
.

W t. . ,,

't % rth North Atlantic Energy Service Corporation
4 P.O. Box 300

t Atlaritic' Seahroet NiiO3874
d (603) 474-9521

The Northeast Utilities System
#R 30 MB

Docket No. 50-443
NYN-96029

United States Nuclear Regulatory Commission
Attention: Document Control Desk
Washington, D.C. 20555

Seabrook Station
1995 Annual Environmental Ooerating Report

North Atlantic Energy Service Corporation (North Atlantic) submits the 1995 Annual Environmental
Operating Repon' for Seabrook Station #. The enclosed report is a summary of the implementation of the
Environment.11 Protection Plan (EPP) for the period of January 1,1995 to December 31,1995. This report
is submitted pursuant to the requirements of Section 5.4 of the Seabrook St lion Environmental Protection
Plan.

Should you require further information regarding this matter, please contact Mr. Anthony M. Callendrello, |
1.icensing Manager at (603) 474-9521, extension 2751. |

|

Ve j truly yours,

NORTil ATLANTIC ENERGY SERVICE CORP. )

|
_ & ' . , -

. A. DiProfio
Station Director

cc: Mr. Thomas T. Martin, NRC Regional Administrator
Mr. Alben W. De Agazio, NRC Sr. Pmject Manager
Mr. John 13. Macdonald, NRC Senior Resident inspector

0,Po77

9605030096 951231
PDR ADOCK 05000443 \R PDR

' National Pollutant Discharge Elimination System (NPDES) Permit No. NH0020338.
2 Facility Operating License No. NPF-86



___ _ _

,

.

Seabrook Station
Annual Environmental Operating Report

January 1,1995 to December 31,1995

1. Environmental Studies Procram

The following reports related to the environmental studies program were submitted to the EPA
pursuant to the NPDES Permit No. NiiOO20338.

*

a. 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 p oposed
modifice.tions to the program.'

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

c. North Atlantic letter NYE-95011," Sampling of the Browns River and the llampton liarbor
Estuary," dated May 18,1995 (Enclosure 3). This letter was submitted to the EPA and
provided notification that the Browns River and flampton liarbor Estuary Monitoring
Program had been discontinued.

d. 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.

e. 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 llampton-Seabrook area during the operation of Scabrook
Station.

f. 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.

2. Environmental Protection Plan Activities for Reoorting Period

Aquatic Monitoring

The following reports related to aquatic monitoring have been submitted to the EPA pursuant to
NPDES Permit No. N110020338 to demonstrate compliance with the water quality component of
the Station's discharge as required by the permit:



i

2. Aquatic Monitoring (Continued)

North Atlantic letter NYE-95007, " Annual llydrological Report --1994," dated March 17,a.

1995 (Enclosure 7). The report was submitted to the EPA and demonstrated compliance
with the NPDES pennit.

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

Ierrestrial Monitoring

Not Applicable

Noise Monitoring

Not Applicable i

l

I

|
3. EPP Non-Comnliance and Corrective Actions

There was one NPDES Permit exceedance reponed 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 is 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 !cvels 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 llampshire 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-monitoring program".

4. Non-Routine Reports

North Atlantic letter NYE-95002, " Request to Use Methoxypropalamine at Seabrooka.

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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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", RJ. DeLoach (Nonh 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.

DeLoach(North Atlantic)

Subject: 1995 Biological Monitoring Program and Proposed Modifications

Dear Mr. McSweeney:

As required under sections I.A.I.j (4), and I.A.ll of the Seabrook Station NPDES permit
[ Reference (a)], North Atlantic 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 I.A.11 (b) of the NPDES permit, was held on November 10,1994 at Seabrook l

Station. This meeting provided a discussion of the 1993 monitoring program results, highlights of the )
near complete 1994 monitoring 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 1 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
detennined 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.

|

|

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

2. Consisteht with earlier approved modifications in the ichthyoplankton program, a
reduction of macrozooplankton data collection f.om 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. Elimination of the estuarine benthos monitoring program and Browns River temperature j
and salinity monitoring program. In the EPA's May 17, 1993 letter regarding North l

Atlantic's 1993 proposed biological program changes [ Reference (c)], EPA indicated that ;

the above mentioned monitoring programs should continue for one additional year l
following the cessation of discharges to the Browns River from the Seabrook Station's i
Settling Basin. Discharges to the Browns River were subsequently terminated on April l

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 collected 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
model instead of the fixed-effects ANOVA model was presented to the TAC. According
to recent literature and examples cited in the technical paper, this cNmge 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 oc' cur. In
addition, the use of the statistical model proposed above would result in a 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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U.S. Environmental Protection Agency January 31,1994
Attention: Mr. Edward K. McSweeney Page three

i

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.

Very tmly yours,
,

I-
R. Jeb eLoach
Director - Special Projects

,

4

! RJD: RAS /act

Enclosures

cc with enclosures:

Mr. Jeffrey Andrews Mr. Nicholas Prodany,

Supervisor, Industrial Permits Section Permit Compliance Section
Dept. of Environmental Services Environmental Protection Agency
Water Supply & Pollution Control Division John F. Kennedy Building
6 Hazen Drive . Boston, MA 02203
Concord, NH 03302

Mr. Robert Estabrook Mr. Eric Nelson
Dept. of Environmental Services National Marine Fisheries Service
Water Supply & Pollution Control Division Northeast Region4

6 Hazen Drive One Blackbum Drive
Concord, NH 03302 Gloucester, MA 01930

Dr. Edward Schmidt Mr. Jack Paar
Dept. of Environmental Services Environmental Protection Agency

'

Water Supply & Pollution Control Division 60 Westview Street
6 Hazen Drive Lexington, MA 02173
Concord, NH 03302

Mr. John Nelson Ms. Marcia Bowen
NH Fish and Game Department Normandeau Associates,Inc.
37 Concord Road 38 Lafayette Street
Durham, NH 03824 P.O. Box 202

Yannouth, ME 04096
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Environmental Protection Agency January 31,1993
Attention: Mr. Edward K. McSweeney Page four

l

cc w/o enclosures: -

:

Dr. John Tietjen Dr. Saul Saila
134 Palisade Avenue 317 Switch Road |

Leonia, NJ 07605 Hope Valley, RI 02832

'

Dr. W. Huntting Howell Dr. Robert Wilce
'

12 James Farm Department of Biology
Lee, NH 03824 221 Morrill Science Center

; University of Massachusetts
Amherst, MA 01003

:

Dr. Bemard J. McAlice Mr. Ted C. Feigenbaum i

Darling Marine Center Senior Vice President arfd i

University of Maine Chief Nuclear Officer
Clarks Cove Road North Atlantic Energy Service Corporation
Walpole, ME 04573 P.O. Box 300 I

4 Seabrook, NH 03874

.
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October 27,1994

Mr. Edward K. McSweeney
Wastewater Management Branch
United States Environmental protection Agency
John F. Kennedy Building
Boston,MA 02203

Reference: Seabrook station NPDES Permit No. NH0020338

Subject: Technical Review Papers

Dear Mr. McSweeney:

North Atlantic Energy Service Corporation (North Atlantic) has prepared four technical
papers for review by the Technical Advisoiy Committee (TAC) as established under the 57 DES
permit for Seabrook Station. Each paper evaluates a particular segment of the biological monitoring
program performed under the NPDES permit and details modifications to each program based upon
data obtained during both the preoperational and operational periods.

The attached technical papers include an evaluation of the Seabrook Station marine intertidal

destructive program (Enclosure 1), an evaluation of the Seabrook Station macrozooplankton
sampling program (Enclosure 2), an evaluation of the Sesbrook Station estuanne 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 j

the current biological monitoring program and address desired modifications based on a resiew of I
the data. These moddications will not jeopardize North Atlantic's ability to determine impact, should j
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 mere -
i

reliable test results. !

1

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 i

'
the Seabrook Station NPDES permit on November 10,1994. Should you have any questions relative

!

I
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{ Environmental Pro:ection Agency October 27.1994 !
! Attention: Mr. Edward K. McSweeney Pagetwo,

e

i .
.

to the technical reports, please do not hesitate to contact Mr. Kenneth Dow at (603) 474-9521,-

extension 2401, or Mr. James M. Peschel, Regulatory Compliance Manager, at extension 3772.4

:

Very truly yours,;

kfh
. R. Jeb DeLoach
j Director- Special Projects

RJD:ALL/act

Enclosures
'

j

| cc with enclosures:
j Mr. Ted Landry Mr. John Nelson
i Permit Compliance Section NH Fish and Game Department
! Environmental Protection Agency 37 Concord Road

John F. Kennedy Building Durham, NH 03824 !
7

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~

i Mr. Eric Nelson Dr. Edward Schmidt '

National Marine Fisheries Service Dept ofEnvironmental Services
Northeast Region Water Supply & Pollution Control Disision,

! 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
6 Hazen Drive John F. Kennedy Building

; Concord, NH 03302 Boston, MA 02203

cc w/o enclosures:
Mr. Ted C. Feigenbaum-

_
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Introduction
for sampling. As a result. it is difficult to locate

The predominant marine intertidal habitat in the an area for sample collection at Rye Ledge without
.

I

; sicinity of Seabrook Station is hard substrate encroaching on areas where samples have presious-
j

ledge. This habitat suppons a rich and diverse
ly been collected. Furthermore. it is unknown

assemblage of attached macroalgae and macrofauna
whether areas that appear to hase full algal coseri

j tolerant of changes in tidal elevation, air and water have totally recovered. The purpose of this paper
is to evaluate the intertidal monitoring program inj temperature, and wave energy. ;
light of its objectives and. taking into account the;

impacts by the monitoring program itself. recom.'

The marine intertidal monitoring program was mend sampling modifications,
'

established to describe temporal and spatial par-q

;
tems m the hard substrate benthic community and
to evaluate potential impacts from Seabrook Sta. Methods

i tion's thermal discharge plume. Concem was

raised during the design and installation of the
Benthic destructive samples are collected three

offshore intake and discharge structures that the
times per year (May, August, November) at mead

i
'

Outer Sunk Rocks might be exposed to elevated
low water areas on the Outer Sunk Rocksi temperatures, causing potentially damaging lethal
(BIMLW, nearfield) and Rye Ledge (B5MLW.[ and sublethal effects to the biological community, farfield, Figure 1). Five randomly selected i 16i Monitoring during the operational period has

'

2

} shown that the thermal plume has met the NPDES
m areas in Chondrut. dominated horizontal ledge

(previously undisturbed by sampling) are scraped
{ permit criterion (i.e., a .iT of s5'F at the Outer

clean of flora and fauna. Samples are washed oser
; Sunk Rocks). Furthermore, field studies that deter-

a 1.0-mm screen and animals and algae are re-i mined the extent of the thermal plume under sever-

al tidal and current conditions indicated that there
moved. Algae are identified to the lowest possible

taxon, dried to constant weight and weighed. In
4- were no measurable temperature differences at the

August, collections of animals are identified to
} Outer Sunk Rocks. Therefore, based on the physi-

lowest possible taxon; noncolonials are enumerated;

cal data, it is unlikely that this area is affected by
and colonials are recorded as present. In May andthe discharge plume..
November samples, only selected animal taxa are

2 enumerated. Selected ariimal taxa were determinedAt the 1993 meeting of the Seabrook Station
from previous studies to be those taxa that are

Technical Advisory Committee, problems sur.
most useful as indicators of the communities in the

rounding sample collection, particularly at Rye
study area, based on abundance, trophic lesel. s.

I

j

i Ledge, were discussed. The area of honzontal
habitat specificity. Length measurements of seser-

ledge habitat at monitored sites is limited. Given
al dominant or important organisms (Mytilidae*

]the long natural recovery penod of communities
spat, gastropod Nucella lapillus, and amphipod

!! occupying this habitat destructive sampling since .4mpirhoe rubricara) are made.i
1978 at the Outer Sunk Rocks and since 1982 at
Rye Ledge (30-1/16 m samples per year) has

reduced the amount of undisturbed area available !.

i

i I
i

- - - ..- . - . --
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Figure 1. Marine intertidal benthic sampling stations.
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Sampling began in 1978 at the Outer Sunk been renamed Before-After/ Control Impact (BACH
Rocks. In 1982. far6 eld stations outside of any by Stewart-Oaten et al.1986. Intenidal benthic

,

j potential influence of Seabrook Station were added sampling was iniciated before the 1990 plant stan-
) to most programs. A lengthy search was undertak- up date and has continued for the four-year period
; en to find a suitable farfield counterpart to the of plant operation.

Outer Sunk Ro:ks. The Rye Ledge area was se-

lected as that which most closely approximated the

Sunk Rocks: however. differences in topography Analysis
'

and wave exposure are apparent.
j

Impact assessment for all Seabrook programs
; Beginning in 1982. two areas at Outer Sunk includes analysis of the community and assessment i

Rocks (BIMSL) and Rye Ledge (B5MSL, Figure of selected species. The null hypothesis is that no
; l) have been evaluated nondestructively in April, change has occurred during the operational period.

July, and Decemt,er. Observations are made at . Benthic community analysis includes numerical.,

two permanently-marked 0.25 m quadrats at three classification of both macrofauna and macroalgae-,

tidal levels; bare rock (approximate mesa high and analysis of variance (ANOVA) of community
j water). Fucus zone (approximate mean sea level), parameters such as number of taxa and total abun-

and the Chondrus zone (approximate mean low danc or biomass. In the community analysis, no
water). The percent cover of fucoid algae and impact was indicated if operational collections
percent frequency of occurrence of dominant or- were highly similar to preoperational collections.i

ganisms are estimated and recorded. General ob. causing them to be grouped together. Abundance
servations and photographs of the area are also or biomass of selected species is assessed through.

made. ANOVA. Median percent frequencies of dominant

taxa in the intertidal nondestructive program during
'

General collections of macroalgae are made in the operational period are emnpared to the preoper.
order to identify all possible algal taxa present at a ational period. No impact is indica:ed if the mede

; station. Collections are made in conjunction with an of the operational period is within the preopera-
intertidal destructive sampling. In addition, collec- tional range.
tions are taken from mean sea level areas, includ-i .

ing tide pools. A two way factorial ANOVA was utilized that

matches the BACI design. The main effects are

Operational Period (Op Preop) and Station and
Samaling Deslan their interaction term (Op-Preop X Station). Tem.

poral factors (year within operational status and.
The sampling design for the marine benthic when appropriate, month within year) were also

program utilizes simultaneous sampling at both utilized. Transformation is employed for some
nearfield (or impacted) and farfield (or control) parameters in order to normalize the distribution . !

stations both before or after a potential impact, as the data in impact assessment. The term of con.
advocated by Green (1979). This protocol has cern is Preop-Op X Station; a significant Preeps e

X Station interaction tenn would suggest that an

.. _. _ _ _ _ __ _
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operational change has occurred at only one of the tidal zone has been stable throughout the study, j
; paired stations. warranting further examination. and distinct from other depth zones in the moni- '

; toring program (Figure 3). ;

!

: gggjg The intertidal nondestructive program gives a i

| slightly different picture of the intertidal zone than

The intertidal benthic community in the Sea- does the destructive program. The observations. :

brook area is a diverse and productive assemblage. using percent frequency of occurrence, and. for

Species richness and abundance and biomass at fucoids, percers. cover, give a two-dimensional

intertidal stations were similar to shallow subtidal picture of the habitat, in contrast to the three-di.

; ' (5 m depth) habitats, and much higher those ob- mensional aspect of abundance or biomass of de-

! tained from deeper environs (9-21 m depth) structively-collected samples. However, the use of ,

.

(NAESCo 1994). The red alga Chondrus crispus an established quadrat eliminates the small scale
! predominated, with Mastocarpus stellatus an im- spatial variability related to unavoidable topograph.

i portant secondary dominant (Table 1). Mytilidae ic differences in destructive samples. He nonde.

spat were highly abundant. Epifaunal species such structive program focuses on dominants that canle I

'
as the isopod Jaera marina, and gastropods Lacuna observed in the field. It is the only program that4

vincta and Turtonia minuta. were common, as was examines the high intertidal bare rock ledge and;
! the bivalve Niatella sp. Although small seasonal mid intertidal Fucur zone habitats.

j differences in abundance or biomass of these spe-
: cies were observed, variations among years were In the mean high water zone at both nondestrue.

! greater, reflecting variations in recruitment success tive sampling sites, bare rock substrate predomi-

; and small scale topographic differences (Figure 2). nates. Barnacles and the gastropod Littorina saw-

j Significant differences among years and between tilis are the only fauna that occur in any abundance

stations occurred in numbers of taxa, total abun- at both stations. Fucur spp. appears at the fartield

dance and biomass. and abundance or biomass of site. Ephemeral green algae appear in April. then
5 dominants (NAESCo 1994). disappear. In the fucoid zone at mean sea lesel.

'

Fucus spp. and Mytilidae are present year-round.<

j During the operational period, significant de- Littorina obturata occur in low percentages. Non-

creases occurred at the Sunk Rocks in the average destructive sampling results at mean low water in

total algal biomass, total faunal density, and num- the Chonhus zone paralleled those from the de-

ber of faunal taxa. De average number of algal structive program. Chondrus crispus, Martocarpm<

. taxa was reduced at both intertidst stations. How- stellatus, Mytilidae and Nucella lapillus were im.

ever, variations in these parameters during the portant year-round (NAESCo 1994).

j operational period were within the range of previ-

j ous years (Figure 2). There was no evidence of a Results from the nondestructive monitoring

sustained decrease in any of these parameters that program indicate that no differences in community'

was related to the operation of Seabrook Station. composition occurred during the operational pen-

j Furthermore, community composition in the inter- od. However, differences have been evident

I

- , .

.- -- - - --
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TABl.E I. Ml!AN ABUNDANCliOR lilOMASS AND UPPliR AND 1.OWER 95% CONDIlDiiNCli1.lMllS 01:
DOMINANT AI. gal. AND l'AUN \l. TAXA IN AUGUST INTERTlDAL Col.l.liCTIONS DilRING
PREOPERATIONAL (1978-1989) A ND OPliRATIONAl. (1990-1993) PliRIODS.

;

.

MEAN ABUNDANCE OR BIOMASS
DOMINANT TAXA PREOPERATIONAL OPERATIONAL

LCL MEAN UCL LCL MEAN UCL
Algae Clavufrus crispus 7965 986.2 1175.9 473.0 780.7 1088.4A&utocarpus siellutus 106.6 215.2 323.9 20.7 206.4 392.0

i

Corullina officinalis 20.0 51.3 82.6 3.8 20.3 4.l. I
l'auna Mytilidae 47979 69205 99823 37349 70118 131684

,

Jaera nurina 2II7 3626 6217 690 1242 22391.ucurus vincia 2036 3209 5061 2474 3888 6II4Turionia minuta i368 2707 536I 683 I850 5016fliatella sp. I465 2604 4632 297 840 2378Oligochacia 1204 2030 3424 182 837 3860Nuccl/a lapillut 926 1501 2433 530 1437 3901
.

