from May 1979 through May 1995 and
Hampton Harbor Station from May 1979 through December 1994 (HH; Figure 1). Precipitation
was recorded continuously at the Seabrook Station meteorological tower from 1980-1994
(excluding 1984-1986).

Beuthic macrofaunal sampling stations were located at Browns River (nearfield), just
downstream from the settling basin outfall and Mill Creek (farfield), a tidal creek located southeast
of the outfall (Figure 1). Macrofaunal samples have been collected in subtidal (Browns River
Station 3, Mill Creek Station 9) and intertidal areas at mean low water (Browns River Station
IMLW, Mill Creek 9MLW) in May, August, and November since 1978 (excluding 1985, when
sampling was suspended). SCUBA divers collected five samples (25 em? x 10.2 cm deep) using
an airlift system fitted with a 0.79 mm mesh bag. In the laboratory, all samples were washed
through a 1.0 mm mesh sieve, preserved in 6% buffered formalin and sorted under dissecting
microscopes. All non-colonial organisms were identified to the lowest possible taxon and counted
(NAI 1990).
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22 ANALYTICAL METHODS

Weekly measurements of surface water salinity and temperature were averaged by
month, and patterns of monthly and annual means were examined. Annual mean densities
(No./mz) of the total number of individuals and of dominant macrofaunal taxa were computed by
averaging the log; o (x+1) transformec seasonal densities. The number of taxa in each season was
computed by pooling all five samples collected by the divers; the three seasonal values (May,
August, November) were averaged to calculate the annual mean. A one-way ANOVA was used
to test for differences among years in total macrofaunal density, number of taxa, and density of
individual dominant taxa. Significant differences (a < 0.05) between years were evaluated using
the Waller-Duncan k-ratio t-test (SAS Institute Inc. 1988).

3.0 RESULTS AND DISCUSSION

31 PHYSICAL ENVIRONMENT

Salinity, Temperature, and Precipitation

Monthly averages of surface water salinity and temperature at high and low slack tides
in Browns River and Hampton Harbor were used to examine seasonal and annual patterns of these
parameters in the Hampton-Seabrook estuary. Monthly and annual patterns of precipitation were
investigated using rainfall data collected at the Seabrook Station meteorological tower. The mean
monthly salinity at low tide in Browns River during 1994 ranged from 7.7 ppt in March to 29.6
ppt in July. During the first five months of 1995, salinity was similar to 1994, except for
February when salinity was higher. The patterns observed in 1994 and 1995 were similar to 'ong-
term averages, where monthly salinities were consistently lowest in spring and highest in summer
(Figure 2, Appendix Table 2). In Browns River, the long-term average salinity was lowest in
April and November. Mean monthly precipitation at Seabrook Station during 1994 was highest
in September (6.4 inches) and March (6.1 inches) (Figure 2). Concurrently, the monthly salinity
values in March were below average in both Browns River and Hampton Harbor. However, in
September the salinity values were average or above average at both stations, in spite of the high



precipitation. In October 1994, when precipitation was well below average, salinity values ».
above average in both Browns River and Hampton Harbor. Total annual precipitation during 1994
was 42.2 inches, which was within the range of annual precipitation values reported since 1980
(28.7 t0 46.3 in).

Salinities at both Browns River and Hampton Harbor were consistently lower at low
tide than at high tide. During 1994, the mean salinities were 20.6 ppt and 27.8 ppt during low
tide, and 28.7 ppt and 30.9 ppt during high tide at Browns River and Hampton Harbor,
respectively (Table 1). At each site in 1994, the annual average salinities during both tidal stages
were within the ranges of values reported since 1980. Relatively high salinities observed from
1980-1982 were attributed to a combination of dry years and dewatering of the intake and
discharge tunnels during Seabrook Station construction, whereas the relatively high values in 1993
(particularly at low tide) were attributed to the unusually dry summer. The 1994 annual mean low
tide salinity in Browns River and the low and high tide salinities in Hampton Harbor were within
the approximate 95% CL of the mean for the |5-year time series.

Mean monthly temperatures at Browns River at low tide during 1994 were not
recorded from January through March, but reached 24.3°C in July. During the first five months
of 1995, water temperature at low tide at Browns River ranged from 2.8°C in February to 10.0
°C in May. The temperature at Hampton Harbor in 1994 ranged from 0.6°C in January to 20.1°C
in August (Figure 7). In contrast to salinity, water temperatures were higher at low tide compared
to high tide. Annual mean temperatures during 1994 were 9 8°C during low tide, and 9.1°C
during high tide at Hampton Harbor (Table 1). At both sites during 1994 and 1995, the pattern
of monthly mean water temperatures at high and low tides were similar to the historical monthly

means, but a few individual months were outside of the 95% confidence limits.

When the two sites were compared, the ranges of water temperatures and salinities
were consistently larger at Browns River than at Hampton Harbor during low tide. Over all years,
water temperature averaged 11.4°C during low tide at Browns River, and 10.0°C at Hampton
Harbor (Table 9-1). Conversely, the overall salinity at Browns River during low tide (21.3 ppt)
was considerably lower than at Hampton Harbor (27.6 ppt; Table 9-1). Both patterns resulted
from the relative position of the sampling stations in the estuary, i.e., Browns River is located



farther up the estuary, and more influenced by freshwater runoff, while Hampton Harbor is nearer
the mouth of the estuary, and more influenced by mixing with water from Gulf of Maine.