9
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between the Sunk Rocks and Rye Ledge through- cles (Menge 1976. Lubchenco and Menge 1978.
out the study period. Lubchenco 1980). Mussel populations show dra-

:
matic fluctuations depending on the recruitment
success of spat (Hardwick Witman and Mathieson

,

| Discussion 1983: Suchanek 1981. 1986). Large numbers of |

mussels can eradicate Chondrus crispus through I
4

I The intenidal community observed in the vicini- smothering as well as by competing for space. j

j . ty of Seabrook Station is similar to that described |
! by other studies in New England (Stephenson and The intertidal zone is subjected to extreme natu. j

Stephenson 1954a.b: Menge 1976; Lubchenco ral variations in temperature, desiccation, and salin- '

j 1978.1980; Lubchenco and Menge 1978: Larsen ity, due to tidal action. The intertidal area is sub-

and Doggett 1981: Menge and Lubchenco 1981: jected to va.iations in air temperature during low
'

'

Menge 1983: Mathieson et al.1991). The low tide and water temperatures at high tide. While
} intertidal zone is marked by the termination of the surface water temperatures vary from 1-18'C in the

fucoid canopy. gradually changing to a thick cove'r ' study area (NAESCo 1994), air temperatures range
#

of red algae (Chondrus crispus on horizontal sur- from -18'C to +28'C (Mathieson et al.1991).
! faces. ranging to .tfastocarpus stellatur on vertical Rainfall can reduce salinity levels to near zero at

| surfaces) in all but the most exposed areas. The low tide. The biotic community is tolerant to thew
! algal cover provides a substrate for a variety of . extreme variations in the environment.
j epiphytes and epifauna, most notably the blue

mussel .t$it/us edulis. A number of invenebrate Any potential thermal impacts from Seabrook.

; predators can occur. including crabs (rock crab Station in the intenidal zone must be considered

| Cancer irroratus and Jonah crab C. borealis), with the natural variations as a backdrop. Hydro-
: seastars (Asterias spp.) and the gastropod Nucella dynamic modeling conducted prior to plant start.up

lapillus. predicted that thermal impacts at the Outer Sunk
,

; Rocks would be rare, and if they occurred, the j

; A variety of biological and physical processes temperature increase would be less than l'F (Tey -

are thought to affect community structutv. Varia- sandier et al. '974). Subsequent field monitoring |
tions in the physical environment are caused by studies conducted during commercial operation i

j changes in tiAl elevation, wave exposure, salinity, showed that the thermal plume did not extend to

i substrate ty;- nd topography, and ice as well as the Outer Sunk Rocks under the conditions tested.
I biological factors such as competition and preda. no change in temperature resulting from the dis.

L tion. Menge (1991) claims that competition and charge plume was observed in this area (Padmans

predation account for 50 75% of the observed bhan and Hecker 1991). Thus, based on the phy u.
'

variation in the intertidal zone. However, in the cal data, the likelihood of a thermal impact from;

) exposed low intenidat zone such as that occurring Seabrook Station at the Outer Sunk Rocks is low

| in our study area. strong wave action excludes The biological studies support this conclusion.

most predators. allowing 36tilus edulis a competi. showing little change in community compositier''

tive advantage over Chondrus crispus and bama- beyond that expected from natural variabilits dm
!

I
!

I
|
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ing the three year operational period (NAESCo Larson. P.F. and L.F. Doggett. 1981. The Ecolo- !

1994), gy of Maine's Intertidal Habitats. Maine State l

Planning Office and Bigelow Laboratory for
Ocean Sciences.183 pp.

CONCLUSIONS AND RECOMMENDATIONS Lubchenco, J.1978. Plant species disersity in a
marine intertidal community: importance of '

There are three compelling reasons for elimi. herbivore food preference and algal competitise
abilities. Am. Nat. I12:23-39.nation of intertidal destructive sampling. The

Outer Sunk Rocks is out of the range of 3*F iso- 1980. Algal' zonation in a New.

therm from Seabrook Station and is likely to be England rocky intertidal community: an experi-
unaffected by the thermal plume. This alone mental analysis. Ecology 61:333-344.

should justify removing intertidal monitoring from )
Lubchenco, J. and B.A. Menge. 1978. Communi-

the program. Secondly, there is no biological
ty development and persistence in a low rocky

evidence of any thermal impacts based on monitor - intertidal zone. Ecol. Monogr. 48:67 94.
.

'.

ing results to date. Third, much of the hori.zontal

ledge habitat has been disturbed by previous sam- Mathieson, A.C., C.A. Penniman, and L.G. Harris.

pling, especially at Rye Ledge. Due to slow natu- 1991. Northwest Atlantic Rocky Shore Ecology

ral recovery of this habitat. continued destructive P.109-192 in A.C. Mathieson and P.H.
Nienhuis, ed. Intertidal and littoral ecosystems.

sampling will further impact most of the residen.t
. .

Ecosystems of the world, Vol. 24. Elsevier
populations. The intertidal nondestructive program Science. NY, NY.
will continue to provide an adequate measure of

monitoring changes in this habitat, should they Menge, B.A.1976. Organization of the New
~

occur. In the event that the nondestructive pro- England rocky intertidal community: roleof
predation, competition, and environmental heter.

gram does show change beyond that --M from ogeneity. Ecol Monogr. 46:355-393.-

natural variability, destructive sampling could be
!

reinstated to further assess these changes. .1983. Components of predation ,

intensity in the low zone of the New England i

|
rocky intertidal region. Oecologia 58:141-155 j

'

j Referencea CW g99g, Relative importance of re.,

cruitment and other causes of variation in rocky
5 Given, R.H.1979. Sampling design and statistical intertidal community structure. J. Exp. Mar.
| methods for environmental biologists. John Biol. Ecol. 146:69-100.

Wiley & Sons., New York. 257 pp.>

I Menge, B.A. and J. Lubchenco. 1981. Communi-
i Hardwick Witman, M.N. and A.C. Mathieson. ty organization in temperate and tropical rocky

1983. Intertidal macroalgae and macroinverte* intertidal habitats: prey refuges in relation to
; brates: seasonal and spatial abundance pattems consumer pressure gradients. Ecol. Monogr.
! along an estuarine gradient. Estuarine Coastal 51:429-450.

Shelf. Sci. 16:113 129.
4
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Evaluation of Seabrook Station Macrozooplankton Sampling Program :

Introduction collections met the Before-After/ Control-
Impact sampling design requirements

The operation of Seabrook Station, a steam (Stewart Oaten et al.1986) and were
electric generating station, requires a large amenable to statistical testing based on >

volume of seawater for condenser cooling. analysis of variance (ANOVA) models. In .

!During this cooling process, numerous addition, these data were used for numerical
planktonic organisms are entrained through classification and multivariate analysis of
the condensers with the cooling water and variance (MANOVA). For ANOVAs, abun-
many are presumed not to survive. dance of the following four selected
Collections of macrozooplankton, larger macrozooplankton species were examined:
invertebrate plankton, have been made in the Calanus finmarchicus (copepodites and
Hampton Seabrook area since 1978. This adults separately), Carcinar maenas (larvae), .

sampling effort was part of the environ- Crangon septemspinosa (zocae and post
mental monitoring program for assessing the larvae) and Neomysis americana (all life
x>tentialimpact of Seabrook Station, which stages combined). For these selected
xgan commercial operation in August 1990. species, all annual data from two monthly
The objectives of these studies were to collections were included in the analyses,
describe seasonal, annual and spatial trends except for C. maanas larvae, which occur
and community composition of mactozoo r ' seasonally and whose analyses were
plankton in the Hampton Seabrook area: to restricted to data collected from June through'
identify key species and monitor their annual . September (NAESCO 1994).
abundances; and most important, to deter- Data used in the analyses were from three
mine whether Seabrook Station operation randomly selected replicates of four samples
had any measurable effect on them. This collected in two consecutive rows (NAESCO
evaluation of the macrozoplankton sampling 1994). Collections were made with paired 1-
program intends to demonstrate that current m diameter 505-n mesh nets at each station
sample replication contributes little to the on two sampling dates per month, usually
description of temporal variability in species from alternate weeks. For the 1993 data
abundance, and thus, the program scope analyses the log 10 transformed replicate ;

could be reduced without loss of information sample densities were averaged. The
critical to impact assessment. ANOVA model was a two-way factorial with

nested effects. The main effects were
Review of Methodology operanonal periods (Preop Op) and stations

(Station), and the model included their
The present macrozooplankton sampling interaction term (Preop Op X S;atio:n.

design consists of two stations located in Nested temporal effects were yer.rs within
potentially impacted areas (nearfield), one operational periods-(Year (Precp Op)) and
near the offshore intake (P2) and the other months within year (MontMYear)). For
near the offshote discharge diffuser system both nested terms, veieien was partitioned
(P5); and a non impacted (farfield) or control ignoring stations (stations combined). A
station (P7) approximately 7 km north of the fixed-effects model was assumed with all
discharge area (Fig.1). These stations have sources of variation tested against the
been sampled consistently since July 1986. tesidual mean-square (Error) term. Type !!!

: In addition, station P2 was sampled from (SAS 1985) sums of squares were used for
; January 1978 through December 1984 and the analyses because the cells in the factorial

P7 from January 1982 through December design contained unequal numbers of obser-
,

1984. Primarily, the data since 1987 have vuions (Freund et al.1986). To separate-

been used for impact assessment becaase the preoperational from operational periods the

Seabrook Station Macrozooplankton .

:
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1990 data were excluded because part of that separate F tests constructed as ratios of
year was preoperational and the remaining corresponding means squares, where the-

: operational. The source of variation of larger of the two mean-squares was the
i primary concern for power plant impact numerator (Snedecor and Cochran 1967).

assessment was the Preop-Op X Station The Error mean squares terms of the-

interaction (Thomas 1977; Green 1979: ANOVA models were important in this
Stewart Oaten et al.1986). Through 1993, evaluation because they accounted for all;

there have been no significant interactions unexplained variance or " natural noise", and
: detected for the four selected macrozoo- thus, contributed critically to the final
j plankton species (NAESCO 1994). sensitivity of every F-test.

Sampling Program Evaluation Evaluation Results
;

! Traditionally, replicate sampling has been Comparison of the three ANOVAs (three
! conducted to esumate plankton abundance replicates versus two replicates and only one
; because of their suspected " patchy" sample per sampling date) for each selected
i distribution. The six years of macrozoo- species showed similar results in assessing
i plankton data (1987-93, excluding 1990) potential plant impact (Tables 1-5). Based en
: collected at three stations provided a the sources of variation that were significant
i. reasonably long time-series to evaluate (p 5 0.05) in each ANOVA, for the three

whether there has been enough variability versus two replicate comparisons the only
among the three replicate samples to warrant differences in F-test significance were the,
their continued collection. Therefed, this Station term for C.finmarchicus adults and;

; evaluation will attempt to determme whether the Year (Preop Op) term for C. maenas
the present macrozooplankton program (Tables 2 and 3). For the three replicates.

j would be affected in its ability to detect plant versus one sample comparison there were
: operation impacts if the number of replicates several differences, three in the Preop 0p
! were reduced. term for C. finmarchicus copepodites. C.
j The Pect of using only one or two maenas and N. americana (Tables 1, 3 and
i samples per date was simulated by recom- 5); and two in the Year (Preop-Op) term
; puting the previously described ANOVA for C. maenas and C. septemspinosa (Tables
: using data from all three replicates (replicate 3 and 4). Nevertheless, the critical

densities not averaged) and comparing these interaction Preop-Op X Station term was'

results to those obtained by using the first not signi6 cant in any ANOVAs and the
and last replicate samples (two samples), and probabilities of rejection (P) for this term

! then to those using only the first replicate were similar in all comparisons, except for
i sample. A similar approach to simulating C. septemspinosa (Table 4). Of parucular
; effects of sampling modifications on the importance was that the residual mean-
: ichthyoplankton program was used in 1993 squares (Error terms) were similar among

and presented at the Technical Advisory the three ANOVAs' for each species. which
Committee (TAC) meeting (NUSCO 1993). indicated that reduction to one sample peri

i Conclusions of the eva untion were based date would not result in an " inflated" estimate
on whether similar results were obtained of the unexplained variance or " natural<

! from the ANOVAs for each of the selected noise". The similarity between Error terms
i species using three replicates versus two computed with three replicates and with one
i replicates and one sample. Of particular sample was apparent when the two Error

concern were the results from testing the mean squares for each species were plotted:

: source of variation for the Preop Op X and the slope (0.944) from linear regression
i Station interactions and whether the Error was not significantly (p s 0.05) different
i terms were reasonably stable. These two from 1 (Fig. 2). Mintmal or no loss in
! terms were examined statistically with sensitivity to detect possible operational
1

! Seabrook Station Macrozooplankton :
i
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effects with a reduction in sampling was reduction to one sample per sampling date
.

further supported by the results of the F tests will not appreciably alter the results from
'

comparing the mean squares of the Error numerical classification or MANOVA
and Preop Op X Station terms (Table 6). analyses.
For both terms there were no significant (p.

10.05) differences for any species when Conclusions and Recommendations.

j mean squares were computed using three ;

j versus two replicates or three replicates The similarity in results from the three !

i versus one sarnple. Between-tows vari- ANOVAs for each selected species indicated )
ability was negligible because replicate tows that there would be minimal or no loss in !

| at the same location only a few minutes apan sensitivity to detect a potential plant operation |
j simply reflect variability resulting from gear impact if the colleenons of macrozooplankton !
| and field work procedures. If the procedures data were reduced to one sample per date at

are properly standardized and field work is each station. 'Ihe estimated variances for the,

carned out conscientiously, sample differ- critical interaction and error terms were
ences between consecutive tows should be similar with either one sample or with three I

1

( minimal. It is also important to remember replicates, suggesting that current sample
: that in Before After/ Control-Impact sampling replication was redundant. Therefore, it is
| designs, the true replication units are the recommended that macrozooplankton data

sampling dates rather than the tows on each collection be reduced from three to one
sampling date (Stewart-Oaten et al.1986). sample, per sampling date at each station.

Reducing the number of replicates (i.e., to This will not likely reduce the ability of the-.

| one sample) could also affect the taxa program to detect potential plant operational
j composition data used in the numerical impacts nor affect additional analyses (i.e..
! classification and MANOVA. Using all the numerical classification and MANOVA).

data (three replicates) collected from 1987-,

! 93, a total of 99 taxa were identified. Using References Cited :
'

| only the first replicate,97 taxa would have
- been identified. The two species lost were Freund, P.J., R.C. Littell, and P.C.

Neballa bipes (0.13% frequency of occur- Spector.1986. SAS for linear models: a'

j rence in 1510 samples) and Rhincalanus guide to the ANOVA and GLM proced-
; nasutur (0.07%); these rare species probably ures. SAS Institute, Inc., Cary, NC.
~

would have been excluded from the analyses
i based on the selection criteria for" dominant" Green R.H.1979. Sampling design and
! taxa (NAESCO 1994). Frequency distribu- statistical methods for environmental bio- !

tions of taxa using the three replicates and logists. John Wiley & Sons, New York.
;

; only one sample per sampling date were 257 p.
compared using the chi square goodness-of- 1

; fit test (Sokal and Rohlf 1969). The NAESCO (North Atlantic Energy Service '

frequency of occunence for each taxon in all Corporation).1994. Zooplankton. Pages!

samples (three replicates) was divided by 4-1 - 4-52 in Seabrook environmental stud-
three and tested against the frequency from ies,1993. A characterization of environ-

: only one sample per date. No significant mental conditions in the Hampton- 4

difference was detected (chi square = 33.7, Seabrook area during the operation of
4

i df = 98). Similarly, for the top 15 taxa Seabrook Station.
! (Table 7) which accounted for over 90% of

the macrozooplankton abundance during NUSCO (Northeast Utilites Service
1987-93, the contributions from each taxa Company). 1993. Evaluation of Sea-
showed almost no change regardless of brook Station offshore larval ichthyo-

3

| whether three replicates or one sample were plankton program. Special report prepared
used in the calculation. Therefore, the for the Technical Advisory Comm.,20 p.

,

; Seabrook Station Macrozooplankton 3
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Table 1. Calanus flamarchless copepodites: Comparison of resuhs from three analysis of varance tests.
the first based on three replicates, the second on two replicates and the third on one sample per sampling date.1987
1993.

,

Three feelicare samete,

Source of varution df MS F.vilue P
I Proopop 1 10.87 16.02 0.001

Year (Preop Op) 4 4.34 6.40 0.001

Month (Year) 66 34.18 50.38 0.001
Station 2 6.84 10.08 0.001
?reopop X Station 2 0.28 0.42 0.658
Emr 1219 0.68

Two reoliente tamoles

Source of varistinn df MS F.value P

Proop Op i 5.32 7.96 0.0054

Year (Proop-Op) 4 2.11 3.16 0.014

Month (Year) 66 22.60 33.82 0.001
1 Station 2 5.87 8.78 0.001 '

Pract@ X Station 2 0.13 0.19 0.825
Emr 788 0.67 i

-

l!

; One samole

) Source of varistina df MS F.value P
4 Preopop i 1.72 2.58 0.109

Year (Preop Op) 4 1.76 2.64 0.034
; Month (Year) 66 11.95 17.89 0.001

i Station 2 6.54 9.80 0.001 i

Preopop X Station 2 0.21 0.32 0.728
Emr 356 0.67

Seabrook Station Macrozooplankton 5

. _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ - _ _



|
1

|

Table 2. Calanst 4amarchless adults: 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.19871993. |

.

Three rentienta samnles

Source of vention df MS F.value P

Preop 4 1 6.37 4.82 0.028
Year (Preop-Op) 4 12.54 9.48 0.001
Month (Year) 66 20.92 15.83 0.001
Station 2 8.61 6.51 0.002
Preopop X Station 2 0.75 0.57 0.568
Errrr 1219 1.32

Two rentienra samoles |

|

Source of varistinn df MS F-value P !

Preop.Op 1 6.48 4.% 0.026

Year (P%) 4 9.13 6.99 0.001

Month (Year) 66 14.72 11.27 0.001
Station 2 < 3.83 2.93 0.054

~

Preopop X Station 2 1.43 1.10 0.335
Errtr 788 1.31

One samnie
.

jSource of varsarinn df MS F-vnfue P

Preop-Op 1 6.58 4.70 0.031

YearM) 4 4.00 2.86 0.023

Month (Year) 66 7.23 5.17 0.001:

Station 2 6.10 4.36 0.013
Preop-Op X Station 2 0.86 0.61 0.542
Errtr 356 1.40

,

i

.