32 MACROFAUNA

The general macrobenthic community structure at both nearfield (Browns River 3 and
IMLW) and farfield (Mill Creek 9 and 9ML W) stations in the vicinity of Seabrook Station were
typical for East Coast estuarine areas with fine-grained sediments (Watling 1975; McCall 1977,
Whitlatch 1977: Santos and Simon 1980; Whitlatch and Zajac 1985). Sediments at subtidal
stations were generally fine sand with organic carbon ranging from 1.0 to 2.7%; at intertidal
stations the sediments usually varied between fine sand and silt with organic carbon ranging from
|6 to 5.9% (NAI 1985). Wide temporal and spatial fluctuations were observed in the total
density of macrofauna inhabiting the soft-bottom habitats of the Hampton-Seabrook estuary.
Species abundance and dominance in the estuary are generally controlled by the physical
environment, and the most numerous species are those that tolerate fluctuating water temperature
and salinity and a changing sedimentary environment (Flint 1985; Diaz and Schaffner 1990).

Tota! mean macrofaunal density averaged 4,961 individuals/m? at all sites combined
during 1994, and was within the range of densities reported since 1978 (995-8,424/m2; Table 2).
More organisms were collected during 1994 at the intertidal stations (nearfield: 8,452/m”; farfield:
5,281/m?2) than were collected at subtidal stations (nearfield: 4,931/m?; farfield: 2,760/m?, Table
2). At the nearfield Browns River intertidal station, total density was the highest ever recorded
(8,452/m2). continuing the trend of above average abundances that began in 1991 (Table 2). The
1982 density at the Browns River intertidal station was similar (8.022/m2) to that observed in
1994,

Significant differences in mean density among years were observed only at the
nearfield Browns River subtidal and intertidal stations, and the farfield Mill Creek intertidal station
(Table 3). Mean density in 1994 at the nearfield stations and the farfield intertidal station was
above average and similar to years with higher-than-average density.



Mean number of taxa collected at subtidal sites during 1994 was higher at the
nearfield station (n=40) than at the farfield (n=24); mean number of taxa collected at the
corresponding intertidal sites (3MLW and 9MLW) averaged 30 and 33, respectively (Table 2).
Mean numbers of taxa at all sites during 1994 were within the range for the 16-year time series
(Table 2). Results of ANOVAs indicated significant variation in the annual mean number of taxa
collected at all sites except nearfield subtidal (Table 3). Number of taxa was among the highest
observed at the intertidal stations and similar to years with intermediate and low numbers of taxa
at the farfield subtidal station. Annual values for mean number of taxa followed a pattern similar
to that observed for total density. Mean numbers of taxa were highest during 1980-1982, when
salinity and settling basin discharge were also highest.

Streblospio benedicti, a small deposit-feeding polychaete, is widespread on the western
and eastern coasts of North America and in Europe. Characterized as an opportunist (Grassle and
Grassle 1974), S. benedicti is able to rapidly colonize perturbed estuarine environments, and high
+ undance of this species has also been suggested as an indicator of organic enrichment (Wass
19€7). This polychaete was the most abundant species in the Hampton-Seabrook estuary and
acc ounted for 7% of the total faunal density at subtidal and 16% at intertidal stations over the 16-
year study period. During 1994, densities of S. benedicti were substantially higher at the neartield
Browns River stations (135/m? and 2,235/m? at subtidal and intertidal areas, respectively) than
at the farfield Mill Creek stations (12/m® and 43/m?, respectively; Table 2). High abundance of
S. benedicti at the nearfield intertidal station in 1994, a trend that began in 1991, contributed to
the higher than average total density. S. benedicti density at each station during 1994 was within
the range for the time series at all stations except the farfield subtidal station, where the density
(lZ/mz) was the lowest recorded (Table 2). Despite this historic low, density of S. benedicti in
1994 was not significantly different from other years with low density (Table 3). Because of the
high population fluctuations of S. benedicti, particularly at farfield intertidal (e.g., 3,215/m? in
1983 to 1 1/m? in 1987), significant annual differences were observed at both nearfield and farfield
intertidal sites, and at the farfield subtidal site. By contrast, annual variation in S. benedicti
abundance was not significant at the nearfield subtidal site (Table 3).

Oligochaetes are small deposit feeding annelids that can be very abundant in
organically enriched shallow-water marine habitats, feeding on microbes that colonize organic



detritus (Soulsby et al. 1982; Hull 1987). As the amount of detrital material varies both spatially
and temporally, oligochaete abundance can exhibit rapid and large fluctuations (Giere 1975; Price
and Hylleberg 1982). Oligochaetes were the second most abundant taxon collected, comprising
on average | 1% of the total number of individuals collected at both intertidal and subtidal stations.
Densities of oligochaetes during 1994 at nearfield Browns River subtidal (361/m?) and intertidal
(546/m?) sites were within the range of previous study years (Table 2). At the farfield subtidal
site, however, oligochaete density during 1994 was 114/m?, within the range of previous years
but considerably lower than the 1,407 individuals/m2 collected intertidally (9MLW). Significant
annual differences in oligochaete density were observed only at the Mill Creek farfieid site over
the 16-year study period, with 1978 and 1979 having significantly lower densities that the other
years (Table 3). Density of oligochaetes in 1994 at the farfield subtidal station was not
significantly different from other years of intermediate density (Table 3). No significant annual
differences in oligochaete densities then observed at either nearfield site, or at the intertidal
farfield site.

The polychaete genus Capitella occurs worldwide (Hartman 1969; Wade 1972) and,
as an opportunist, is a good indicator of a wide variety of environmental stresses (Wass 1967).
C capitata, a sedentary tube-dwelling deposit-feeding polychaete, is commonly found in oxygen-
depleted estuaries and harbors where sedimentation rates are high (Reish 1967). C. capitata was
also present in high numbers at Seabrook estuarine study sites. During 1994, C. capitata densities
at the farfield and nearfield subtidal sites were 140 and 780/m?, respectively, within the range of
the 16-year time series (Table 2). Differences among annual densities of C. capitata were
significant at all stations except the farfield Mill Creek intertidal site (OMLW; Table 3). Density
of C. copitata in 1994 at the nearfield Browns River subtidal and intertidal stations, and the
farfield (Mill Creek) subtidal station was ranked with the years of highest abundance.

The clam worm Hediste (formerly Nereis) diversicolor inhabits near-shore marine
sediments from the North Atlantic and North Sea to the Mediterranean (Gosner 1971). This
relatively large polychaete has often been identified as an "indicator of organic pollution” because
of its high abundance in nutrient rich areas (Hull 1987). H diversicolor is a common member
of the macrfaunal community in Hampton-Seabrook estuary, with densities during these studies
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averaging over 100/m*“. During 1994, mean densities of H. diversicolor at the nearfield Browns



River subtidal and intertidal sites were 118 and 1,934/m?, respectively, and were considerably
higher than the densities at the farfield Mill Creek sites (76/m? and 29/m?; Table 2). With the
exception of the nearfield intertidal station, the 1994 densities of H. diversicolor at all stations
were within the range of previous study years (Table 2). The 1994 density was the highest
recorded at the nearSield Browns River intertidal site contributing to a high total density.
Densities of H._ diversicolor have been higher than average since 1991 at this station. Significant
differences among years occurred at all stations except nearfield intertidal 3GMLW), where H
diversicolor was consistently most abundant (ANOVA results; Table 3). In 1794, densities of H.
diversicolor at the nearfield and farfield subtidal stations were among the years of highest density.
At the farfield intertidal station, density in 1994 was among the years of intermediate density.

The soft-shelled clam Mya arenaria is harvested in great numbers from mud flats in
New England (Abbott 1974). In Hampton Harbor, M arenaria has important recreational value
since flats were reopened \o shelifishing in 1994. The predominant life stage of M arenaria
collected in estuarine samples were young-of-the-year (spat <5 mm) and juvenile clams (<12 mm).
Mean clam densities during 1994 at the nearfield subtidal (25/m?) and intertidal sites (51/m?) and
at farfield subtidal site (l7/m2) were lower than the farfield intertidal site (398/m2). Annual
densities of M arenaria were significantly different at only the farfield intertidal station (Table
3). Densities in 1994 at this station wers among the years of highest density.

The tube-dweiling pol; chaete Spio setosa is most common in sandy, shelly subtidal
areas where it feeds on suspended particles (Dauer et al. 1981). In the Hampton-Seabrook
estuary, S sefosa was more commen in subtidal collections, particularly at the nearfield Browns
River station, and uncommon in intertidal collections. During 1994, density of S. setosa at the
nearfield subtidal station was the highest recorded, while densities at the other stations were
intermediate (Table 2). No significant differences in S. serosa density occurred among years at
either of the intertidal stations; however, densities at both subtidal stations exhibited significant
annual variability, with 1994 ranking among the years with highest abundance (Table 3).

The polychaete Tharyx acutus {formerly Caulleriella sp. B), was occasionally
abundant in the Hampton-Seabrook estuary, and has exhibited wide density fluctuations from one
year to the next since 1980 at both nearfield and farfield sites (Table 2). Densities of 7. acurus



during 1994 were higher at the nearfield station (88/m* subtidal and 39/m? intertidal) than at the
farfield (8/m? subtidal and 30/m? intertidal; Table 2). Densities in 1994 were within the range
of previous years at all four stations, and variation among vears was significant at all stations
except for the farfield subtidal station, where the density was among the highest observed (Table
3).



4.0 CONCLUSIONS

4.1 PHYSICAL ENVIRONMENT

Physical factors such as temperature and salinity are important factors in controlling
the structure of soft-bottom communities in the Hampton-Seabrook estuary. The predictabie
seasonal cycles of temperature and salinity provide valuable information for interpreting changes
in macrofaunal abundance and community composition. Maximum temperatures usually occurred
in July or August, with minimum temperatures in January or February. Monthly temperatures in
Browns River from April through December 1994 and January through May 1995 fluctuated
around the monthly overall average. Salinity leveis had a less distinct seasonal cycle than did
temperatures, but were usually lowest in spring coincident with increased runoff, and highest in
summer due to decreased precipitation. Monthly salinities in Browns River were well above the
upper 95% CL in June, July and October 1994, when rainfall was below average. During a three
year period from 1980 to 1982, salinities in Browns River were among the highest observed in
this study (especially at low tide), and coincided with low precipitation and highest discharge
volume from the Seabrook Station settling basin. During this period, construction of intake and
discharge tunnels, and tunnel dewatering caused the salinity of the settling basin’s discharge water
to be relatively high. Since the decrease of discharge volumes in 1983, salinity levels in Browns
River have also decreased and remained at levels typical of estuarine environments. The diversion
of settling pond effluent from Browns River to the offshore discharge tunnel in April 1994 has
not caused a measurable increase in salinity for Browns River. Above-average salinity in Browns
River occurred only in June, July and October 1994, coincident with below-average precipitation
at Seabrook Station. A similar trend was observed at the farfield station in Hampton Harbor,
which indicates the salinity increase was not a localized effect due to diversion of the settling
basin effluent from Browns River to the oper, ocean via the cooling water discharge tunnel. With
the exception of February, the 1995 salinity values from Browns River was similar to the overall

monthly means.
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42 MACROFAUNA