. .

4

4

|

.
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Table 3. Carclass maenas larvae: Comparison of results from three analysis of vanance tests, the first based
on three replicates, the second oc two replicates and the third on one sample per sampling date. June through
September for 19871993.

he reelic ite tamnfet

Source of vartsrinn df MS F.value P
EiwirOP 1 4.14 5.91 0.015Year (Preop Op) 4 1.85 2.64 0.034
Month (Year) 18 5.72 8.17 0.001Station 2 1.59 2.27 0.104Preop Op X Stanon 2 0.43 0.61 0.544Emr 403 0.70

Two reoficate samnies
;

!Source of varinrina df MS F value P kPrwirop 1 3.50 4.71 0.031Year (Preopop) 4 1.46 1.% 0.101
Month (Year) 18 3.51 4.73 0.001
Stanon 2 1.41 1.90 0.151 *

Preop Op X Station 2 0.12 0.16 0.855Emr 260 0.74

One sample

Source of varinrina df MS F-value P
Precp-Op I 1.62 1.99 0.161
Year (Preop Op) 4 0.63 0.78 0.542
Month (Year) 18 1.98 2.43 0.002
Station 2 1.67 2.05 0.133
Preop-Op X Station 2 0.39 0.47 0.624Emr 116 0.81

i
i

l

.

|

Seabrook Station Macrozooplankton 7
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Table 4. Cranges septemspinosa roeae 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 sarnple per
sampling date,19871993.

Three facticate sarnoles

Source of varurinn df MS ?.value p
Preop Op 1 0.22 0.61 0.436
Year (Preop.Op) 4 2.14 5.94 0.001
Month (Year) 66 25.97 72.14 0.001
5tadon 2 15.31 42.52 0.001
Preop Op X Station 2 1.01 2.82 0.060
Ermr 1219 0.36

Two rentiente umntes

Source of varinrinn df MS F-value P-

Preopop 1 0.08 0.22 0.638
Year (Preop Op) 4 1.44 3.87 0.004

Month (Year) 66 17.29 46.58 0.001
5tation 2 11.05 29.76 0.001

-

Preop Op X Station 2 0.85 2.28 0.103
Emr 788 0 37

1

1

One samole |
|

Source of varinrinn - df MS F-value P j

Preop Op 1 0.17 0.42 0.517
Year (Preop-Op) 4 0.78 1.94 0.103

Month (Year) 66 8.77 21.80 0.001
Station 2 8.09 20.I1 0.00i
Preop Op X Stadon 2 0.36 0.89 0.410
Emr 356 0 40

Seabrook Station Macrozooplankton 5
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Table 5. Neomysis americans: 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 reeliente sarenles
*

j Source of varstinn df MS F.value P
i Preopop 1 6.58 9.87 0.002

Year (Preopop) 4 24.33 36.49 0.001,

! Month (Year) 66 8.07 12.10 0.001
1 5tation 2 93.57 140.35 0.001 i

Preopop X Stadon 2 0.02 0.03 0.970
Entr 1219 0 67,

i

i '

Two reolicate samples

*

Source of varistina df MS F.value P
Proopop 1 3.94 5.88 0.016 j
Year (Preop Op) 4 16.83 25.12 0.001

*

Mondi(Year) 66 5.58 8.34 0.001
; Station 2 69.51 103.75 0.001

Preopop X Stanon 2 0.04 0.06 0.941 -

3
' Emr 788 0.67

; QDC.5Bl!12lt

'

| Enurce of varistina df MS F.value P
: Proopop i 2.58 3.56 0.060

Year (Preop Op) 4 7.15 9.86 0.001
Month (Year) 66 2.88 3.97 0.001
Station 2 55.96 77.24 0.001,

Preopop X Station 2 0.02 0.02 0.977,

Emr 356 0.72

'

i
-

.

I

.

J

i

i

!

!-
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Table 6. Results of F tests to determine significant (P s 0.05) differences beween mean squares (MS) for enor and
interaction terms from three analysis of variance tests (ANOVA) for the selected macrozooplankton species (see
Tables 15). One ANOVA ,was based on three replicate samples collected twice a month at each station. the second
was based on two replicate samples and the third ivas based on one sample. F values were calculated by dividing the
larger of the two MS by the smaller.

Ermr term Interaction term
1 vs 3 2 vs 3 1 vs 3 2 vs 3

Sneciet F.v n te = P F-value P F-v=h= P F-value P

Calanurfinmarchicar cWjtes 1.01 0.437 1.01 0.427 1.19 0.456 1.97 0.337

Calanusfinmarchicar adults 1.06 0.24 7 1.01 0.427 1.15 0.466 1.91 0.3 14

Carcinarmarnar 1.16 0.146 1.06 .0.182 1.11 0.474 3.66 0.215
Crangon septenspinosa 1.12 0.093 1.03 0.319 2.82 0.261 1.20 0.455
Neomyss: americana 1.09 0.162 1.00 0.470 1.25 0.444 2.05 0.328

|

.

1

.

.

Seabrook Station Macrozooplankton 10
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Table 7. Comparison of reladve contribution to the macrozooplankton abundance for the top 15 taxa using three,

replicates and only cae sample. These taxa represent over 90"c of the total macrozooplankton abundance from 1987

93.
.

% Contnbution with % Contnbuuon with
Tna three reeliew sameles one samele

Centropages t>pacu 22.7 23.2
Citnpedia 18.9 16.9

Calanu)inmarehica 17.6 17.6
Cancer sp. 6.3 6.7
Temoralongicornis 5.0 5.0
Oikopleura sp. 3.6 4.1

Euatu pusiolu 3.0 3.1

Centropages sp. 2.3 2.6

Mysis mixta 2.1 1.9

Meganyctiphanes norvegica 1.9 2.0
Evadne sp. 1.8 1.8

Podon sp. 1.7 1.8
'

Carcina maenu 1.5 1.5

Mettsdia sp. 1.5 1.5

11 marina veroversa 1.2 , 1.2
.

.

.

Seabrook Station Macmzooplankton !!
i
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FIGURE 1. A map of the Seabrook Hampton area showing the location of the three stations sampled for'

macrozooplankton,1978-93.
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INTRODUCTION With the completion of the tunnel in 1984. discharge,

volume decreased and the saline component uas
The Hampton Seabrook estuary is formed by the eliminated. Since 1987. the total monthly outfall has

contluence of seseral tidal creeks. including the been consistently less than 30 million gallons. month. I

Hampton. Browns.and Blackwater Rivers and Mill in April 1994. the settling basin discharge into B row ns
Creek iFigure i1. Approximately 10% of the estuary River was eliminated, as flow was redirected through i

is open water. and the remainder is salt marsh (PSNH the Stations's circulating water system to the offshore I
1974). Seabrook Station is located on the Browns River. discharge structures. One year of post-discharge benthic l
Hampton Harbor is a shallow lagoon (roughly 1.2 miles macrofauna data will have been collected at the end
wide by 1.5 miles long, Figure 1). located behind the of 1994 (May, August. and November samplesi, a,
barrier beaches at Hampton and Seabrook. well as nine months of temperature and salinity data.

Environmental studies have been conducted in The purpose of this paper is to review the estuarine
HamptorvSeabrook Estuary since 1975, and have benthos monitoring program in light of its objectis es
included sampling of physical parameters (temperature and to make recommendations for modifications.
and salinity). fish populations. benthic macrofauna.,
bivals e larvae. and juvenile and adult soft-shell clam -

(.Wa arenarial. The purpose of these studies has been METHODS
to identify spatial and tem poral trends in the biological

communities and to evaluate possible biological effects Field / Laboratory

from the construction and operation of Seabrook Station.

Temperature and salinity measurements has e been
The source of potential impacts to estuarine collected weekly at Hampton Harbor and Browns Rn er

macrofauna near Seabrook Station has been the outfall at high and low tide from May 1979 to the present
; from the Station's settling basin, which, from 1978 (Figure 1). Benthic macrofauna were collected at
; until 1994. discharged into Browns River. During the intertidal and subtidal depths at mean low water in Ma.t !

; construction of Seabrook Station's intake and Discharge August. and November at two areas, neartield Brew n-

| Tunnels (1980 - 1983). tunnel dewatering effluent River (Station 3) and farfield Mill Creek (Staten
; discharged through the settling basin. Discharge 9. Figure 1). Collections were made from 1979 - 1 ou |
3 volumes were at their highest during this period and 1986 - 1994. Five 1/16m:(0.im depth) replicate |
| (generally 50 - 125 milli (n gallona/ month). The samples were collected by an airlift that w as fitted u i:n

effluent consisted mainly of saline water and, when a 0.79 mm mesh bag. Samples were siesed throup I
compared to receiving waters, had elevated levels of a 1.0 mm mesh screen, and all organisms were sorted.-

*

organic material and nutrients along with granite flour identified to lowest practical taxon. and enumerate.:
; from drilling activities (NAI 1980s). Toxicity studies (NAESCo 1994).

conducted in 1979 and 1980 showed an adverse effect

of the discharge erfluent at full strength on one of four!

| test species (Crangon septemspinosa.NAl 1979,1980b). Samolinz Desimm
Further testing showed no adverse effects of the,

undiluted effluent on C. septemspinosa, but decreased The sampling design for estuarine benthos relies un -

survival of .Veomysis americana (NAl 1981). No simultaneous sampling of both impacted (or near:le ,,

ads erse erTects on any of the test organisms occurred and control (or farfield) stations both before and a: *
w hen the etlluent was diluted to ambient concentrations. a potential impact, as advocated by Green ( 1070 i, .

1
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protocol was renamed Before After/ControlImpact RESULTS
IBACl) by Stewan-Oaten et al. (1986). Estuarine
benthos sampling was initiated in 1978. prior to the Physical Environment

construction of Seabrook Station at both nearfield
iBrowns River) and fartield | Mill Creek) stations. At Physical factors such as salinity precipitation.
the end of 1994. one year of samples will have been temperature and sediment texture are an important
collected following the cessation of the potential impact influence on soft bottom communities such as these
to the Browns riser from the settling basin discharge. in Hampton/Seabrook Estuary.

|

Temperatures in Browns River and Hampton Harber
'

Statistical Mg]]I2dl typically showed a seasonal pattem of lowest
temperatures in January or February, and htghest

The B ACI study design best lends itself to analysis temperatures in July or August (Figure 2). Tempera-

of variance ( ANOVA). De suitability of ANOVA has tures were warmer and more variable at Browns Ris er

been questioned by many because of difficulties in than at Hampton Harbor, which is more exposed to
i meeting its assumptions. panicularly for biological data coastal waters.

(Eberhart 1976. Hurlben 1984). More recent studies
-

suggest that a sound sampling design, one that takes Salinity had a less distinct seasonal cycle. but was

into account the biological processes involved, and good generally lowest in spring (coincident with high runeri

statistical model enhance the success of the BACI model and highest in summer, when precipitation w as lew e-
'

(Smith et al.1993. I'nderwood 1994). (Figure 3). Salinities were lower and more sanarw
1 at Browns River, which is located funher up the estuar.

The challenge in the estuarine benthos program and nearer to points of freshwater input. Salinitie, at

has been to find suitable statistical analyses to test the Hampton Harbor were higher, influenced by a hyn

hypothesis of no impact from Seabrook Station. The tidal exchange (88%), causing an influx of coastal ca

type and potential for impact to the Browns River water into the estuary (PSNH 1974).
macrofauna has varied with the salinity and volume4

#

of the discharge. as previously discussed. Natural Sediment grain size in the estuary was found to N:

variations in precipitation have also had an effect. variable and reflected habitat patchiness. Grain se

Species composition. abundance, and number of taxa ranged from medium to very fine sands, and were one

have varied among months and years in an unpredict- poorly sorted (NAI 1985).
able fashion. Nearfield and farfield stations were rarely -

-

similar w hen tested with ANOVA. Two-way analyses

o f v ariance consistently showed significant differences Macrofauna
among years and stations (NAI 1987). Since nearfield

and farfield stations were significantly different, an De benthic macrofaunal community in Browns Rw

examination of a time series ofcommunity parameters and Mill Creek was typical of estuarine soft substra:.

and density of selected species at individual stations communities throughout New England and the Atlant. .

with a one way ANOVA to test for differences among Coast (Watling 1975. McCall 1977. Whittatch 10"

years has been used to determine whether the current Santos and Simon 1980). The species assemblac.

year is significantly different from previous years. w ere dominated by small surface and subsurface den -

feeding annelids such as Streblospio benedicn. Cap:w .

capitata. Hediste diversicolor. and oligochaetes

3
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INAESCO 1994 Most of the dominants could be environmental factors that could affect the macrofaunal
characterized as opportunists, typified by rapid community. A New Hampshire Department of j
reproductise ra:es and !arge population variations. Environmental Sersices study (NHDES 1992) res ealed I

allowing them to succeed in disturbed or variable that bacterial contamination had occurred throughout
habitats. The sariations in the physical environment . the Hampton/Seabrook estuary. largely a result of failed
combined with a predominance of opportunistic species septic systems. A previous survey (NHDES I480i
has led to large s ariations in total density and density indicated that nonpoint sources such as urban and
of dominant taxa among seasons and among years agricultural runoff. boat discharges. and waterfowl
rFigure 4). Variations at the nearfield Browns River domestic fowl as well as various point sources ms>
Station generally par:lleled those at the farfield Mill contribute to bacterial contamination and nutrient input

Creek. suggesting a response to area-wide changes in in Hampton/Seabrook estuary. These sources may enrich

physical or biological conditions rather than site-specific the area with organic material, which would result in

conditions. There has been no evidence of an effect changes in the macrofaunal community. The ability
from Seabrook Station's settling basin. of the estuarine monitoring program to detect impacts !

'directly related to the operation of Seabrook Station
is confounded by these and other influences.. , .

'

DISCL'SSION !

The Scabrook Station Technical Adsisory Committee. |

The estuarine benthos monitoring program was made up of state and federal regulations. has indicateJ

designed to evaluate possible effects from Seabrook that one year of estuanne macrofauna collections w ould

Station's settling basin discharge. During the period be required following the cessation of settling i a>m
from 1980 - 1982. the discharge volume was at its discharge before termination of any program in Brow n-

highest level. and w as highly saline, with elevated levels River and Mill Creek would be considered. These
of nutrients and suspended solids (NAI 1980a.b). At samples will have been collected by Nosember 14% i

the same time, precipitation levels were at their lowest. and the assessment of the 1994 program will be
resulting in higher than average (and less variable) available for review as part of the 1994 Operational

: salinity in the Browns River (no salinity data are Report, to be completed by September 1.1995. Thi,
'

available for Mill Creen). Macrofaunal number of taxa additional year of data is not expected to change ;

and total density were at their highest during this period conclusions developed to date. The estuarme
at both stations. This apparent change in natural macrofaunal community is subject to many environmen-

,

environmental conditions likely caused the rapid influx tal (abiotic and biotic) influences, which have resulted

of large numbers of opportunistic species including in high natural variability. While Seabrook Staten
Streblospio benedicti and oligochaetes, contributing may have influenced the local macrobenthic community

to high total density. In addition, species typical of in Browns River during the height of tunnel dewatenng.

offshore waters appeared, resulting in high numbers similarities in trends in total density and numbers 0:<

of taxa. taxa between Browns River and Mill Creek indicate
that other aree wide influences were likely contributine

Since 1985, the estuarine benthic community has factors.

continued to show high variability in numbei of taxa
and total density. In 1993. densities were higher than

as erage and numbers of taxa were lower than average

at both stations but both were within the range of the

16 year time senes. There are a number of other

| 6
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: CONCLUSIONS AND RECOMMENDATIONS
.1980b. Effects of Seabrook Station's

'

settling basin effluent on survival of selected marine
i The cessation of all disch'arges to the Browns Riser I"V'dE"". Tech. Rpt. XI-4 Seabrook Ecological
j has eliminated any potential impact due to the operation '''

of Seabrok Station. While NAESCo has continued
2

1981. Effects of' effluent dischargedi to monitor the balanced indigenous macrofauna from Seabrook Station's settling basin on surs 5 al
community in Brons River. a request that the program of selected marine invenebrates. Tech. Rpt. Xil 5.

{ be deleted from the 1995 Monitoring program is Seabrook Environmental Studies.1981.

) prudent based on the lack of potential impact within
these communities. Monitoring of Hampton Harbor .1985. Seabrook Environmental Studies.s

1986. A Characterization of baseline conditions'

temperature, salinity, estuarine fish, and the soft shell in the Hampton Seabrook Area. 1975 1984 A
clam population will continue until further analysis preoperational study for Seabrook Station. Tech.I
justifies a reduction in this effort. Rep. XVI-II.

4

1987. Seabrook Environmental Studies.'

1986. A Characterization of baseline conditionsREFERENCES CITED
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Mixed Effects ANOVA Model Proposed for Analyzing Seabrook Station:

Environmental Data Collected under the BACI Sampling Design

;
.

Introdu'ction an ongoing discussion in the marine research
and ecological literature regarding several

A review of statistical methods currently perceived problems of BACI designsused to analyze Seabrook Station environ- (Underwood 1991,1992,1994: Smith et al.
~

mental monitoring data was conducted by 1993). The most important criticism. lack of
NU Aquatic Services Branch personnel temporal replication (Hurlbert 1984), wasduring the summer of 1994. The focus of resolved by increasing the number of
this review was the fixed-effects ANOVA sampling dates ani adapting the statisticalmodel used to analyze the Before After/ analysis to accommtwh e a random source oft
Control-Im pact data in several sections of the variance labeled " time" or " sampling dates"
1993 Sea 3 rook Environmental Studies (Stewart-Oaten et al.1986; Underwood
Report. This review was motivated by some 1991, 1992). However, new concerns with
questions regarding the assumption of fixed the lack of agreement among control stations
effects (instead of random or mixed), by the before and after an impact and with how to
recommendations of Dr. LP. Geaghan deal with spatial variability in the data
(Louisiana State University) in his January analyses have been raised recently by Smith1994 report to Normandeau Associates Inc

et al. (1993) and Underwood (1994).(NAI), and by Underwood's (1994) sugges ,E,- It has been clear since Stewart-Oaten et al.tion of treating spatial variability among (1986) that sampling dates were the unit of"
stations as a random effect for the purpose of reoliention in BACI designs and, thus,
testing with ANOVA models. This report temporal effects should be modeled as
summarizes results of the above mentioned random factors (Snedecor and Cochran 1967:review and proposes to replace the current Underwood 1981). Regarding the ANOVAs !

,

fixed-effects ANOVA model with an used to analyze Seabrook's environmenta'
extended model which has an added term and data, Dr. Geaghan's recommendation to NAI ia mixture of fixed and random effects was to treat all effects involving " time"(i.e..
(mixed effects model). Implications of the Year and Month) as random effects.proposed change of models are briefly Although this change would represent an
discussed, and several examples of ANOVA improvement over the current fixed effects
results from applying both current and ANOVA model, the concerns raised byproposed models to 1993 Seabrook data are Underwood (1994) with regard to theprovided. treatment of spatial variability when more

than two stations are sampled would remain
Review of Methodology unaddressed. Underwood (1994) argued

that the source of variation Stations in anMany sampling designs have been ANOVA model should also tie treated asproposed in the literamre to address the need random because the sites selected onlyfor detecting environmental disturbances represent a " sample" of all possible locations
caused by human activities, but most widely in the area of study where the monitored
used experimental designs during the last 15 species can be found. An important consider-
years have been based on Green's (1979) ation in favor of declaring stations a random
Before After/ Control-Impact or BACI factor is that treating them as a fixed effect
sampling scheme (Underwood 1994). restricts statistical inference to the specitic !Following the critical reviews of BACI locations where samples were collected.
applications provided by Hurlbert (1984) and effectively " reducing" the study area. ;

Stewart-Oaten et al. (1986), there has been Conversely, plant status (i.e., the Before/ l

Seabrook Station ANOVA Model ! !

i
)
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,

1 After effect)is a fixed factor because there available SAS computer programs (SAS
- '

j are only two possible times relevant to 1990). We used the GLM Frocedure.
i assessing plant impacts, either before or after Version 6 in SAS (1990) to apply the

the plant began operanon. proposed ANOVA model to seven different !
'

data sets from the 1993 Seabrook Environ- !

| Evaluation of the Proposed ANOVA mental Studies Report (NAESCO 1994).
1 Model The results of these seven ANOVAs are
! summarized in Table 3 and compared with
| The mixed-effects ANOVA model that results from NAESCO (1994) for the same
2 would result from im slementing both data sets analyzed with the fixed-effects

Genghan and Underwooc's (1994) recom- ANOVA model. In two instances, for the
,

mendations would have, for the Seabrook Ichthyoplankton and Macroalgae data sets.'

data, one fixed effect (plant status or Preop- the proposed model provided a more'

Op effect) and all the other terms in the sensitive F-test for the interaction Preop.O p
j model treated as random factors (Table 1). X Station. In all other examples presented

ne most obvious consequence of adopting in Table 3 the current fixed effects model;

i such a mixed model wouLd be that many F- provided the most sensitive tests for the
i test ratios would have denominators different interaction. Except for ,Mytilidae , density.

from the residual or error mean squares however, the reducu,ons in senstuvity were
,

*

currently used for all the tests. The different only moderate or marginal and they did not;

| F-tests for Seabrook data resulting from a change the significance of the F-tests.
{ completely fixed model (i.e., the current Although the effect of applying the proposed
: model) and from the application of models model will depend on each particular data set., i

i

la) and Ib) in Underwood (1994) are in general, a small loss of the apparent power4

summarized in Table 2. Following sugges- of the F-tests should be expected. The rea-
i tions from both Dr. Genghan and son for this loss is that some of the temporal
; Underwocd (1994) the proposed ANOVA variability among stations is assigned to the '

model would include the new term labeled new interaction term Year (Preop.Op) Xi
' Year (Preop.Op) X Station in both Stations rather than to the residual or

Tables 1 and 2. His new term provides the " unexplained" variance component. Since

i mean-squares needed for the F-test of the the mean-squares corresponding to this new
,

interaction Preop-Op X Station in the two interaction is now used in the F-test andi

i mixed-effects models described in Table 2. tends to be larger than the residual mean-
: This interaction is the most critical term in squares previously used, the calculated F-
i ANOVA models for BACI designs because values will be smaller. The actual SAS
! its statistical significance would indicate a programming code recuired for the above
j sossible slant impact (Green 1979; analyses is listed in Tab e 1.
; Jnderwoot 1994). It is also important to
: note that the mixed model, with only Year Conclusions and Recommendations
; and Month as random effects (Table 2),

would not provide tests for the two main The continued use of a completely fixed-
,

effects Preop Op and Station. By effects ANOVA model for the analysis ot'!
contrast, the proposed model (on the right- Seabrook environmental data is not'

hand column of Table 2) provides tests for all supported by recent literature (Smith et al.
the sources of variation. 1993; Underwood 1994). Despite some

Although ANOVAs with mixtures of fixed occasional apparent loss of sensitivity relatis e
and random effects can be computationally to the current ANOVA model, the mixed-
very demanding, especially in situations effects model should result in more objective4

where the data are not balanced, the analyses data analyses and more reliable test results.
of Seabrook data could be easily handled The most important consequence of applying<

with the newest version of the widely this ANOVA model would be that statistical
:

Seabrook Stanon ANOVA Model
' '

..

i
,

i
'
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inference based on F-test results would .
correctly apply to the entire area of study Snedecor, G.W. and W.G. Cochran. 1967.

Statistical n.ethods. Sixth Edition.instead of being restricted, as with the current
University of Iowa Press, Ames, Iowa,model, to the specific locations where 593 p.

samples are collected. We propose that, f
- starting with the 1994'Seabrook Environ- Stewart Oaten, A., W.M. Murdoch, and
mental Studies, the Before After/ Impact- K.R. Parker. 1986. EnvironmentalControl data be analyzed with a mixed-effects ! impact assessment: "pseudoreplication in
ANOVA model which includes a new term time? Ecology 67:929-940.Year (Preop Op) X Station and where
Preop-Op is the only fixed effect. Underwood, A.J. 1981. Techniques of

analysis of variance in experimentalReferences Cited biology and ecology. Annual Review of

Green, R.H.1979. Sampling design and Oceanography and Marine Biology
19:513 605.

statistical methods for environmental
biologists. John Wiley & Sons, New Underwood, A.J. 1991. Beyond BACI:York, NY.,257 p. experimental designs for detecting human

Hurlbert, S.J.1984. Pseudoreplication and environmental impacts on temporal varia-
tions in natural populations. Australian

the design of ecological field experiments. Journal of Marine and FreshwaterEcological Monographs 54:187-211. Research 42:569-587.

NAESCO (North Atlantic Energy Service Underwood, AJ.1992. Beyond BACI: the'Corporation). 1994. Seabrook environ- detection of environmental impacts onmental studies,1993: a characternation of populationsin the real, but variable, world.
environmental conditions in the Hampton. Journal of Experimental Marine BiologySeabrook area during the operation of and Ecology 161:145-178. ;

Seabrook Station.

SAS Institute Inc.1990. SAS/ STAT User's
Underwood, A.J.1994. On beyond BACI:

|

Guide, Version 6. Fourth Edition. Vol. 2 sampiing designs that might reliably detect I

environmental disturbances. EcologicalGLM VARCOMP. SAS Institute Inc., Applicatior.s 4:3-15.
Cary, North Carolina,1686 p.

'

Smith, E.P., D.R. Orvos, and J. Cairns, Jr.'

1993. Impact assessment using the Before-
After-Control-Impact (BACI) model:*

:
l

concerns and comments. Canadian
Joumal of Fisheries and Aquatic Sciences

| 50:627-637. .
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i

. Table 1. Compenson between the cunent fixed-effects ANOVA and the proposed ANOVA modelin which the only

]
fixed effect is plant operational scams.

,

I Cunent ANOVA Modela Proposed ANOVA Modelb

' '

Typeof Sources of Type ofSourcesof
Vasa,6 m are= Vadarina Errem

! Preopop Faed Preop-Op Fixed
! Year (Preopop) Fued Year (Preopop) Random
j Monsh(Year) Fixed Month (Year) Random

Station Fixed Station Random
! Preopop X Station Fixed Preop-OP X Station Random

Year (Proop Op) X Stanon Random

x .

* SAS pr ramming code for current model:
s.

i Proc GLM:
Class Freop-Op Station Year Month:
Model = Preop-Op Year (Preop Op) Month (Year) Station Preopop* Station / SS3;

1

b SAS programming code for proposed model: ,
;

Proc GLM: -

Class Proop-Op Station Year Month;

,

Model = Preopop Year (Proopop) Monta(Year) Station Preop Op* Station Station * Year (Preop Op) / 553:

| Random Year (Preop Op) Month (Year) Station Proopop* Station
: Station * Year (Preop Op)/ Test: -

1
.

!

Table 2. Correct mean squares denominators for F test ratios in Seabrook's ANOVA model for three different,

combmanons of fixed and random effects.'

I

!

I 9. adam Kffmere in the ANOVA Madel

!

Sosceof Yearand Year, Month
; Van-aaa Na una.h and seneian
,

'

Proop Op Escr No test Esumatede
Yes(Proopop)r Ener Esumated* Esumasede4

Month (Year) Escr Ermr Erior
Station Encr No test Preopop X Station

,

i Proopop X Station Ermr Year (Preopop)X Station Year (Preop Op)X Station
Year (Proop Op)X Station Enor Enor Encr.

i 1

|

'

e Esnmated by SAS using a lineer combinanon of two or more mean-squares (mean-squares are the
vanance components conespondag to each w or sowce of vananon in the ANOVA madal).

i

i

Seabrook Stanon ANOVA Model 1

i -
;
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Table 3. Examples of analysis of vanance results companng the proposed ANOVA model to the current model
(P s 0.05 denotes a significant effect).

Source of PmnmM MnM (mixed Cunent MW mrem
Varistina MS F.nhe P MS F.nhw P

Macrorooplankton Crangon septenupuioss zoese and postlarvae

!Preopop 0.08 0.11 0.764 0.08 0.25 0.618
Year (Preopop) 0.71 0.08 0.988 0.71 2.28 0.%1 '

Month (Year) 8.66 27.87 0.001 8.66 27.78 0.001
Stadon 5.08 15.12 0.062 5.08 16.30 0.001
Preop Op X Stadon 0.34 0.95 0.426 0.34 1.08 0.341
Year (Preop OP) X Station 0.35 1.14 0.337 . . -

Error 0.31 0.31

Ichthyoplankton Amencan sand lance larvae
)
!Preop Op 0.04 0.04 0.856 0.04 0.08 0.779' |

Year (Preop.Op) 0.91 0.24 0.937 0.91 1.67 0.141
Month (Year) 4.11 7.41 0.001 4.11 7.58 0.001
Stanon 2.42 5.08 0.165 2.40 4.43 0.013 |Preop-Op X Station 0.47 2.21 0.163 0.48 0.89 0.410

'

Year (Preop-OP) X Staden 0.22 J.39 0.949
|

- - . ,

Enor 0.55 0.54
{

Seines Winterflounder

Preop.Op 1.28 6.24 0.076 1.28 9.54 0.002
YeadPreopOp) 0.25 0.72 0.737 0.25 1.85 0.037

.

Month (Year) 0.32 2.43 0.001 0.32 2.39 0.001
Station 0.14 1.31 0.479 0.14 1.03 0.359
Preop-Op X Station 0.!! 0.73 0.494 0.11 0.84 0.431
Year (Preop 4P) X Stadon 0.16 1.19 0.251 - - -

Enor 0.13 0.13

Gillnets Atlantic herring

'

PreopOp 3.09 2.35 0.14 5 3.09 78.94 0.001
Year (PreopOp) 1.32 4.21 0.001 1.32 33.76 0.001
Month (Year) 0.28 7.86 0.001 0.28 7.23 0.001
Station 0.10 1.97 0.400 0.10 2.55 0.079
Preop-Op X Stadon 0.05 0.82 0.451 0.06 1.41 0.246
Year (PreopOP)X Station 0.07 1.85 0.005 - - -

Enor 0.04 0.04
;

(condnued)'
,

Seabrook Station ANOVA Model 5
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Table 3. (Condnued) |

Souge of Prmoted Model(mired) Current Meel(fixed)
Vanneinn MS F.vslue P MS F.value P

Trawls Winnerflounder .

I
Proopop 0.38 0.53 0.519 0.38 9.77 0.002 '

Year (Preopop) 0.26 1.54 0.113 0.26 6.59 0.001
Month (Year) 0.09 2.93 0.001 0.09 2.34 0.001
5tadon 0.59 0.9I 0.529 0.40 10.14 0.001
Proopop X Stanon 0.58 5.24 0.011 0.56 14.32 0.001
Year (Preop 4P) X Stanon 0.11 3.47 0.001 - - -

Enor 0.03 0.04 |

Macroalgae Chondrw crispus biomas Shallow subddal (B17, B35)
;

Proopop 176.35 5.80 0.180 163.46 3.87 0.050
Year (Preopop) 58.27 0.35 0.973 58.35 1.18 0.167

'

Mwh(Year) 179.32 4.22 0.001 179.32 4.24 0.001
5tanon 1160.06 7.77 0.46I i129.64 26.73 0.001
Preop-Op X Stanon 3.35 0 10 0.762 2.81 0.07 0.797
Year (Preop 4P) X Season 34.87 012 0.597 - - -

*#Enor 42.48 42.26 ,

Macrofauna Myulidaedensity Mid<$epth(B19,S31)

Proopop 2.46 0.35 0.578 2.46 6.55 0.011

Year (Preopop) 5.42 2.34 0.033 5.42 14.42 0.001

Month (Year) 1.19 3.57 OM01 1.19 3.17 0.001
-

Stanon 814 2.95 0.364 7.06 18.79 0.001

Preop-Op X Station 2.64 1.68 0.219 3.03 8.05 0.005
Year (Preop 4P) X Stadon 1.48 4.42 0.001 - - -

Etxt 0.33 0.38

.

Seabrook Station ANOVA Model 6
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i Nortli North Atlantic Energy Service Corporation-

- g.o. ,3oo
- Atlantic Seabrwk, NH 03874

i (603) 474-9521,
j

! The Northeast Utilities System
a

,

: NYE 95006
4

4

| March 17,1995
. .

! Mr. Edward K. McSweeney ,

! Wastewater Management Branch
U.S. Environmental Protection Agency >*

i

) John F. Kennedy Building
Boston, MA 02203

i

| Subject: Salinity Monitoring at Seabrook Station
.

'
Dear Mr. McSweeney:

I i
; Dunng the March 9,1995 meeting between Mr. Gerald Potamis, et al and representatives of North ii

*'
Atlantic Energy Service Corporation (North Atlantic), the operator of Seabrook Station, several aspects-

| of the environmental studies program at Seabrook Station were dian=aad One aspect of the program j

|
discussed at the meeting was the requirement to take salinity and temperates measurements at plankton
monitcring stations P2, PS, and P7 (Figure 1) during each of the four monthly monitoring trips.

i
,

Histoncally, only near surface and near-bottom salinity data have been reported in the Annual Sdook'

: Station Environmental Studies Reports submitted to the regulatory agencies. In addition, while salinity i

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.
i ;

i Durmg the March 9,1995 meeting, North Atlantic 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 analyasd in the laboratory for increased reliability over field measuranents. North

| Atlantic stated that only near-surface and near-bottom salinity data would be collected and reported (as
! this was histoncally 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

! purpose of this letter is to document this understanding as requested by the EPA at the March 9,1995
' meeting.

-

<

4

3

) 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,;

|
>

'h'h
! R. Jeb DeLoach
i Duector - Special Projects

:

RJD. RAS /act
; Attachertent

!

-. . . . _ . -
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U.S. Environmental Protection Agency March 17,1995
Attention: Mr. Edward K. McSweeney Page two

i

:
t .

; cc: Dr. John Tietjen Dr. Saul Saila {
3 134 Palisade Avenue 317 Switch Road '

Leonia, NJ 07605 Hope Valley, RI 02832

Dr. W. Huntting Howell Dr. Robert Wilce,

1
*

12 James Farm Department of Biology '

Lee, NH G3824 221 Morrill Science Center,.

University of Massachusetts '

Amherst, MA 01003

! Dr. Bemard J. McAlice Mr. Ted C. Feigenbaum !

3 Darling Marine Center Senior Vice President and I
; University of Maine Chief Nuclear Officer !
; Clarks Cove Road North #h Energy Service Corporation
| Walpole, hE 04573 P.O. Box 300
} Seabrook, NH 03874

Mr. Jeffrey Andrews Mr. Nicholas Prodany
: Supervisor, Industrial Permits Section Permit Compliance Section

Dept. of Environmental Services Environmental Protection Agency
-

Water Supply & Pollution Control Division John F. Kennedy Building
6 Hazen Drive Boston, MA 02203

| Concord, NH 03302
.

*

Mr. Robert Estabrook Mr. Eric Nelson
Dept. of Environmental Services National Marme Fishenes Service j
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North Atlantic Energy Service Corporation

, @1 North ,

iP.O. Box 300 '

.Atlantic Seatroot Na o3874
!

(603) 474-9521'

The Northeast Utilities System

NYE-95011
!

May 18,1995
i
;

I
i

Mr. Edward K. McSweeney, Chief j

Wastewater Management Branch
'

United States Environmental Protection Agency
i

J. F. Kennedy Federal Building
Boston, MA 02203

1

References: (a) Seabrook Station NPDES Permit No. NH0020338
1

(b) EPA Letter dated May 17,1993, " Proposed 1993 Biological Monitoring Prog.m I

Seabrock Station, NPDES Pennit NH0020338," E. K. McSweeney to R. J. !

DeLoach

(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 environmental monitoring contractor, Normandeau AssociatesInc., 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 Ha.%r 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.
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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 y'yours,

!

'Ay ,1

'

Bruce L. Draw e

Executive Director i

Nuclear Production i

BLD/JMP:sm

1

j
1

i

l
!
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US Environmental Protection Agency [

May 18,1995 '

Attention: Mr. Edward K. McSweeney
Page three ;

;

i cc: Dr. John Tietjen Dr. Saul Saila
,

134 Palisade Avenue
-

317 Switch Road
Leonia, NJ 07605 Hope Valley, RI 02832 f

,

! Dr. W. Huntting Howell Dr. Robert Wilce
i

12 James Farm,
Department of Bioingy i: Lee, NH 03824
221 Morrill Science Center

! University of Massachusetts t
, Amherst, MA 01003
i

S
Dr. Bemard J. McAlice Mr. Ted C. Feigenbaum
Darling Marine Center

Senior Vice President and

|-
University of Maine Chief Nuclear OHicer

-

Clarks Cove Road !