The benthic macrofaunal community in the Hampton-Seabrook estuary was
representative of other communities reported throughout New England. Species composition in
nearfield Browns River (Stations 3 and 3MLW) and farfield Mill Creek (Stations 9 and 9MLW)
was similar to that described in other estuaries along the Atlantic Coast (Watling 1975; McCall
1977: Whitlatch 1977, Santos and Simon 1980, Whitlatch and Zajac 1985). As in most other
temperate areas, spatial and temporal patterns of abundance, numbers of species, and dominant
taxa comprising intertidal and subtidal communities were largely determined by physical
characteristics and sediment type (Rhoads et al. 1978; Flint 1985). The annelid worms such as
Streblospio benedicti, Capitella capitata. Hediste diversicolor, and oligochaetes have predominated
in the macrofaunal collections from 1978 through 1994. These organisms have been classified
as opportunists and are characterized by rapid development, several reproductions per year, and
high recruitment and mortality (Grassle and Grassle 1974; McCall 1977; Rhoads et al. 1978). As
a result of these life history strategies and the natural variability in physical and chemical
properties of this estuary, significant annual variation was observed in total macrofaunal density,
mean number of taxa, and density of most of the dominant organisms. Changes such as these are
typical of those in marine benthic communities following disturbance (Kaplan et al. 1974; Sanders
et al. 1980; Swartz et al. 1980; Nichols 1985; NUSCO 1987, 1993; Rerge 1990).

The number of taxa collected and macrofaunal densities were high from 1980 to 1982,
most likely due to a combination of low precipitation and high discharge rates from the settling
basin. Also during this period, the discharge contained higher than aversge levels of nutrients,
organic matter and suspended solids (NAI 1980a, 1981). The increased volume of discharge
water during 1980-1982 may have disturbed the established faunal community in Browns River,
which was rapidly colonized by opportunist species such as S. benedicti C capitata. H.
diversicolor, and oligochaetes. However, since changes in total density and density of dominants
occurred simultaneously at Browns River and Mill Creek, they were probably related to area-wide
changes in natural abiotic (precipitation, temperature, salinity) and/or biotic (predation,
competition) factors. Nevertheless, decreases in settling basin discharge volume and, as a result
salinity were followed by lower totai density and the lowest number of taxa in 1984. Macrofaunal
density increased by 1986 and then decreased again in 1987. These rapid changes were apparently
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related to high precipitation and low salinity (NAI 1988, 1992). The macrofaunal community
recovered within one to two years, and since then, total density and number of taxa have been less
variable (NAI 1993). Since 1990, macrofaunal densities at all four stations have generally

increased from year 1o year.

The estuarine benthic community in 1994 generally resembled that observed in-
previous years (Table 4). Number of taxa, total density, and abundance of dominants were within
the range of previous years, with a few exceptions. Total density at the nearfield Browns River
intertidal station in 1994 was the highest observed to date, caused by high numbers of polychaetes
Streblospio benedicti, and Hediste diversicolor. Higher than average abundances of these species
have been observed since 1991. and appeared unrelated to the cessation of Browns River

discharge.

The results of the estuarine benthos study show no measurable effects related to the
settling basin discharge, during or after construction of Seabrook Station. Similarly, no effects
of the operation of Seabrook Station have been observed in the estuarine macrofauna community.
Cessation of the Browns River discharge in April 1994 has had no adverse effect on the resident

macrofaunal community.
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TABLE I. ANNUAL MEAN WITH 95% CONFIDENCE INTERVAL FOR SALINITY (ppt)
AND TEMPERATURE (°C) TAKEN AT BOTH HIGH AND LOW SLACK TIDE
IN BROWNS RIVER AND HAMPTON HARBOR DURING 1980-1994.
SEABR *OK OPERATIONAL REPORT, 1994

SALINITY (ppt)

BROWNS RIVER HAMPTON HARBOR
LOW TIDE HIGH TIDE LOW TIDE HIGH TIDE
1980 251 £19 31016 299+ 14 32005
1981 255+ 16 300+ 1.7 289+ 1.1 315204
1982 28+18 00+12 273+ 15 31206
1983 194 + 3.6 280+ 19 255424 30.1 £ 09
1984 18.1 £33 284+ 18 258 +23 30209
1985 217 £21 306 £ 0.7 291210 322+03
1986 204 % 3.1 302409 277413 315+04
19874 206 £ 26 289+ 1.8 275422 307 +09
1988 205 +22 298107 278210 313404
1989 202 £25 300 £ 0.7 280+ 12 31407
1990* 195 +2.7 296+ 14 272+ 12 313206
1991 194+ 19 296+ 13 280+ 09 309 + 0.4
1997 219+ 1.5 296+ 0.8 272+ 16 294 %16
1993 236 +2.1 297 % 1.1 270+ 18 296 % 1.1
1994 206 + 50° 287+35 278+ 19 309 + 0.8
ALL® 213407 296 + 0.4 276+ 04 31002
TEMPERATURE
BROWNS RIVER HAMPTON HARBOR
LOW TIDE HIGH TIDE LOW TIDE HIGH TIDE
1980 109 +52 96+44 96+ 44 9.1+36
1981 106 ¢ 4.4 103 +46 10144 93+38
1982 107+45 99 +42 102+41 92435
1983 119 %50 11042 104 + 43 99 +34
1984 119+5.1 106 +39 104 + 4.1 94 +31
1985 113£50 10.1 + 4.4 10642 10.1 £33
1986 103 +48 96+ 4.0 100 +39 94 %30
1987 i15+5.1 9641 100 + 43 89+35
1988 106 % 5.1 103 + 40 97+39 92+33
1989 115+54 10.1 £39 102 + 44 92+33
1990* 12653 109 + 4.5 103 +43 97+36
1991 124 £ 5.0 117 4.1 111240 98 +3.1
1992 117252 1.1 £3.7 9.1+40 86+29
1993 121259 104 %38 95+44 87+35
1994 NCd Neé 98 +46 91437
ALL® 114 +12° 104 + 1.0° 100 + 09 9208