North Atlantic Energy Service Corporation
Walpole, ME 04573 P.O. Box 300

:j Seabrook, NH 03874

i Mr. Jeffrey Andrews Mr. Nicholas Prodany; Supervisor, Industrial Permits Section Permit Compliance Section1 Dept. of Environmental Services
Environmental Protection Agency4 Water Supply & Pollution Control Division John F. Kennedy Building

; 6 Hazen Drive Boston, MA 02203
Concord, NH 03302 ,

'

,

Mr. Robert Estabrook Mr. Eric Nelson !

.

Dept. of Environmental Services
National Marine Fisheries Service

'

1 Wrter Supply & Pollution Control Division Northeast Region
.

j 6 Hazen Drive One Blackburn Drivei Concord, NH 03302 Gloucester, MA 01930
1

.
1 Dr. Edward Schmidt Mr. Jack Paar

Dept. of Environmental Services
Environmental Protection Agency

Water Supply & Pollution Control Division
60 Westview Streetj 6 Hazen Drive ,

Lexington, MA 02173i Concord, NH 03302 ,

!,
,

Mr. John Nelson Ms. Marcia Bowen |; NH Fish and Game Department Normandeau Associates,Inc.
37 Concord Road 38 Lafayette Street
Durham, NH 03824

P.O. Box 202
,

Yarmouth, ME 04096 -

.
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North Nas Atlantic Enug Smice Cwpwation
s: P.O. Box 300.g Atlantic Seasroot. Na 03874

(603) 4 4-9521

The Northeast Utilities System

NYE- 95017

August 1,1995 |

Mr. Edward K. McSweeney, Chief
Wastewater Management Branch
US Environmental Protection Agency
John F. Kennedy Building
Boston, MA 02203 J

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

1

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

.

(c) Nonh 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) Nonh Atlantic letter NYE-95009, dated May 5,1995, " Impingement Monitoring l
!

at Seabrook Station," B. L. Drawbridge (North Atlantic) to E. K. McSweeney

(f) Nonh 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:

Nonh Atlantic Energy Service Corporation (North Atlantic) provides herein the 1995 Seabrook
Station Environmental Studies Program Semi-Annual Repon as required by Part I.A.11.e. of the NPDES
Permit. This repon 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 repon. ]

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 submitted later this
year.

_ _ _ _ _ _ _ - _ _ - _ _ _ _ _ - _
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l
:

US Environmental Protection Agency August 1,1995

Attention: Mr. Edward K. McSweeney Page two i

I
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 of commercial operation, the Environmental
Studies Program continues to demonstrate that Seabrook Station has not had a deleterious 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 rames Peschel, Regulatory Compliance Manager at (603) 474-9521, extensi= ?m

V ly yours, I

/

Bruce . D--4ridy

Executive Directo
Nuclear Production

BLD: RAS /act

Attachment
.

!



US Environmental Protection Agency August 1,1995 |

Attention: Mr. Edward K. McSweeney Page thrre

'

cc: Mr. Jeffrey Andrews Mr. Nicholas Prodany

Supervisor, Industrial Permits Section Permit Compliance Section |
'

Dept. of Environmental Services Environmental Protection Agency

j Water Supply & Pollution Control Division John F. Kennedy Building,

6 Hazen Drive Boston, MA 02203 1

- Concord, NH 03302 ;

i

! Mr. Robert Estabrook Mr. Eric Nelson

Dept. of Environmental Services - National Marine Fisheries Service
*

Water Supply & Pollution Control Division Northeast Region'

: 6 Hazen Drive One Blackburn Drive

j Concord, NH 03302 Gloucester, MA 01930

Mr. John Nelson Ms. Marcia Bowen

: NH Fish and Game Department Normandeau Associates,Inc.

37 Concord Road 38 Lafayette Street

Durham, NH 03824 P.O. Box 202.

1- Concord, NH 03302 Yarmouth, ME 04096
,

f Dr. Edward Schmidt Mr. Ted C. Feigenbaum

Dept. of Environmental Services Senior Vice President and'

. Water Supply & Pollution Control Division Chief Nuclear Officer

! 6 Hazen Drive North Atlanne Energy Service Corporanon |

Concord,NH 03302 P.O. Box 300
'

i

Seabrook, NH 03874
i

:

| Mr. Jack Parr

| Environmental Protection Agency
i 60 Westview Street

! Lexington, MA 02173
i

Seabrook Station Ecological Advisory Committee:

| Dr. John Tietjen Dr. Saul Salla
1 134 Palisade Avenue 317 Switch Road

Leonia,NJ 07605 Hope Valley, RI 02832-

Dr. Bernard J. McAlice Dr. Robert Wilce-

,
Darling Marine Center Department of Biology

| University of Maine 221 Morrill Science Center

Clarks Cove Road University of Massachusetts

Walpole, ME 04573 Amherst, MA 01003
,

Dr. W. Huntting Howell
12 James Farm

| Lee, NH 03824

_ - - . . .
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BIOLOGICAL MONITORING PROGRAM
i

The preliminary review of the results of the 1995 Environmental Studies Program to date has not ;4

i identified any significant changes or results when compared to the final results from previous years.
'

!
3 During the November 10,1994 Technical Advisory Committee meeting, North Atlantic proposed

four modifications to the Environmental Studies Program. North Atlantic sub equently submitted the
proposed changes in the form of four Technical Review Papers [ Reference (b)] on October 27,1004. The

,

proposed program modifications were:
,

q

1. 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 [Referen:e

!. (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 oni

the environment in this area. In addition, North Atlantic committed to provide a final report on this
'

1.

monitoring program in the near future. The final report, " Estuarine Studies," supports the preliminary
evaluation and is enclosed as Attachment 1.

(
In late 1994, North Atlantic identified deficiencies in the manner in which the on-site fish

impingement portion of the Paological Monitoring Program was being implemented. At the November
10,1994 Technical Advisory Committee Meeting and in subsequent meetings with TAC members, North

,

j 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,'

i 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 with4

the majority smaller than 15 cm. in lengtin Since that time (May 2,1995 to July 17,199f), approximately
,

2 700 fish were impinged with the majority again smaller than 15 cm. North At'.ardc believes that the
significant difference between the number of fish impinged in the winter months 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 (Aging
sentus) 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. De impingement
of these shrimp was identified through the implementation of the anhaa-i impingement evaluation

.

l

.. ,, - - - . - - . - -
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i|
,

I
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 19044

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 Atlantic believes that this consolidation

of environmental monitoring and oversight responsibility will ensure effective entrainment sampling and<

; monitoring.

HYDROLOGICAL MONITQRING AND CHLORINE MINIMI7A110N PROGRAMS |
|

The Hydrological Monitoring Program and the Chlorine Minimization Program have not been2

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 constmetion and operation of the Seabrook Station. The
,

discharge of emuent 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 controlled 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 Streblaspio benedicti, Capitella eqpitata,
4

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.
4

.

d

4

.

,, _,
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; ESTUARINE STUDIES :

i
!

L I.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, andjuvenile and adult soR-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 .

EleRheriou 1989). Impact assessments,in general, are oAen 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 senes 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).
I
I

The discharge of effluent from the power plant's sewage treatment plant and settling

basin into the Bmwns River had the potential to be a measurable impact on the estuarine benthic |

communities in the P.ampton-Seabrook estuary. De 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 tunnels (1979-1983), the outfall became more saline due to I

dewatering of the tunnels, and volume of the discharge increased greatly. De effluent also
1contained higher than average levels of organic matenal, nutrients (nitrate, nitrite, and phosphate)

iand suspended solids, which consisted mainly of granite rock flour from tunnel drilling (NAI

1980s, 1981). Bionssays using imdiluted effluent from the settling basin indicated that such

effluent adversely affected sand shrimp (Crangon septemspinosa), but not soA-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 charactenze the abundance and

species composition of macrofaunal communities in the Hampton Harbor estuary, to identify

.

1

.
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spatial and temporal pattems in community structure and abundance, and to usess 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. Estuarine 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 (OC) 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).

!

! Benthic macrofaunal sampling stations were located at Browns River (nearfield), just

downstream fmm 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 (Bmwns River

Station 3, Mill Creek Station 9) and intertidal areas at mean low water (Browns River Station

3MLW, Mill Creek 9MLW) in May, August, and November since 1978 (excluding 1985, when
2

j sampling was suspended). SCUBA divers collected five samples (25 cm 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).

2



._. ... - . . -- . . - - - . - - - - _ . - _ . - - - .

.

2.2 ANALYTICAL METHODS
1
!

Weekly measurements of surface water salinity and temperature were averaged by

month, and pattems of monthly and annual means were examined. Annual mean densities

(No/m ) of the total number ofindividuals and of dominant macrofaunal taxa wem computed by2

averaging the log 10 (x +1) transformed seasonal densities. De number of taxa in each season was

computed by pooling all five samples collected by the divers; the three seasonal values (May, 1

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 s 0.05) between years were evaluated using

the Waller Duncan k-ratio t-test (SAS Institute Inc.1988).
\*

)

3.0. RESULTS AND DISCUSSION

3.1 PHYSICAL ENVIRONMENT
|

" ''4*v. Temnerature. med F.- ' "="== i

Monthly averages of surface water salinity and temperature at high and low slack tides;

j 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 pattems of precipitation were

investigated using rainfall data collected at the Seabrook Station meteorological tower. He 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. He patterns observed in 1994 and 1995 were similar to long-
j

term averages, where monthly salinities wem 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). Concunently, 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
;

3
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precipitation. In October 1994, when precipitation was well below average, salinity values u

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 to 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 as erage 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. De 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 15-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. De temperature at Hampton Harbor in 1994 ranged from 0.6'C in Jarmary to 20.I'C

in August (Figure 3). 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.I'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,
0water 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

4
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fanher 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.

,

3.2 MACROFAUNA

i

The general macrobenthic community structure at both nearfield (Browns River 3 and

3MLW) and farfield (Mill Creek 9 and 9MLW) stations in the vicinity of Seabrook Station were

typical for East Coast estuarine areas with fine-grained sediments (Watling 1975; McCall 1977;

Whittatch 1977; Santos and Simon 1980; Whittatch and Zajac 1985). Sediments at subtidal

stations were generally fine sand with organic carbon ranging from 1.0 to 2.7%; at intenidal

stations the sediments usually varied between fine sand and silt with organic carbon ranging from

1.6 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).

2 at all sites combinedTotal mean macrofaunal density averaged 4,961 individuals /m
2

during 1994, and was within the range of densities reported since 1978 (995-8,424/m ; Table 2).
2

More organisms were collected during 1994 at the intenidal stations (nearfield: 8,452/m ; farfield:.

2 2 25,281/m ) 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/m ), continuing the trend of above average abundances that began in 1991 (Table 2). The f2

1982 density at the Browns River intertidal station was similar (8,022/m ) to that observed in |2

\'

1994. ;
'

,

1

l
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.

,
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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).
1

Mean numbers of taxa at all sites during 1994 were within the range for the 16-year time series j

(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 |
Iobserved at the intertidal stations and similar to years with intermediate and low numbers of taxs

at the farfield subtidal stationc 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.
I

!
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 .

f

Grassle 1974), S. benedicti is able to rapidly colonize perturbed estuarine environments, and high |

cmdance of this species has also been suggested as an indicator of organic enrichment (Wass

1967). 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 ofS. benedicti were substantially higher at the neartield

Browns River stations (135/m and 2,235/m at subtidal and intertidal areas, respectively) than |
2 2

2 2at the farfield Mill Creek stations (12/m and 43/m , respectively; Table 2). High abundance of i

|

S. benedicti at the nearfield intertidal station in 1994, a trend that began in 1991, contributed to j
0

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

2(12/m ) 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
2

high population fluctuations of S. benedicti, particularly at farfield intertidal (e.g., 3,215/m n

21983 to 11/m n 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
I

organically enriched shallow-water marine habitats, feeding on microbes that colonize organic

6
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I

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 11% of the total number of individuals collected at both intertidal and subtidal stations.
2Densities of oligochaetes during 1994 at nearfield Browns River subtidal(361/m ) and intertidal

2(546/m ) sites were within the range of previous study years (Table 2). At the farfield subtidal ;

2-site, however, oligochaete density during 1994 was i14/m , within the range of previous years
2but considerably lower than the 1,407 individuals /m collected intertidally (9MLW). Significant

annual differences in oligochaete density were observed only at the Mill Creek farfield 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.'

IThe 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
2at 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 (9MLW; Table 3). Density

of C. capitata 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 Nercis) 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). E diversicolor is a common member

of the macrofaunal community in Hampton-Seabrook estuary, with densities during these studies

2averaging over 100/m . During 1994, mean densities of R diversicolor at the nearfield Browns

7
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2River subtidal and intenidal sites were 118 and 1,934/m , respectively, and were considerably

2 2higher 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 E diversicolor at all stations

were within the range of previous study years (Table 2). The 1994 density was the highest

recorded at the nearfield Browns River intenidal 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 (3MLW), where H

diversicolor was consistently most abundant (ANOVA results; Table 3). In 1994, densities of E f
diversicolor at the nearfield and farfield subtidal stations were among the years of highest density. )
At the farfield intenidal station, density in 1994 was among the years ofintermediate density. f

;

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 W shellfishing in 1994. The predominant life stage of M arenaria

collected in estuarine samples were young-of-the-year (spat <5 mm) andjuvenile clams (<l2 mm).
2 2

Mean clam densities during 1994 at the nearfield subtidal(25/m ) and intertidal sites (51/m ) and

2 2
at farfield subtidal site (17/m ) were lower than the farfield intertidal site (398/m ). Annual

densities of M arenaria were significantly different at only the farfield intertidal station (Table

3). Densities in 1994 at this station were among the years of highest density.
;

:
!

| The tube-dwelling polychaete Spio setosa Es most common in sandy, shelly subtidal

; areas where it feeds on suspended particles (Dauer et al.1981). In the Hampton-Seabrook
,

estuary, & setosa was more common in subtidal collections, particularly at the nearfield Browns

River station, and uncommon in intenidal collections. Durir:g 1994, density of S. setosa at the

nearfield subtidal station was the highest recorded, while densities at the other stations were j

intermediate (Table 2). No significant differences in S. setosa 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 T. acutus

8
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2 2
during 1994 were higher at the nearfield station (88/m subtidal and 39/m intertidal) than at the

2 2farfield (8/m subtidal and 30/m intertidal; Table 2). Densities in 1994 were within the range -

of prev.ious years at all four stations, and variation among years was significant at all stations )

except for the farfield subtidal station, where the density was among the highest observed (Table f
|

3).
|

|
:

i
i

|

I

|

|

I
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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 predictable j
~

seasonal cycles of temperature and salinity provide valuable information for interpreting changes q

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 fle *H j

around the monthly overall average. Salinity levels 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 frorn 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

j. 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
4

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,
i

which indicates the salinity increase was not a localized effect due to diversion of the settling

basin effluent from Browns River to the open 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.
:
,

I
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I

4.2 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; Whittatch 1977; Santos and Simon 1980; Whittatch and Zajac 1985). As in most other'

'

temperate areas, spatial and temporal pattems 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 cqpitata. Hediste diversicolor, and ofigochaetes 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). As4

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; Berge 1990).

,

ne 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 average levels of nutrients,

organic matter and suspended solids (NAI 1980s,1981). De 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 total 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,

11;
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related to high precipitation and low salinity (NAl 1988, 1992). The macrofaunal community !
!recovered within one to two years, and since then, total density and number of taxa have been less

variable (NAl 1993). Since 1990, macrofaunal densities at all four stations have generally

increased from year to 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 sir.ce 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 1. ANNUAL MEAN WITH 95% CONFIDENCE INTERVAL FOR SALINITY (ppt)
AND TEMPERATURE (O ) TAKEN AT BOTH HIGH AND LOW SLACK TIDEC
IN BROWNS RIVER AND HAMPTON HARBOR DURING 1980-1994.
SEABROOK OPERATIONAL REPORT,1994.

SALINITY (ppt)
BROWNS RIVER HAMPTON HARBOR

LOW TIDE HIGH TIDE LOW TIDE HIGH TIDE

1980 25.1 i 1.9 31.0 i 1.6 29.9 t 1.4 32.0 0.5
1981 25.5 i 1.6 30.0 t 1.7 28.9 1.1 31.5 0.4

1982 22.8 i 1.8 30.0 t 1.2 273 i 1.5 31.2 i 0.6

1983 19.4 3.6 28.0 1.9 25.512.4 30.1 0.9

1984 18.1 33 28.4 i 1.8 25.8 t 2.3 30.2 t 0.9

1985 21.712.1 30.6 i 0.7 29.1 i 1.0 32.2 t 03

1986 20.413.1 30.210.9 27.7 13 31.5 0.4

1987 20.6 i 2.6 28.921.8 27.512.2 30.7 0.98

1988 20.5 2.2 29.8 i 0.7 27.8 1.0 31.310.4

1989 20.2 2.5 30.0 t 0.7 28.0 t 1.2 31.4 0.7
1990 19.5 i 2.7 29.6 1.4 27.2 1.2 31.3 0.68

1991 19.4 1.9 29.6 i 13 28.0 0.9 30.9 0.4
1992 21.9 t 1.5 29.610.8 27.211.6 29.4 1.6

1993 23.6 t 2.1 29.7 i 1.1 27.0 t 1.8 29.6 t 1.1

1994 20.6 i 5.0' 28.7 t 3.5 27.8 i 1.9 30.9 0.8
b 21 3 t 0.7 29.6 0.4 27.6 0.4 31.0 i 0.2ALL

TEMPERATURE
BROWNS RIVER HAMPTON HARBOR

LOW TIDE HIGH TIDE LOW TIDE HIGH TIDE

1980 10.9 5.2 9.6 i 4.4 9.6 i 4.4 9.1 i 3.6

1981 10.6 4.4 103 4.6 10.1 4.4 93 3.8

1982 10.7 4.5 9.9 i 4.2 10.2 4.1 9.2 i 3.5

1983 11.9 5.0 11.0 t 4.2 10.4143 9.9 i 3.4

1984 11.9 i 5.1 10.6 i 3.9 10.414.1 9.4 3.1

1985 113 t 5.0 10.114.4 10.614.2 10.1 33
1986 10314.8 9.6 i 4.0 10.013.9 9.4 3.0
19878 11.5 5.1 9.6 4.1 10.0 t 43 8.9 3.5
1988 10.6 5.1 10 3 i 4.0 9.7 3.9 9.2133
1989 11.5 i 5.4 10.1 3.9 10.214.4 9.2 33
1990* 12.6 i 5 3 10.9 4.5 103 t43 9.7 3.6

1991 12.4 i 5.0 11.7 4.1 11.114.0 9.8 3.1
1992 11.7 i 5.2 11.I 3.7 9.1 4.0 8.612.9
1993 12.125.9 10.4 i 3.8 9.5 4.4 8.7 3.5

d d1994 NC NC 9.8 4.6 9.1 t 3.7

ALLb 11.4 t 1.2' 10.4 i 1.0' 10.0 t 0.9 93 i 0.8

' 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.

bAll years mean is the raean 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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2TABLE 2. MEAN NUMBER OF TAXA AND GEOMETRIC MEAN DENSITY (NoJm ) FOR EACH YEAR AND OVER ALL YEARS WITH 95%
CONFIDENCE LIMITS FROM ESTUARINE STATIONS AT BROWNS RIVER SUBTIDAL (3) AND INTERTIDAL (3MLW) AND MILL
CREEK SUBTIDAL (9) AND INTERTIDAL (9MLW) SAMPLED FROM 1978 THROUGH 1994 (EXCLUDING 1985). SEABROOK
OPERATIONAL REPORT,1994.