*Annual mean is the mean of monthly means, except for Browns River in 1987 and 1990 when January and
February monthly means were estimated by using the overall years monthly mean from 1980-1990.

PAll years mean is the mean of monthly means.

“No data from January, 1994

dAnnual means not reported when two or more months of data are absent.

“Overall mean does not include 1994 data.
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TABLE 2. MEAN NUMBER OF TAXA AND GEOMETRIC MEAN DENSITY (No/m%) FOR EACH YEAR AND OVER ALL YEARS WITH 95%
CONFIDENCE LIMITS FROM ESTUARINE STATIONS AT BROWNS RIVER SUBTIDAL (3) AND INTERTIDAL (3MLW) AND RdiLL

CREEK SUBTIDAL (9) AND INTERTIDAL (SMLW) SAMPLED FROM 1978 THROUGH 1994 (EXCLUDING 1985). SEARROOK
OPERATIONAL REPORT, 1994,

ALL YEARSS
STA. 197 199 19% 1981 1982 1983 1984 1986 1987 1988 1989 19% 1991 1992 1993 e mEan® va? 1and
Touw 3 30 46 4978 S0 9331 2635 1244 1182 1198 3472 2583 1707 1889 2253 19SS 4931 LT T S L
Density® 9 I 2209 14767 11277 4335 4533 620 2MI9 726 4764 1678 2488 SIN3 2178 2641 2760 e a2 25
IMLW 4260 616 5695 6833 8022 2723 2187 632 1727 393 6940 1778 6634 4842 4TI4 R4S asn s e
OMLW 3120 4512 6947 12,189 11,383 11,151 sin 9203 653  6lls 7525 R4S N 4997 S46i S281 5076 6704 3843
ALL 3514 4099 T3e a4 779 4364 1715 2980 995 4467 3990 2121 3967 330t 4062 496! L LT S TR T
Mean No 3 3 4 18 @2 o o7 0w »n ® 0w 3 RN M 0w © n 39 35 |
of Taa® 9 % W o “ i ¥ 2 2 723 N LU T 3 M b |
MW B W 3 i 35 2 ® 2 B W 3 w3 2w 214w 29 3 7 |
MW 28 35 38 4 36 nooon % 6 29 29 % 23 BN N 0B 3 n
ALL ¥ » 0 4 8 R n 00 3 3 I A L 2 N "
Swreblospro ) 367 123 193 525 1064 52 29 99 66 S0 m 6 462 160 293 135 m 329 163
beredicrn 9 0e 26 239 525 8t SIE 16 161 49 744 167 400 1612 29% %6 12 170 120 %
IMLW 49 505 1010 928 3584 525 535 1421 316 1306 3227 259 3301 1635 1977 23S 058 1487 %)
IMLW 566 434 “e 200 2354 325 1560 1299 11 a4 399 023 M 2M 2 @ 0 W9 24
ALL e e 684 912 925 B2 242 415 SE 7% 445 278 1105 M6 187 1D 0 a2 2w
Oligochaeta 3 Wm0 204 651 2189 S6 225 95 133 768 301 156 213 4 92 36l s s
9 6 100 2910 969 1058 603 162 S28 13 2M 233 260 525 293 140 1M 97 e 191
MW 87 186 s 320 350 92 32 98 215 32 409 48 197 A28 34 546 M W 9
IMLW  SM BI0 1067 861 S65 2877 572 742 isl 351 2888 362 610 2024 1680 1407 80 42 5SS |
ALL 1 25 67 646 23 93 298 43 157 382 537 163 M8 ST 49 an 7 A% e ;
Capitella 3 o6 123 an 889 M6 66 M ST s M 16 3 1S3 2E 140 % 152 6! |
capriata 9 PEU 21453 m 291 LI 131530 262 259 479 20 1042 0 0 495 2w |
wiw 17 29 138 244 340 208 124 197 % % 2 MW W N & 8 64 95 a
IMLW 279 45 125 320 2% 800 303 23 19 1068 173 46 143 181 208 197 M e
ALL ®0 40 269 HE a4y MI 91 28 @ 299 9 s M 137 45 9 143 % e
Heduste 3 $8 m 158 352 452 s S RN 4 w2 3 64 S0 M2 N8 9 i n
diversicolor 9 n» 4 205 4 ? 18 2 »» 8 4 33 om0 » @2 18
IMLW 800 1343 1169 1613 975 20 29 987 IS0 523 1235 i9%9 1906 1105 1120 193¢ % 08y 527
MLW 1M 6t 101 241 135 CL I 1L B 6 ¥ 90 I 0 106 16
ALL 12s 18 167 410 23 4 89 143 18 % HS 33 1S 84 230 15 1o 14 85

(Continued)



TABLE 2. (Continued)

ALL YEARSS

STA. 1978 1979 1980 1981 1982 193 1984 198 1987 1988 989 1990 1991 1992 1983 1954  wmean® uvar! L

Mys 3 6 158 92 181 132 75 3 21 0 12 3$ o4 7 17 4 25 43 63 w0
arenarsa 9 %5 a0 2% 246 148 168 157 3 53 83 6 208 m » 2 17 103 152 n
MLW 106 224 26 9 1" 103 n 1 7 2 n 25 n 3n 9 st a8 n n

oMLW 100 128 &2 400 141 7 26 13 n W4 206 W02 W07 09 398 126 184 'Y

ALL 18 265 2 237 134 98 s$ 19 2 26 9 98 30 7w 55 n 88 59

Spio setosa 3 38 9 65 155 159 120 M3 151 171 244 447 3 6 267 254 594 169 2% 125
9 50 59 %7 146 170 6 3 7 6 NS 23 110 158 6 Q 150 ) 128 o

IMLW ? 9 [ 6 4 s 2 4% 25 4% 24 % x 2 s 2 9 15 s

oML W 54 59 o 7% a8 30 8 65 2 R a %% s 3 18 2 s is

ALL 30 3 s n st 2 16 % 16 4 W02 7 n 21 as @ 6 32

Tharyx 3 " 2 835 1 2 3 }] 9 1o 7 6 24 0 103 88 n 4 T
acutus s 10 © 4 292 136 35 7 19 1 16 4 % 75 7 N 8 21 40 "
MW 106 174 607 3 23 52 “ 255 87 244 80 2% 4 9 %0 39 53 % 3

SMILW £ 298 4 43 1634 7 325 W 1 21 3 8 8 n 6 0 3?7 75 I8

ALL Q @ 183 ) 64 1] " s3 5 54 16 9 16 is 38 0 1 2 n

® Yearly mean density = mean of three seasonal means (where seasonal mean = mean of five rephicates)

mem*dm-“dhmﬂ”(Mwﬁ-uﬂw.dhlllonquhc-aou-hﬂ) In August 1992 at Station IML W, the total number of rephicates was fous,

not five

€ Mean of sll years = mean of 48 seasonai means (3 seasons x 16 years)

4 Upper and lower 95% confidence limuts



TABLE 3. RESULTS OF ONE-WAY ANALYSIS OF VARIANCE AMONG YEARS FOR MEAN NUMBER OF TAXA (per 516 m?) AND
LOG10 (x+1) TRANSFORMED DENSITY (No/m”) OF THE MOST ABUNDANT ESTUARINE SPECIES OF MACROFAUNA AND

TOTAL DENSITY (ALL SPECIES) COLLECTED AT FOUR ESTUARINE STATIONS FROM 1978 THROUGH 1994 (EXCLUDING
1985). SEABROOK OPERATIONAL REPORT, 1994,

PARMETER" STATION

[ MULTIPLE COMPARISONS® - SUBTIDAL STATIONS

Mean Density (All spp.) 3 3.54¢%¢¢ 828180947993 88; 78,83,89.929( 9084 87 86

9 289 NS
Mean Number of Taxa 3 1.51 NS

9 4. 13v%e 80,81, 83 86; 8279909291 88.78,93,8994>9092 91 8878938994 87 84
Streblospro benedicti 3 1.7 NS

9 204 8091 88 83 81 90,92 89 86,78,8293 878881 81 909289 86783829387.79.84 94
Oligochaeta 3 1.88 NS

9 402 80,83 82,81,86,91>86,91 92,88 90,89 84 93 87 94, 79>79,78
Capitella caputata 3 2.14* 82.81.93,.83 92,94 80,88 86,89 84 79 87>92 94 80 88 86,8984 798791 90,78

9 3 9eve B0 8893 86,9491 83>91 831 82,81 ,89.90,78 92 87-87,79 84
Hediste diversicolor 3 2.82¢¢ 82,81.93.79 80,88 54>79 80,88 94 78 91 86,89 92 84 81 87 90

9 2.52%¢ 81,9394 91 86,82,80,92,88,79,89 78>79 89,78 90,84 83 &7
Mya arenaria 3 195 NS

9 1.79 NS
Spio setosa 3 2.719** 94 8991909293 8887 8281 86,83>87 82 81 8683 84 80,79,78

9 203* 81,88,8C,89.82.91,94,90,86,92,79,78,93,83>90,86,92,79,78,93 83 87 84
Tharyx acutus 3 5.09%** 80,78,79,9> 88, 94; 91,84 92 86,89 90,83 8284 92 86,89 90 83 82 87 81

9 099 NS

(continued)



TABLE 3. (Continued)