ALL YEAll5'

E d 1 Ct.dSTA. 1978 1979 1988 1988 1982 1983 1984 1986 1987 1988 1989 1998 1991 1992 1993 1994 MEAN t}CL

Total 3 3170 4616 4978 5360 9331 2635 1244 1882 1898 3472 2583 1707 1889 2253 3955 4931 2873 3573 2309
Density' 9 M19 2209 14,767 II,277 4335 4533 620 2819 726 4764 1878 2488 5373 2178 2641 2760 3736 4882 2258

3MLW 4260 6136 5695 6833 8022 2723 2187 5632 1727 3936 6940 1778 6834 4842 4774 8425 4522 5517 3706
9MLW 3120 4512 6947 12,889 11.383 11,151 5131 4203 653 6115 7525 3845 3572 4997 5461 5288 5076 6704 3843

ALL 3514 4099 7344 8424 7796 4364 17I5 2980 995 4467 3990 2321 3%7 3301 4062 4%I 1773 4291 3317

Mean No 3 35 41 38 42 47 32 27 38 33 38 38 35 32 34 38 40 37 39 35
bof Texa 9 26 14 47 44 34 36 21 36 21 27 25 38 30 31 26 24 31 34 28

b3MLW 28 37 31 38 35 28 18 32 23 31 31 28 25 26 24 30 29 31 27

9MLW 28 35 35 41 36 33 21 36 16 29 29 36 25 33 27 33 31 33 29

ALL 29 37 38 41 38 32 22 35 23 31 31 33 28 31 29 32 32 33 31

Serr6fosimo 3 367 123 193 525 1064 552 239 99 66 550 ist 56 462 160 293 135 232 329 163

6enedca 9 106 26 23 % 525 81 538 16 161 49 744 167 400 1612 296 76 12 170 320 90

3MLW 439 505 1010 928 3584 525 535 1421 386 1306 3227 259 3301 1635 1977 2235 1058 1487 753

9MLW 566 434 466 2700 2354 3215 1560 1299 11 744 399 1023 604 23I 27 43 450 829 244

ALL 314 163 684 912 925 842 242 415 58 794 445 278 1105 366 187 II) 370 482 284

Oligochaeta 3 242 270 204 651 2189 556 225 95 133 768 301 156 233 428 392 361 325 445 237

9 16 100 2910 %9 1058 1603 162 528 131 272 233 260 525 293 140 114 297 463 191

3MLW 87 186 318 320 350 292 382 968 215 322 409 48 197 428 334 546 279 395 197

9MLW $74 810 1067 861 565 2877 572 742 161 358 2888 362 610 2024 1680 1407 830 1342 555

ALL 119 253 671 646 823 911 298 437 157 382 537 163 348 572 419 422 387 4?O 318

Cgesella 3 II 63 123 473 889 216 66 73 57 105 72 16 33 153 268 140 % 152 61

ayerara 9 238 29 2453 277 298 376 28 800 113 1530 262 259 479 220 1042 780 321 495 207

3MLW 17 29 138 244 540 208 124 197 26 46 27 24 10 57 62 62 64 95 44

9MLW 279 45 125 320 276 800 301 234 19 1068 173 466 143 181 208 197 210 320 138

ALL 60 40 269 318 443 341 91 228 42 299 98 84 71 137 245 191 143 179 114

Hedste 3 83 172 158 352 452 45 50 52 43 128 52 38 64 50 342 118 97 132 71

dverskotor 9 21 29 41 205 41 7 7 43 2 33 29 8 45 35 82 76 28 42 18

3MLW 800 1343 1169 1613 975 220 296 987 150 523 1235 199 1906 1105 1920 1934 756 1083 527

9MLW I?O 164 101 241 135 57 513 184 6 29 93 18 30 25 89 29 70 106 46

ALL 125 183 167 410 223 45 89 143 18 90 115 33 115 84 230 151 110 141 85

(Continued)
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TABLE 2. (Contiemed)

alt. YEARV

d tiClf LCL4STA. 1978 1979 1988 1981 1982 1983 1984 1986 1987 1988 1989 19M 1998 1992 1993 1994 MEAPi

Ad)e 3 69 158 92 181 132 75 31 21 30 12 35 64 7 17 49 25 43 63 30

amenna 9 265 427 299 2% let 168 157 34 53 83 69 208 48 32 82 17 103 152 70

3MLW 106 224 26 179 117 103 22 13 27 12 73 25 22 31 91 51 48 71 72

9MLW 100 328 62 400 141 70 86 13 73 39 425 266 102 107 309 398 126 184 87

ALL 118 265 82 237 134 98 55 19 42 26 93 98 30 37 101 55 72 88 59

.Tpdo sesase 3 38 39 65 155 159 120 II) 151 171 244 447 334 3M 267 254 $94 169 230 125

9 50 59 287 34 170 16 3 75 6 315 236 110 158 66 42 150 74 128 43

3MLW 7 9 8 6 4 8 2 % 25 # 24 26 8 2 5 2 9 15 5

9MLW 54 59 43 78 48 30 8 65 2 32 41 117 % 5 3 18 26 45 15

ALL 30 33 51 72 51 26 10 76 16 104 102 103 70 22 21 45 42 56 32

TAarys 3 330 221 835 1 2 3 12 9 1 101 7 6 24 to 103 88 22 44 Il

anwar 9 10 40 # 292 136 35 7 10 3 16 4 46 75 27 34 8 21 40 11

3MLW 106 174 607 3 23 52 44 255 87 244 80 28 4 9 ' 90 39 53 90 11

9MLW 8 298 48 43 1634 278 325 307 1 21 3 8 8 22 6 30 37 75 is
ALL 42 I47 183 17 64 37 34 53 5 54 10 9 16 15 38 30 31 42 22

a Yearly neeen density = mean of shree seasonal means (where seasonal mean = mean of five replicates)
2b Yearly mean namnber of taxa = mean of shree seasonal toesis (where seasonal aosal = satal number in all five l/16 m replicates cominud) In Au8ust 1992 at Station 3MLW, the total number of replicates was four.

not five
c Mean of all years = sneen of 48 seasonal means (3 seasons a 16 years)
d % W h 95% Wh lh
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2TABLE 3. RESULTS OF ONE-WAY ANALYSIS OF VARIANCE AMONG YEARS FOR MEAN NUMBER OF TAXA (per 5/16 m ) AND
2LOGIS (x+1) TRANSFORMED DENSITY (Nedm ) 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 I* MULTIPLE COMPARISONS * - SUBTIDAL STATIONS

Mean Density (All spp.) 3 3.54 * " 82,81,80,94,79,93,88; 78,83,89,92,95,90,84,87,86
9 2.89 NS

Mean Number of Taxa 3 1.51 NS
9 4.13 * " 80,81,83,86; 82,79,90,92,91,88,78,93,89,94>90,92,91,88,78,93,89,94,87,84

Streblospio benedicti 3 1.79 NS
9 2.04* 80,91,88,83,81,90,92,89,86,78,82,93,87>88,83,81,90,92,89,86,78,82,93,87,79,84,94

Oligochaeta 3 1.88 NS
9 4.02 " 80,83,82,81,86,91 >86,91,92,88,90,89,84,93,87,94,79>79,78

Capitella capitata 3 2.14* 82,81,93,83,92,94,80,88,86,89,84,79,87>92,94,80,88,86,89,84,79,87,91,90,78
9 3.92* " 80,88,93,86,94,91,83>91,83,82,81,89,90,78,92,87>87,79,84

llediste diversicolor 3 2.82 " 82,81,93,79,80,88,94>79,80,88,94,78,91,86,89,92,84,83,87,90

9 2.52 " 81,93,94,91,86,82,80,92,88,79,89,78>79,89,78,90,84,83,87

Mya arenaria 3 I.95 NS
9 I.79 NS

Spio setosa 3 2.79 " 94,89,91,90,92,93,88,87,82,81,86,83>87,82,81,86,83,84,80,79,78

9 2.03* 81,88,80,89,82,91,94,90,86,92,79,78,93,83>90,86,92,79,78,93,83,87,84

Tharyx acutus 3 5.09" * 80,78,79,93,88,94; 91,84,92,86,89,90,83,82>84,92,86,89,90,83,82,87,81
9 0.99 NS ,

(continued)
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TABLE 3. (Continued)

PARMETER" STATION I* MULTIPLE COMPARISONS * - INTERTIDAL STATIONS

Mean Density (All spp.) 3MLW 2.62* 94,82,89,91,81,79,80,86,92,93.78,88; 92,93,78,88,83,84,90,87
9MLW 2.04' 81-83,89,80,88,93,94,84,92.79,86,90,91,78; 90,91,78,87

Mean Number of Taxa 3MLW 2.99 " 8',79,82,86,89,80,88,94,78; 83,90,92,91,93,87,84.

9MLW 2.66 " 81,90,82,86,80,79,92,94,83,88,89,78>89,78,93,91,84,87

Streblaspio benedicti 3MLW 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
9MLW 3.03 " 83,81,82,84,86,90,88,91,78,80,79,89,92>92,94,93,87

Oligochaeta 3MLW l.02 NS
9MLW 0.97 NS

Capitella capitata 3MLW 3.96"' 82,81,83,86,80,84; 94,93,92,88,79,89,87,90,78>92,88,79,89,87,90,78,91
9MLW l.57 NS

Ilediste diversicolor 3MLW l.63 NS
9MLW 3.17 " 84,81,86,78,79,82,80,89,93 >82,80,89,93,83,91,94,88,92,90 >91,94,88,92,90,87

M>o arenaria 3MLW l.68 NS
9MLW 2.49' 89,81,94,79,93,90,82,92,91,78,84,87,83,80>92,91,78,84,87,83,80,88,86

Spio setosa 3MLW l.20 NS
9MLW l.32 NS

Tharyx acatus 3MLW 3.08"' 80,86,88,79,78,93,87,89,83 >83,84,94,90,82,92,91,8I

9MLW 3.37"' 82,84,86,79,83>80,81,94,92,88,90,78,91,93,89>81,94,92,88,90,78,91,93,89,87

* Degrees of freedom for the model (years) = 15; Degrees of freedom for the error = 32;
b NS = Not significant (p>0.05); * = Significant (0.052p>0.01); " = Highly significant (0.0lp20.001); *" = Very highly significant (ps0.001);
* Multiple comparison test is Waller-Duncan k-ratio t test with alpha = 0.05. Groups and years are in order of decreasing abundance. Groups that contain years

that overlap with less abundance groups are separated by (>). Groups that contain years that are all significantly greater than less abundant groups are separated
by (;).
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- _ _ __ _ .._

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

Capitella capitata Yes

Hediste dinrsicolor 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).

|

|
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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(MGller 1776)
Spio setosa (Verrill 1875)
Streblospio benedicti(Webster 1879)
Tharyx acutus (Webster and Benedict i887)

Mollusca
Mya arenaria Linnaeus 1758

.
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\
APPENDIX TABLE 2. WATER QUALITY DATA FOR BROWNS RIVER, JANUARY THROUGH |

MAY 1995. SEABROOK OPERATIONAL REPORT 1994. !

1

1

Teinw.eure ('C) Salinity (not)

Mgggh Low Tide Hinh Tide Low Tide Hiah Tide

January 4.7 6.2 18.6 29.0 |

February 2.8 4.3 25.7 31.1

March 7.5 6.5 18.6 26.4 |

April 9.5 10.5 21.1 29.9

May 10.0 12.0 23.6 30.6

.
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Figure 1. Hampton-Seabrook estuary temperature / salinity and benthos sampling
stations. SeabrookOperationalReport,1994,
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Figum 2. Monthly means and 95% confidence limits for precipitation measund at Seabmok
Station from 19801994 (**Mding 1984 1986) and surface salinity measured at lowi

tide in Bmwns River and Hampton Harbor fmm May 1979. December 1994 and monthly
means in 1994 and 1995 (Bmwns River only). Seabrook Operational Report,1994.
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1 North North Attr.ntic En:rgy Service Corporttion
y P.O. Box 300

' V Atlantic Se.srook,N u 03874
d (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 Repon

"

Dear Mr. DeLoi:

North Atlantic Energy Service Corporation (North Atlantic) has enclosed the Seabrook Station
1994 Environmental Studies Report as required by NPDES Permit Section I.B.I.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 method (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
Environmental 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 cunent
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 expenise 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 repon supports the use of the Mixed Effects Model.

- - _ - _ - _ _ _ _ _ _ _ - - _ _ - _ _ _ .
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Environmental Protection Agency November 3,1995

Attention: Mr. Carl DeLoi Page two

A copy of the 1994 Report is being provided to each member of the Technical Advisoty
Committee (TAC). The 1995 TAC Meeting is scheduled to be held in the Seabrook Station Science & :

Nature Center at 9:00 a.m. 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.

'

Very yours,

i/ ff A
'

Bruce L. wbridge i

Executive Director-Nuc Production

'

.IBLD/ RAS:sm
|

Enclosure |

1
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Environmental Protection Agency November 3,1995 |

Attention: Mr.CarlDeLoi
Page three

'
.

q

cc with enclosure: ,

TECHNICAL ADVISORY COMMITTs's' FEABROOK ECOLOGICAL ADVISORY
COMMITTEE: )

Dr. Edward Schmidt
NH Dept.Of EnvironmentalServices Dr. John Tietjen, Chairman

Water Supply & Pollution Control Div. 134 Palisade Avenue |2

6 Hazen Drive Leonia,NJ 07605

Concord,NH 03302
Dr. W. Hunning Howell

Mr.Jeffrey Andrews 12 James Farm

i 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

2 Concord,NH 03302 Hope Valley,R102832

Mr. Robert Estabrook Dr. Bernard J. McAlice
.

NH Dept. Of Environmental Ser: ices Darling Marme Center"

Water Supply & Pollution 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 MorrillScience Center

; Durham,NH 03824 University of Massachusetts
~ Amherst,MA 01003

Mr. Nicholas Prodany
Permit Compliance Sectient

! Environmental Protection Agency NORMANDEAU ASSOCIATES

John F. Kennedy Building
Boston,MA 02203 Ms. Marcia Bowen'

Normandeau Associates,Inc.

Mr. Jack Paar 38 Lafayene Street i
'

i

Environmental Protection Agency PO Box 202
:

60 Westview Street Yarmouth,ME 04096

Lexington,MA 02173
i

y
!

Mr. Eric Nelson |

National Marme Fisheries Service
Northeast Region'

One Blackburn Drive
Gloucester,MA 01930

.

I

k
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SEABROOK STATION 1994 ENVIRON!VENTAL STUDIES
4

IN THE HAMPTON-SEABROOK AREA
A CHARACTERIZATION OF ENVIRONMENTAL CONDITIONS

DURING THE OPERATION OF SEABROOK STATION

Prepared for |

t

NORTH ATLANTIC ENERGY SERVICE CORPORATION
P.O. Box 300

Seabrook Station
Seabrook,New Hampshire 03874

Prepared by

NORMANDEAU ASSOCIATES
25 Nashua Road

Bedford,New Hampshire 03310-5500

Critical reviews of this report were provided by:

The Seabrook Station Ecological Advisory Committee: )
1

Dr. John Tietjen, Chatnnan (City University of New York) ,

'

Dr. W. Huntting Howell (University of New Hampshire)
Dr. Bernard McAlice (University of Maine)
Dr. Saul Saila (emeritus, University of Rhode Island)
Dr. Robert Wilce (emeritus, University of Massachusetts) j.

The staff of the Northeast Utilities Environmental Laboratory

at Millstone Nuclear Power Station

October 1995
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EXECUTIVE SUMMARY
!
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1

1.0 EXECUTIVE SUMMARY location within the water column, the intake is also

expected to have only a localized effect. This is

) 1.1 APPROACH characterized by the entrainment and impingement
; sampling programs.

Environmental monitoring studies were conducted:

j to determine whether Seabrook Station, which became A basic assumption in the monitoring program is

operational in August of 1990, had an etTect on the that there are two major sources of natural-occurring
,

]
" Balanced Indigenous Populations of Fish, Shellfish variability: (1) that which occurs among different areas 3

: and Wildlife" in the nearfield coastal waters of New or stations, i.e., spatial, and (2) that which varies in |

|
Hampshire. A biological monitoring . program time, from daily to weekly, mon:hly or annually, i.e.,

established under the National Pollutant Discharge temporal. In the experimental design and analysis,-

Elimination System (NPDES) permit, jointly issued the Seabrook Environmental program has focused on
.

|
by the Environmental Protection Agency and the state the major source ofvariability in each community type

'

i of New Hampshire, forms the framework for study. and then determined the magnitude of variability in

j cach community. The frequency and spatial distribution

j A systematic approach of impact assessment was of the sampling effort were determined based on the

; used to determine whether the operation of Seabrook greatest sources ofvariability for each parameter (NAI

) Station affected the aquatic biota. This approach 1991).

: incorporated both temporal and spatial components

j for each biological community evaluated (Figure 1- 1). Biological variability was enessured on two levels:

| Potential operational effects could be ruled out if: (1) species and community (Table 1-1). A species'

results from the operational period were similar to abundance, recruitment, size and growth arc important
3

j previous (preoperational) years, given the natural for understanding operational impact, if any, should

i variability in the system, or (2) differences within the changes occur in these parameters between stations

operational period were observed in both nearfield and or over ti:ne. These parameters were monitored for'

j farfield areas. In addition, other potential sources of selected species from each community type. Selected

j change have been investigated before the conclusions species were chosen for more intensive study based

specified within this report were drawn. This study on either their commercial or numerical importance,

i design was modeled after objectives discussed by Green sensitivity to temperature, potential as a nuisance

(1979), which have been described previously in more organism, or habitat preference. Overall community
,

4

| detail (NAI 1991). structure of the biota, e.g., the number and type of

species, total abundance and the dominance structure,
<

De validity of the impact assessment model is based was also reviewed to determine potentMI plant impact."

on comparisons between nearfield stations within the Trends in these parameters were reviewed against the
,

j influence of Seabrook Station and at farfield stations natural variation in community structme.