PARMETER" STATION [ MULTIPLE COMPARISONS® - INTERTIDAL STATIONS
Mean Density (All spp.) IMLW 262* 94 82 8991 81,79.80,86,9293 78 88, 9293 78 88 83 84 90 87
IMLW 2.04* 81-83 89 80 8893 94 84 927986 9091,78, 9091,78 %7
Mean Numbesr of Taxa IMLW 299 ¥.,79,82 86,89,80 8894 78, 839092919387 384
IMILW 2.66%* 819082 86,80,79,92 94 83 88 89 78>89 78 93 91 84 &7
Streblospio benedicti IMLW 2.24* 82.91,89.94 93 92 86,88 80 81 84 83 79>93 92 86 88 80 81 84 83 79,78 87 90
SMLW 303 83,81.82 84 86,90,88,91,78,80,79,89,92>92 94 93 87
Otigochaeta IMLW 1.02 NS
IMLW 097 NS
Capitella capitata IMLW 3 96%** 82,81 .83 8680,84; 949392 88.79,89,87,90,78>92 88,79 89, 87,90,78 9i
IMLW 1.57 NS
Hediste diversicolor IMLW 163 NS
IMLW 3.7 84 81,86,78.79,82,80,89 9382 80,8993 83,91,94 88 92 90>91 94 88 92 90 87
Mya arenaria IMLW 1 68 NS
IMLW 249* 8981947993 908292 91,78 84 87 83.80>92 91,78 84 87 83 80 88 86
Spio setosa IMLW 120 NS
IMLW 132 NS
Tharyx acutus IMLW 308%°* 80 86,88, 79 78 93 87,89 83->83 84 94 90,82 92 91 81
IMLW 33900 82,84 86,79,83>80,81,94,92 88 90,78,91 93 89>81,94 92 88 90 78 91 93 89 §7

* Degrees of freedom for the mode! (years) = 15; Degrees of freedom for the error = 32;

® NS = Not significant (p>0.05), * = Significant (0.052p>0.01); ** = Highly significant (0.01p=0.001); *** = Very highly significant (p<0.001),

¢ Multipie comparison test is Waller-Duncan k-ratio t test with aipha -~ 0 05. Groups and years are in order of decreasing abundance  Groups that contain years
that overlap with less abundance groups are scparated by (~). Groups that contain years that are all significantly greater than less abundant groups are separated

by (0).



TABLE 4. SUMMARY OF EVALUATION OF EFFECTS OF SEABROOK
STATION OPERATION ON BENTHIC MACROFAUNA OF
BROWNS RIVER (STATIONS A3, 3ML) AND HAMPTON-SEABROOK
ESTUARY (STATIONS, 9, 9ML). SEABROOK OPERATIONAL

REPORT, 1994.
COMMUNITY/ WAS 1994
SPECIES SIMILAR TO
PREVIOUS
YEARS?
Number of taxa Yes
Total density Yes
Streblospio benedicti Yes
Oligochaeta Yes
Caputella capitata Yes
Hediste diversicolor Yes
Mya arenaria Yes
Tharyx acutus Yes
Spio setosa Yes

* Results based on ANOVA done by station for Stations 3, 3ML, 9 and 9ML (see Table 3).



APPENDIX TABLE 1. NOMENCLATURAL AUTHORITIES FOR TAXA CITED IN THE
ESTUARINE BENTHOS SECTION. SEABROOK OPERATIONAL

REPORT, 1994.

Oligochaeta

Polychaeta
Capitella capitata (Fabricius 1780)
Hediste diversicolor (Miller 1776)
Spio setosa (Verrill 1875)
Streblospio benedicti (Webster 1879)
Tharyx acutus (Webster and Benedict 1887)

Mollusca
Mya arenaria Linnaeus 1758



APPENDIX TABLE 2. WATER QUALITY DATA FOR BROWNS RIVER, JANUARY THROUGH
MAY 1995. SEABROOK OPERATIONAL REPORT 1994.

January
February
March
April
May

Temperature (°C)

Low Tid High Tid
47 62
28 43
175 6.5
9.5 10.5
10.0 12.0

18.6
25.7
18.6
21.1
236

High Tid

290
311
264
299
306
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Figure 1. Hampton-Seabrook estuary temperature/salinity and benthos sampling
stations. Seabrook Operational Report, 1994,
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SALINITY (ppt)

Seabrook Station

& Monthly means ere usually an average of weekly measurements however, ia
February and May 1994 one out of four weeks was sampled, in March 1994
two out of five weeks were sampled (Appendix Table 14-4 in NAJ 1994.)

Figure 2. Monthly means and 95% confidence limits for precipitation measured at Seabrook
Station from 1980-1994 (excluding 1984-1986) and surface salinity measured at low
tide in Browns River and Hampton Harbor from May 1979-December 1994 and monthly

means in 1994 and 1995 (Browns River only). Seabrook Operational Report, 1994,
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Figure 3. Monthly means and 95% confidence limits for temperature measured at low
tide in Browns River and Harbor from May 1979-December 1994
and monthly means in 1994 and 1995 (Browns River only). Seabrook

Operational Report, 1994,
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' i North Atlantic Energy Service Corporation
g N North. P.G. Box 300 -
%///m\\‘ Atlantic Seabrook, NH 03874
(603) 474-9521
The Northeast Utilities System
NYE-95026
November 3, 1995
Mr. Carl DeLoi
New Hampshire State Program Unit

Environmental Protection Agency
John F. Kennedy Building
Boston, MA 02203

Reference: (a) Seabrook Station NPDES Permit No. NH0020338

(b) North Atlantic Letter NYE-94019, dated October 27, 1994, “Technical Review
Papers, R.J. DeLoach (North Atlantic) to E K. McSweeney (EPA)

(c) North Atlantic Letter LIC-950192, dated October 11, 1995, “1995 TAC
Meeting,” J. M. Peschel (North Atlantic) to N. Prodany (EPA)

Subject: 1994 Environmental Studies Report

Dear Mr. DelLoi:

North Atlantic Energy Service Corporation (North Atlantic) has enclosed the Seabrook Station
1994 Environmental Studies Report as required by NPDES Permit Section I.B.1.f [Reference (a)] . The
1994 Report provides a comparison of 1994 Environmental Studies Data to previous years. This report
continues to demonstrate that Seabrook Station has not had a deleterious impact on the balanced
indigenous populations in the coastal waters of New Hampshire.