I beyond its influence. Modeling studies, as well as
operational validation, clearly indicate this to be true A previous Summary Report (NAl 1977) concluded

j for thermal effects in relation to the thermal plume. thr the balanced indigenous community in the Seabrook

The extent of a+3'F (1.7'C) isotherm has been shown study area should not be adversely influenced by loss
;

to cover a relatively small 32-acre surface area of individuals due to entrapment in the Circulating
,

(Padmanabhan and Hecker 1991). Due to the buoyant Water System (CWS), exposure to the thermal plume,

: nature of the thermal discharge, temperature differences or exposure to increased particulate material (dead

do not extend below the thermocline. Due to its organisms) settling from the discharge. The current
i

(

l-1
i

i
1
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FOR DETERMINING IF THERE ARE
ENVIRONMENTAL CHANGES

DUE TO OPERATION OF SEABROOK STATION

l

is
Operational ,

Period YES Nom
sarnilar to impact"

proveus years
at nearf,'end

' station
?

NO
.l f

Operational _,

Period YES No '
m

O.**.dI'd impactr

similar to
farfield

?

NO"

l f
.

Observed
changes NO Nom
related to Impact-

plant
operation

?

YES

Y

Operaticaal
impact

Figure 1 1. Sequence of events for determining if there are environmental changes due to
'

the operation of Seabrook Station. Seabrook Operational Report,1994.

;

l-2
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EXECUTIVE SUMMARY

TABLE 1-1. SUMMARY OF BIOLOGICAL COMMUNITIES AND TAXA'

MONITORED FOR EACH POTENTIAL IMPACT TYPE.
SEABROOK OPERATIONAL REPORT,1994.

LEVEL MONITORED

SELECTED .

MONITORING SPECIES / l

AREA IMPACT TYPE SAMPLE TYPE COMMUNITY PARAMETERS )

Intake Entrainment Microzooplankton - x x
Macrozooplankton x x
Fish eggs x i

Fish larvae x x ,

'*
Soft-shell clam larvae

j*
Cancer crab larvae x

x

Impingement Juvenile / Adult fish x x
Lobster adults x

Discharge Thenna! Plume Nearshore water quality x
Phytoplankton x x
Lobster larvae x
Intertidal / shallow subtidal
macroalgae and macrofauna x x

Subsurface fouling
community x x

Turbidity Mid-depth / deep macrofauna 1
'

(Detrital Rain) and macroalgae x x
Bottom fouling community x
Demersal fish x x
Lobster adults x
Cancer crab adults x

Estuary Cumulative Estuarine temperature x
Sources Soft-shell clam spat and

adults x
Estuarine fish x x

*No samples collected in 1994. See Executive Summary pages 1-8.

,

1-3
,
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1
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study continues to focus on the likely sources of Commercial operation of Seabreak Station began |'

potential influence from plant operation, and the intermittently in July and August 1990, and continued |

{ sensitivity of a community or parameter to that for periods of approximately three weeks in September |
;

I
influence within the framework of natural variability and October. Derefore, August 1990 is considered

; i

(Table 1-1). A community or cpecies within the study the begmning of the operanonal period for the purposes

area might be affected by more than one aspect of the of this environmental assessrwa. After operation at i

CWS. Results from this monitoring program will be 100% for less than a week at the beginning and end |
discussed in light of that aspect of the cooling water of November, the plant operated nearly continuously |-

system that has the greatest potential for affecting that from December 1990 through July 1991 when it wac |
,

particular component of the biological community. shut down for routine maintenance. Resumption of j

Entrainment and impingement were addressedthrough fall power operation began again in October 1991 and !

| in-plant monitoring of the organisms entrapped in the continued through a second maintenance outage in late i,

CWS. September 1992. Full power operation began again

i in November 1992 and continued with only minor

The effects on the balanced indigenous populations interruptions throughout 1993. In 1994 the plant was [i

]
of aquatic biota in the vicinity of the CWS intake and operational from January through early April, and

j discharge structures were evaluated through continued August through December (Figure 1-2). Monthly |
i

i monitoring at sampling stations established during the charactensucs ofthe Circulating Waer System operation
i

preep..donal period, with statistical comparison of throughout 1990 1994 are presented in Table 1-2.#

j the results at both the community and the species levels.

The null hypothesis in all tests is that there as been'

no change in community structure or selected species IJ SUMMARY OF FINDINGS
'

j abundance or biomass that is restricted to the nearfield
area. This in tum would indicate, based on the Water O-H v jt

)approach outlined in Figure 1-1, that the balanced ';
' indigenous populations have not been affected Water quality parameters were collected to aid in

|
interpreting information obtained from the biological

)
monitoring program, as well as to determine whether

j 1.2 STUDY PERIODS the operanon of the Seabrook Station Circulating Water

System had a measurable effect on the physical or*

4 Envimamental studies for Seabrook Station began chemical characteristics of the water column. Water

in 1969 and focused on plant design and siting quality samples were obtained within the vicinity of

questions. Once these questions were resolved, a Seabrook's intake and discharge structures, and at

monitoring program was designed to assess the temporal farfield locations outside of the influence of operation.
;

j (seasonal and yearly) and spatial (nearfield and farfield) Measured parameters included temperature, salin"

i vanability during the + 4onal period as a baseline dissolved oxygen, and nutrients (total phosphorm

; agamst which conditions during stanon vr..ics could orthophosphate, nitrate, nitrite, and ammonia).

.

be evaluated. His report focuses on the p noperational

j data collected from 1976 through 1989 for fisheries Potential impnets related to the operation of Seabrook
' studies and from 1978 through 1989 for most plankton Stanon include: (1) temperature changes resulting from

and benthic studies: during these years sampling design the discharge of a heated cooling water from the Station

i had consistently focused on providing the background condensers, (2) the discharge of chlorine (sodium

to address the question of operational effects. hypochlorite) used to prevent the settlement and
,

i
I-4

:
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Figure 1-2. Average daily power level at Seabrook Station during 1994.l

!

I Seabrook Operational Report,1994.

I
!
l

!

| TABLE 1-2. MONTHLY CHARACTERISTICS OF SEABROOK STATION
| OPERATION FOR THE PERIOD 1990 THROUGH 1994.

SEABROOK OPERATIONAL REPORT,1994.
i

.

DAYS OF CIRCULATING WATER AVERAGE DAILY
|
,

SYSTEM OPERATIONS FLOW (mgd)
1

) MONTH 1990 1991 1992 1993 1994 1990 1991 1992 1993 1994

I

i Jan 31 31 31 31 25 324 584 585 587 689

! Feb 28 28 29 28 12 564 580 578 587 566

Mar 31 31 31 31 31 563 580 581 580 673

Apr 30 30 30 30 8 563 581 576 579 352

| May 31 31 31 31 0 562 581 581 582 242

i Jun 30 30 30 30 0 563 578 593 582 212
i

| Jul 31 31 31 31 1 582 535 593 578 331

| Aug 31 21 31 31 31 588 253 583 579 681

Sep 30 26 29 30 30 588 257 314 574 695

Oct 31 31 24 31 31 590 552 159 574 690

Nov 30 30 30 30 30 590 590 566 612 692

Dec 31 31 31 31 31 589 591 563 608 628

I
I

l-5
|
I
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,

1

i
accumulation of biological fouling organism within Most water quality parameters showed a distinct

the Circulating Water System, and (3) associated seasonal cycle that was consistent throughout the
,

,

changes related to the addition of moribund entrained monitoring penod Significant differences among years

plankton to the nearshore marine environment. were typical, reflecting high year-to-year variability.'

Increases or decreases in all parameters were consistent

! The annual mean surface and bonom temperatures between nearfield and farfield stations except surface

were significantly different among the three monitoring dissolved oxygen, indicating that the chemical and

locations. These among-station differences were physical environments in the study area are dominated
4

consistent at all three stations between the preopemtional by larger regional trends. These appear unrelated to t

and operational periods. Mean surface and bottom ~ the operation of Seabrook Station.
!

water temperatures in 1994 were the warmest recorded

since 1990. Bottom water temperatures were'

significantly warmer during the operational period, but
Phytoplankton;

these increases were consistent at all stations.
The phytoplankton monitoring program was initiated ;

Seasonal patterns of surface and bonom salinity were to identify seasonal, annual, and spatial trends in the

similar between F-r-sional and operanonal periods; phytoplankton community and to determine if the

however, in 1994 annual mean salinities at each station operation of Seabrook Station had a measurable effect

decreased by approximately 0.4-0.8 ppt compared to on this community. The purpose of the monitoring

the preoperational means. There were no significant program is to determine if the balanced indigenous

differences in surface or bottom salinities between the phytoplankton community in the Seabrook area has ,

preoperational and operational periods or among been adversely influenced, within the framework of f
natural variability, by exposure to the thermal plume.

stations.
Specific aspects of the community evafuated included

Surface and bottom dissolved oxygen concentnmons phytoplankton (taxa 210 m in size) abundance and

exhibited a seasonal pattern in 1994 that was similar species composition; ultraplankton (taxa <10 m in

to previous years. Average surface dissolved oxygen size) abundance and species composition; community ,

'

concentrations decreased between the preoperational standing crop as measured by chlorophyll a concentra-

and operational period, and the magnitude of the tions; abundance of selected species (Skeletonema

decrease was less at the discharge station than at the costarum); and toxicity levels of paralytic shellfish

intake or farfield stations. poison (PSP), as measured in the tissue of the mussel

Mytilus edulis)in the Hampton-Seabrook area.

There were no significant differences between the

preoperational and operational periods for any of the Monthly abundances of phytoplankton during 1994 |

five nutrient parameters analyzed. Significant and the operational period showed seasonal pattems j

differences among stations were detected only for that were similar to previous years. On average,

orthophosphate and nitrate. These differences were diatoms (Bacillariophyceae) dominated the phytoplank-

consistent between the preoperational and operational ton assemblage during January through March and June ,

i

periods, and not attributed to the operation of Seabrook through December during the operational period, while

Station. This is based on the consistency of spatial the yellow-green alga Phaeocystis poucherri dominated j

trends between the two penods as well as the similarity during April and May. This pattem of seasonal |
'

of seasonal patterns across the years. weaion in phytoplankton is well documented in other
northem temperate waters. Phytoplankton abundances

|

16
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.

at the intake station varied by more than an order of generally followed historic pattems, except in March !

magnitude throughout the preoperational and opershonal and September when mean abundances were higher

periods. The geometric mean abundance in 1994 than those typically obsere and in June when mean

(192,000 cells /L) was higher than the preoperational abundances were lower. |

and operational means. Geometric mean abundances
showed no significant diferences between the nearfmid Duriug the preoperational period, paralytic shellfish

and farfield stations. In addition, the abundances of poison (PSP) toxicity levels, commonly known as red

the 15 numerically important taxa were not diNerent tide, were above the detection limit in tissue of the i

among the stations in 1994 mussel Mytilius edulis and above the closure limit j

during the late spring, early summer, and late summer. !

Monthly log (x+1) mean ultraplankton abundances In 1991, only two occu Tences of PSP above the

were similar among the three stations in 1994 and all detection limit were recorded. PSP was not detected

exhibited a weak seasonal panem. Annual mean during 1992. In 1993 PSP was detected above the

geometric abundances were similar among the three closure level in May and June, and July. In 1994 the

stations in 1994, and showed no significant diNerences closure level was ~~iad in May through July. Red ,

during the operational period. As in 1991 through tide events in New Hampshire coincided with those

1993, blue-green algae (Cyanophyceae) was the in adjacent states. There were no outbreaks of red tide

overwhelmingly dominant taxon and followed a similar that were restricted to New Hampshire, consistent with

pattem of occurrence at each station. recent research pointing to a non-local origin.

During both the iwwp.wional and operational
periods, monthly anthmetic mean total chlorophyll a Zoonlanktom

concentations exhibited an early spring peak. Monthly

mean operational concentrations were lower than Three components of the zooplankton community,

preoperational concentrations in all months. On an mie &-planktog bivalve larvae, and macrozooplank-

annual basis, there appeared to be no relationship ton, were sampled separately to identify spatial and

between chlorophyll a concentations and phytoplankton temporal trends at both the community and species

abundances. The lack of a trend is likely due to level. Initial monitoring chara Whd the source and

differences among taxa with tespect to cell size and magnitude of variations in abundance and species

chlorophyll a content. Seasonally, preoperational and composition in the zooplankton community and

operational chlorophyll a concentrations followed a provided a template for comparison to data obtained

pattem similar to that of phytoplankton abundances during the operational period. The zooplankton

during the same periods. community is currently evaluated to determine whether
entrainment within the Circulating Water System (CWS)

Skeletonema costatum was chosen as a selected of Seabrook Station has had a measurable effect on

species because of its historic omnipresence and the community or any species. The entrainment of

overwhelming dominance during much of the year. bivalve larvae within the CWS has also been evaluated.

There were no significant diNerences in the abundance

of S costatum between the preoperational and Microzooplankton species composition during the

operational periods or between stations. During the operational period continued to resemble the historical

operanonal penod both spring and fall peaks were larger patterns. While the abundances of some taxa were

than the preoperational period but followed the same different between the operational and preoperational

general pattem. In 1994, S. costarum abundances periods, these differences were generally consistent

1-7
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between stations, Pattems of seasonal variation These on-site entrainment sampling deficiencies have

recorded during the operational years (1991-1994) for been addressed by reassigning the responsibility for

the selected microzooplankton species were generally entrainment sampling to the organization that provides

similar to those observed during the preoperational oversight of the off-site environmental monitoring |

period. Operational differences, if they occurred, were program. Monthly entrainment of all taxa was less |
!

observed at both nearfield and farfield stations.
in 1991 and 1992 in comparison to 1990 and 1993.
Reduced CWS flow during outage periods in the

'

The species composition of bivalve larvae during
summer when larvae typically reach their peak
abundance levels in the local coastal waters may have

the operational and preoperational periods was similar

to previous years. Seasonal appearances of dominant - led to reduced entrainment in 1991 and 1992.

species were similar to previous years. However,
Abundances of Myrilus edulis larvae in collections from

cverage abundances for four of the species during the all stations in 1991 and 1992 were also reduced when

operational periods were less than abundances during compared to 1990 and 1993, contributing to reductions

in entrainment. Entrainment within the CWS has notthe preoperational period. These decreases occurred
r.t both the nearfield and farfield stations and suggest

affected the balanced indigenous bivalve larvae

|an area-wide trend unrelated to the operation of community based on data from 1990-1993. The

Seabrook Station. Two taxa, Hiatella sp., one of the seasonal pattem of the bivalve larvae Myrilus edulis ,

dominants, and Teredo navalis, a relatively rare species, during the operational period was similar to recent |

showed trends among stations that differed between preoperational years. |

|
the preoperational and operational periods. For both
of these taxa, the trends at least one of the nearfield Plankton that spend all or a portion of their life in |

stations paralleled trends the farfield station.
the water column (holo- and meroplankton) were similar |

to those in other portions of the Gulf of Maine. The

Entrainment collections provide a measure of the seasonal change in the holo- and meroplankton

actual number of organisms directly affected by Station community composition at both nearfield and fsrfield

entramment. No emrainment samples for bivalve larvae stations were consistent during the past six years.

were collected in 1994 due to a scheduled plant outage However, the abundances of many of the dominant

and collection scheduling deficiencies. Consistent with species were elevated in the operational period

previous refueling outages, ichthyoplankton and bivalve
compared to the preoperational period. Increased

larvae entrainment samples were not taken during the abundances generally occurred at all three stations,
!

April 9 to July 31 refueling outage when there was suggesting an area-wide change. One exception was

insufficient circulating water flow to operate the in the abundance of Calanusfmmarchicus adults, which

entrainment sampling equipment. Refurbishment of showed a significant decrease at the farfield station |

!

the entrainment sampling equipment was not completed during the operational period while the intake and

during the outage as originally scheduled and as a result discharge stations showed a corresponding increase.

on-site entrainment sampling was not resumed until Comparisons of annual means showed these difTerences ;

mid September when the equipment was retumed to to be slight. |
|service. However, when ichthyoplankton sampling

was resumed, bivalve larvae sampling was not resumed. Tychoplankton are those plankton that inhabit both

As a result of the outage which began in April and the substrate and the water column as a result of |

the failure to resume bivalve entrainment sampling in excursions related to light, lunar cycle, storm events,

September, no bivalve larvae samples were taken in reproduction or nonspecific aggregation. Tychoplankton

1994 during the April to October sampling period. exhibited greater spatial variability than either the holo- !

1
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1

i or meroplankton. Seasonal changes in species Ichthyoplankton analyses focused on seasonal

composition were generally similar between the assemblages of both eggs and larvae, as well as on the'

) operational and preoperational periods. Substrate collection 'of selected larval species. Consistent

i differences between the nearfield and farfield stations temporal (among months and years) and spanal (among
>

j account for some of the variability observed in the stations) egg and larval assemblagesidentified through !

: tychoplankton assemblages. the monitoring programs suggest that the operation

of Seabrook Station has not altered the seasonal

Diferences between the spatial and temporal spawning time nor the distribution of eggs in the

j components of the tychoplarxton assemblages have Hampton-Seabrook area. Although the temporal

]
been consistent throughout the study. Abundance occurrence of fish larvae, both monthly and annually, |

: diNerences between the pre operational and operational was less consistent than for eggs, spatial parameters
'

periods have occurred at both the nearfield and farfield were consistent. Ichthyoplankton composition at all (
( stations. Spatial pattems of tychoplankton have been three stations was very similar within each year and

~

. similar both in the pivoperational and operational month. Temporal changes in assemblageabundances'

were consistent at all three stations.periods.
4

I
! There has essentially been no change in the Among the selected larval species, changes in density

abundances or seasonality in most of the macrozoo- were consistent between the ympeional and

! plankton selected species. With the exception of operational periods at all stations, except for Atlantic

i Canaturfinmarchicus adults, changes in abundances sand lance. Density of Atlantic sand lance increased

between the preoperational and operational penods were at the farfield station, but there were no significant
;

consistent at all stations. differences at the two at the other nearfield stations.
.

|
These changes in density are probably not due to plant

| operation because density of sand lance larvae has

i Fish Population generally been increasing at all stations during the
operational period.'

i Finfish studies at Seabrook Station began in 1975

| to investigate all life stages of fish, including Entrainment of eggs and larvae in 1994 were the

ichthyoplankton (eggs and larvae), juveniles, and aduhs. lowest recorded since the plant became operational,

j Potential impacts of Seabrook Station operation on local pnmarily due to an mW outage from April through

! populations include the entrainment of eggs and larvae July that included the period of greatest abundance

| through the Circulating Water System and the for many eggs and larvae. Taxa entramed in 1994 were

; impingement oflarger specimens on travelling screens also common in previous years, but their relative

: within the Circulating Water pumphouse. Local abundances were diferent due to the extended outage

! distribution could also potentially be affected by the that reduced entrainment for several species that were

j thermal plume, with some eggs and larvae being historically more abundant.

j subjected to thermal shock due to plume entrainment

; upon discharge from the system diffusers. The main In the pelagic fish community, Atlantic herring,

) objective of the finfish studies is to assesswhether the blueback herring, silver hake and pollock were dominant

operation of Seabrook Station has had any measurable during the preoperational period. During the operational
,

; eNect on the nearshore fish population. period, Atlantic hening, pollock, Atlantic mackerel

| and spiny dogfish were dominant. The change in the

species composition of dominant pelagic fish reflected,

I-9
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larger changes in the pelagic fish community in the
fluctuations in catch of the dominant species, Atlantic

.