Appendix A of the report provides a comparison of the current statistical m=thod (Fixed Effects
ANOVA Model) to a proposed statistical method (Mixed Effects ANOVA Model). The Mixed Effects
ANOVA Model was proposed in 1994 [Reference (b)] and discussed with the Technical Advisory
Committee (TAC) at the November 10, 1994 TAC Meeting. The TAC has currently not approved the
proposed Mixed Effects Model as the sole statistical method for analyzing Seabrook Station
Enviroumental Studies Data. North Atlantic believes that use of the proposed Mixed Effects ANOVA
Model in evaluating Seabrook Station Environmental Studies Data is more appropriate than the current
Fixed Effects ANOVA Model.

The Seabrook Station Ecological Advisory Committee (SEAC) has also endorsed use of the
Mixed Effects Model in place of the Fixed Effect Model. The SEAC, composed of five regional
university professors with expertise in environmental impact assessment, provided this endorsement with
recognition that the revised model is a more objective and rigorous methodology which is better suited
for making inferences from the existing Seabrook Environmental data. The SEAC believes that
Appendix A to the report supports the use of the Mixed Effects Model.



Environmental Protection Agency November 3, 1995
Attention: Mr. Carl DeLoi Page two

A copy of the 1994 Report is being provided to each membes of the Technical Advisory
Committee (TAC). The 1995 TAC Meeting is scheduled to be held in the Seabrook Station Science &
Nature Center at 9:00 am. on Wednesday, November 29, 1995 [Reference (c)]. At this meeting, North
Atlantic will discuss the 1994 Environmental Studies Report and proposed revisions to the
environmental monitoring program.

Should you require additional information regarding this matter, please contact Mr. James M.
Peschel, Regulatory Compliance Manager, at (603) 474-9521, extension 3772.

Executi\;e Director - N Production



Environmental Protection Agency November 3, 1995

Attention: Mr. Carl DelLoi Page three

cc with enclosure:

TECHNICAL ADVISORY COMMITTEE ¢* ABROOK ECOLOGICAL ADVISORY
COMMITTEE:

Dr. Edward Schmidt

NH Dept. Of Environmental Services Dr. John Tietjen, Chairman

Water Supply & Pollution Control Div. 134 Palisade Avenue

6 Hazen Dirive Leonia, NJ 07605

Concord, NH 03302

Dr. W. Huntting Howell

Mr. Jeffrey Andrews 12 James Farm
Supervisor, Industrial Permits Section Lee, NH 03824
Dept. Of Environmental Services

Water Supply & Pollution Control Division Dr. Saul Saila

6 Hazen Drive 317 Switch Road

Concord, NH 03302

Mr. Robert Estabrook

Hope Valley, RI 02832

Dr. Bernard J. McAlice

NH Dept. Of Environmental Se ‘ices Darling Marine Center
Water Supply & Poliution Control Division University of Maine
6 Hazen Drive Clarks Cove Road

Concord, NH 03302

Walpole, ME 04573

Mr. John Nelson Dr. Robert Wilce

NH Fish and Game Department Department of Biology

37 Concord Road 221 Momill Science Center

Durham, NH 03824 University of Massachusetts
Ambherst, MA 01003

Mr. Nicholas Prodany

Permit Compliance Section

Environmental Protection Agency NORMANDEAU ASSOCIATES

John F. Kennedy Building

Boston, MA 02203 Ms. Marcia Bowen
Normandeau Associates, Inc.

Mr. Jack Paar 38 Lafayette Street

Environmental Protection Agency PO Box 202

60 Westview Street Yarmouth, ME 04066

Lexington, MA 02173

Mr. Eric Nelson

National Marine Fisheries Service

Northeast Region

One Blackburn Drive

Gloucester, MA 01930
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EXECUTIVE SUMMARY

1.0 EXECUTIVE SUMMARY

1.1 APPROACH

Environmental monitoring studies were conducted
to determine whether Seabrook Station, which became
opetational in August of 1990, had an effect on the
“Balanced Indigenous Populations of Fish, Shellfish
and Wildlife" in the nearfield coastal waters of New
Hampshire. A biological monitoring program
established under the National Pollutant Discharge
Elimination System (NPDES) permit, jointly issued
by the Environmental Protection Agency and the state
of New Hampshire, forms the {ramework for study.

A systematic approach of impact assessment was
used to determine whether the operation of Seabrook
Station affected the aquatic biota. This approach
incorporaced both temporal and spatial components
for each biological community evaluated (Figure 1-1).
Potential operational effects couid be ruled out if: (1)
results from the operational period were similar to
previous (preoperational) years, given the natural
variability in the system, or (2) differences within the
operational period were observed in both nearfield and
farfield areas. In addition, other potential sources of
change have been investigated before the conclusions
specified within this report were drawn. This study
design was modeled after objectives discussed by Green
(1979), which have been described previously in more
detail (NAI 1991).

The validity of the impact assessment mode! is based
on comparisons between nearfield stations within the
influence of Seabrook Station and at farfield stations
beyond its influence. Modeling studies, as well as
operational validation, clearly indicate this to be true
for thermal effects in relation to the thermal plume.
The extent of a+3°F (1.7°C) isotherm has been shown
to cover a relatively small 32-acre surface area
(Padmanabhan and Hecker 1991). Due to the buoyant
nature of the thermal discharge, temperature differences
do not extend below the thermocline. Due to its

location within the water column, the intake is also
expected to have only a localized effect. This is
characterized bv the entrainment and<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>