!-
'

| . Gulf of Maine. De spiny dogfish has become silverside.
|~ increasingly abundant during the operational penod.: I

Together with skates, spiny dogfish now compose about
During 1994 an esumated 19,221 fish were impinged

! |

75% of the fish biomass of the Georges Bank. on the travelling screens at Seabrook Station. Since
the Station began operation, a total of 23,022 fish and i>

|
j De geometric mean CPUE of demersal fish at all

73 Amencan lobsters heve been reported. During the !

! manons combined in 1994 decreased compared to 1993 4-year operational period, Atlantic silverside, hakes, ;

!
and was the second lowest since sampling began in gmbby, pollock and winter flounder, Atlantic silverside

!
1976. Dominant demersal fish in the operational penod < made up 66% of the estimated impingement.

were winter flounder, longhom sculpin, yellowtail
,

:

i
flounder and skates. Catches of nearly all species In October 1994, Seabrook Station identified the ,

i

declined from the preoperational to the operational
fact that it had not accurately counted the number of

i

| ' period, particularly for the yellowtail flounder.
small fish impinged on Seabrook Station's travelling

'

i

|
Differences in CPUE and species composition were screens prior to the fourth quarter of 1994. Small fish,

concealed in screen wash debris had been overlooked |

.

apparent among stations. This may be due to the fact
1 that the discharge station is located in shallow water by plant personnel responsible for separating fish from |

;

| off the mouth ofHampton-Seabrook Harbor where the debris. Derefore, impingement data prior to the fourth

substrate has a tendency to be inundated with drift quarter of 1994 cannot be considered to be as reliable
|as data after this time frame. The impingement,

] algae. De farfield stations were located in deeper water

| with sendier bottoms. Changes in CPUE of adult fish monitonng program was enhanced in the fourth quarter !

between the preoperational and operanonal periods were
of 1994 to separate all readily visible fish from seaweed,

consistent at all stations with the exception of rainbow and beginning in 1995, biologists began to conduct !
'

sr.selt and winter flounder. The decrease in winter
the weekly impingement evaluation.

:
flounder abundance at the nearfield station began prior

to plant operation. Similar decreases in rainbow smelt
he design of the Seabrook Station offshore intake ,

CPUE at the nearfield station were also observed in
with a mid-water intake fitted with a velocity cap has |

the preoperational period. Therefore, it is not likely
resulted in fewer numbers of fish being impinged when |

that these decreases in CPUE were due to the operation compared to other coastal power plants.
.

of Seabrook Station.
A number of differences were found between the

yi% onal and operational periods for adult fish jine geomaric mean CPUE for estuanne fish caught
at all stations during 1994 increased from the average assemblages in general, and for most selected species

in 1993. Catches generally were smaller during 1987- in perncular. In nearly all cases where differences were

1994 compared to 19761984. Average catches were found, abundance during the operational period was

less for the operational period than observed during significantly lower than during the preoperational

the preoperational penod. However, this declining trend period. However, in many instances, the declines began

began in advance of Station operation. The Atlantic in the early or mid-1980s. Several of the decreases

silverside dominated catches in all years sampled. reflect long-term declining trends of overexploited

Winter flounder, killifishes (mummichog and rtriped commercial fishes, including Atlantic cod, winter

killifish), ninespine WWi . and rainbow smelt also flounder, and yellowtail flounder.
t

contributed to the carch. Trends in the CPUE paralleled

1-10
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Marine Macrobeathos selected taxa studied in these zones, only the kelp

Laminaria digitata exhibited a significant decrease i

ne predominant benthic marine habitat within the specifically in the nearfield area. This trend began

vicinity of Seabrook Station's intake and discharge in recent preoperational years and its continuation was
-

is rocky substrate in the form of led;;,e and boulders. attributed to natural envirenmental processes rather

Dese rocky surfaces support rich and diverse than to plant operation.

communities of attached plants and animals (macro-

benthos). Becausethese hard-bottom communities are
Abundance pattems of selected dominant intertidal

ecologically important, and are potentially vulnerable taxa indicated that of the four taxa studied, only one

to localized coastal anthropogenic impacts, studies of taxon, Ampithoe rubricara, exhibited a change in

these communities have been an important part of the abundance during the operational period that differed
'

ecological monitoring program The program has been between the nearfield and farfield stations. Abundance .

designed to determine whether differences exist among ofA. rubricatawas significantly lower la the nearfield

communities at sites within the Hampton-Seabrook area and higher in the farfield; howeve.r, these changes

area that can be attributed to the operation of Seabrook began prior to Station operation.
:Station. Potential impacts include temperature-related

community alteration to areas directly exposed to the In the shallow subtidal benthic communines, no

thermal discharge plume. Thiswould occur at shallow changes have occurred that can te related to the

subtidal sites due to the buoyant nature of a thermal operanon of % kook Stanon. Numerical classification

plume. Dermal impacts are unlikely in deeper areas; of macroalgal and macrofaunal collections revealed

however, increased turbidity resulting from the i@ no substantive changes in species composition or overall

of suspended solids and entrained organisms could community structure Abundances of selected taxa

increase shading and sedimentation. were consistentbetween nearfield and farfield stations
over both the y.eop..u'or ~ and operational periods

Studies were implemented to identify plant and for Chondrus crispus, Laminaria saccharina, Jassa

animal species occupying nearby intertidal and subtidal marmorata, Asteriidae and Mytilidae.

rock surfa es md at those at farfield control locations.
The studies . v describe temporal and spatial pattems

of species occurrence, identify physical and biological Potential Turbidity Effects

factors that induce variability in these communities,
and relate these to the operation of Seabrook Station. Assessments of community parameters and overall

community structure indicate no changes in the nearfield

,mid-depthcommunityduringtheoperationofS kook

Potential Thermal Plume Effects
Station. There were no significant differences in
measures of community structure between the

Hydrodynamic modeling and subsequent field studies preoperationalandvy e;onalperiodsforthemid-depth

indicated that intertidal benthic locations experienced macroalgae or macrofauna communities. High

no temperature increase; shallow subtidal sites similarity in annual collections within the mid-depth j
'

experienced increases of <l'F (Padmanabhan and zone was characteristic for the overall faunal and algal

Hecker 1991). Overall, intertidal benthic community community structure.

parameters (biomass, number of taxa, etc.) and
community structure indicated little change in nearfield Of the six selected taxa, only two,Iaminaria digitata

intertidal or shallow subtidal communities. Of the and L .wd .,.a exhibited area wide decreases during

!
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j the operational period. Dese dm.. as occurred at - and operational periods. Average annual biomass on '

| both the nearfield and farfield stations, and were not monthly sequential panels was similar between the

amibuted to plant operation. Densities of selected preoperational and operational periods at all stations.
:

'

m efeuna, Pontogeneia inermir, Modiolus modsolus, For the year-end panels exposed for 12 months, biomass
;

and abundance were similar between the preoperanonal
-

1 Mytlidae, and Strongylocentrotusdroebachiensis were
not significantly different between the preoperational and operational periods at both nearfield and farfield i

s* Mons. The number of taxa increased at the nearfield |:

. and operational periods,
station between the pcwp.4ional and operational j

Collections in the deep water mactobenthic periods, but was not significantly different at the farfield
3

;

communities and assessmentofthe overall community - station. |j

::

| structure revealed that nearfield and farfield communi-

|
ties have remained stable over the prwp.4ional and In 1994, panels were also exposed for three, six,

operational periods. Overall, the macrobenthic nine and 12 month periods. Results from these |'

communities appear unaffected by Station operation. quarterly panels were similar to the monthly sequential
|

panels for parameters that were comparable between
,

*

the two programs. Since this is the first year for j
'

Sarface Panels
quarterly sequennal panels, there were nor~p..ional

'

i: data for comparison.

ne surface fouling panels program was designed
,

to study sentement panems and community development
ne community settling and developing on surface |

in the discharge plume and in farfield areas. Panels rd has shown predictable seasonal partems |
'

| provide information on the temporal sequence of thrtughout the study, as evidenced both by measures |

settlement activity, as well as on species growth and of community structure (biomass, abundance, and
-

'

number of taxa) and by abundance or percent frequency |.

patterns of community development.
of occurrence of dominant taxa. Few measures showed

'
'

'

He settlement of the fouling community was significant differences between operational and ;

monitored through the short term panels program, where preoperational periods, and these differences were |

panels are exposed for one month each month of the
consistent among nearfield and farfield stations, with |

year. Settlement of fouling organisms on short term the exception of the number of taxa on the year-end ,
,

j

| monthly panels did not appear to be affected by plant monthly sequential panel. :

i
5 operation because there were no significant differences i

in the trends between stations, or between the '

Enibenthic Crustaceapreoperanonal and operational penods in the abundance,
,

number of taxa, or biomass of the fouling community.

Similarly, there was no apparent effect due to plant he objective of the epibenthic crustacea monitoring

operation on the settlement of selected species: program was to determine the seasonal, spatial, and

Mytilidae, Jassa marmorata, and Tubularia sp.
annual trends in larval density and catch per unit effort

(CPUE) for juvenile and adult stages of American

Fouling community development was assessed lobster (Romarus americanus), Jonah crab (Cancer
' '

i

| through a monthly sequential panel program where borealis)and rock crab (Cancerirroratus). Analyses

panels were exposed for increasing periods of time
were done to determine if the discharge from Seabrook .

ranging from 1 to 12 months. Seasonal panerns of Station had any measurable effect on these species.

development were similar between the preog.aional'

1-12
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Annual mean densities of lobster larvae in 1994 operational period was not significantly different from

continued the trends observed in 1991 through 1993. the preoperational average. The 1994 mean CPUE

Lobster larvae densities during 1994 were higher than for both Jonah crab and rock crab was lower than the |

during the preoperational period (1988-1989) at each preoperational and operational periods at both the

station. Average larval densities during the four year nearfield and farfield stations. There were no

operational period were significantly higher than the significant differences between the preoperational and '

average densities during the preoperational period. operational periods or among stations for either of these

here were no significant differences among the three species. Rock crabs have been less prevalent than Jonah

stations during the 1988-1994 monitoring period. crabs throughout the study area, probably because of

Monthly trends were similar to those observed in. their preference for sandy substrata, which are rare in

previous years. Increases in densities during 1994 were the study area.

due mainly to increases in Stage I and Stage IV larvae,

historically the most numerous of the four stages. Stage

IV larvae are hypothesized to originate, at least in part, Estuarine Benthos

offshore in the warm southwestem waters of the Gulf
of Maine and Georges Bank. The decline in lobster Environmental studies conducted in Hampton Harbor

abundance in the study area parallels an overall decline since 1978 have included monitoring of the physical

in lobster abundance in the Gulf of Maine (NOAA parameters (temperature and salinity), fish populations,

1992). benthic macrofauna, andjuvenile and adult soft-shell

clams (Mya arenaria). Current estuarine monitoring

ne 1994 CPUE for adult lobster was lower than efforts are directed to identify potential effects from

the preoperational and operational means. CPUE either the Settling Basin discharge or Seabrook Station

declined between the preoperational and operational operation. The objectives of the estuarine benthos

periods, but the decline was significantly greater at studies are to charactertze the macrofaunal communities

the farfield station. The monthly trend of CPUE in in the Hampton estuary in terms of abundance and

1994 was similar to that observed during the species composition, to identify spatial and temporal

preoperational period. Legal sized lobsters in 1994 partems in community structure and abundance, and

were 5% of the total catch at the nearfield station and to assess whether observed changes are related to the

3% .at the farfield station, slightly lower than the operation of Seabrook Station. In April 1994, the

preoperational averages of 8% and 7% respectively, settling basin discharge was diverted offshore via the

The decrease in the percentage of legal sized lobsters cooling water discharge tunnel.

in the operational period is likely due to the increases

in the legal size limit. The mean monthly salinity at low tide in Browns
River during 1994 was lowest in spring, due to runoff,

in 1994,31 lobsters were impingeu in the Station's and highest in the summer when precipitation was

Circulating Water System. Four were impinged in lowest, a pattern similar to previous years. Salinities

1990,29 in 1991,6 in 1992, and one in 1993. The at both Browns River and Hampton Harbor were

current level ofimpingement does not pose a serious consistently lower at low tide than at high tide,
threat to the indigenous population. Seasonal patterns of salinity corresponded to variations

in precipitation. Mean monthly precipitation in 1994

Cancer spp. larvae had slightly lower abundances highest in March and September.

in 1994 than during the preoperational period at all
stations. The average density during the four year

i
1
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Mean monthly temperatures at Browns River at low due to the cessation of the discharge from the settling

tide during 1994 ranged from a low in February to a basin in April of 1994.

high in July, similar to previous years. Temperature
ranges in Hampton Harbor were narrower. At both
sites the monthly water temperatures during 1994 were Soft-Shell Clam

*

similar to the monthly values reported since 1979.
The objectives of the soft-shell clam (Mya aremna)

Salinity and water temperature data were collected monitoring programs are to determine the spatial and I

in January through May 1995 at Browns River. Salinity temporal pattem of abundance of various life stages

and water temperatures for the first five months of 1995 - of Mya arenaria in the vicinity of Hampton Harbor.

were within ranges for these months during previous Pelagic life stages may be subject to impacts from f
Seabrook Station operation due to entrainment into

years.
the Circulating Water System. Benthic stages (after

The general macrobenthic community structures at
settlement to the bottom) in the Hampton-Seabrook ;

both nearfield (Browns River) and farfield (Mill Creek)
estuary may be subject to impacts from discharges from j

stations in the vicinity of S L,vok Station were typical the Station's Settling Basin, which were eliminated

for East Coast estuarine areas with fine-grained in 1994. Nearfield/farfield comparisons of clam |
sediments. Species abundances and dominance in the

densities are also made between Hampton Harbor and ,

estuary are generally controlled by the physical a nearby estuary, Plum Island Sound, Ipswich, MA. |

environment, and the most numerous species are those ;
i

that toleiste fluctuating water temperatures and salinity Mya arenaria larvae vs i.d most weeks from May

and a changing sedimentary environment. Macrofaunal through October dunng the preoperational years. Peak

species composition in Browns River near the outfall
abundances in 1994 were seen in June and September i

was similar to Mill Creek, a control site located away and were above the p..ei, eional average. However, j

' from the influence of the settling basin discharge. The the overall operational mean larval abundance at all

dominant taxa collected at both sites included the three stations was not significantly different than the
'

polychaetes Streblosplo benedicti, Capitella copitara, preoperational means at both nearfield and farfield

Hedisse diversicolor and oligochaetes; all these stations. ,

organisms are classified as opportunists and have also

predominated in previous studyyears. In general, total Mean density in 1994 ofyoung-of-the-year (1-5 mm)

density, mean number of taxa and density of dominant clams on all three flats was less than the pieep sional

taxa in 1994 were within ranges repeited since 1978. mean and equal to the operational mean density.
Juvenile (26-50 mm) mean density in 1994 was less ,

De total macrofaunal density at the interudal station than the p+Eional and ogonal mean densities.
in the Browns River in 1994 was the highest recorded Spat (6-25 mm) and adult (>51 mm) mean densities

during the study period. Densities of both C. capitata in 1994 were greater than the operational and preopera-
'

and H. diversicolor increased in 1994, continuing a tional mean densities. Dere were no significant
i

trend that started in 1992. Densities ofH. diversicolor differences in densities of young-of-the-year, spat and

|
and S. benedicti in 1994 were within the range of juveniles between the preoperational and operational j

I
i previous years. Results ofANOVA tests did not show periods. However, the Preop-Op X Area term was

| 1994 to be significantly different from previous years significant for adults, which indicated differing trends :

!' at any station for any variable. There were no apparent between the preoperational and operational periods

! impacts on estuarine water quality or benthic community among flats. Adult clam densities iim d significant- ,

!
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ly at Flat 4, and decreased significantly at Flat 2 in the Hampton-Scabrook area during the operation

between the preoperational and operational periods. of Seabrook Station. Tech. Rep. XXII-II.

No changes occurred at Flat 1.
Padmanabhan M. and Hecker, G.E.1991. Cmnr.he

In 1994, the mean density of seed clams (1-12 mm) Evaluation of Hydraulic Model and Field Thermal

in Hampton Harbor (nearfield area) was lower than PlumeData,SeabrookNuclearPowerStation. Alden

the record set of 1993. Densities of seed clams in 1994 Research Laboratory, Inc.

in Plum Island Sound (farfield area) were lower than
the preoperational mean density and similar to the ;

operational mean. No significant differences.were
'

observed between the two areas, suggesting that
settlement has been unaffected by Seabrook Station.

.|

Clams in Hampton Harbor have historically been

subjected to predation from green crabs (Carcinus
!maenas) and human clam digging. Mean densities of

green crabs during the 1991 1994 operational period
were lower than preoperational densities for most of j

the year. Recreational clam digging resumed on Flats
1 and 3 in October of 1994. Despite intensive digging,

the effects ofharvesting were not apparent as densities

of adult and juvenile clams were similar to 1993
densities. r
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SUMMARY :
'

'!
.

Water quality measurements collected in 1994 were similar to those collected in previous years, although |*

temperatures fluctuated over a wider range between winter and summer than in any previous year. On average,
temperatures were warmer in 1904 than in 1992-1993, but cooler than in 1991. Salinities and dissolved oxygen|

concentrations were also lower dring summx and fall than in previous years. Monthly mean levels ofMa,pi-y m |

in 1994 were generally lower than the preoperational means, while total phosphorus levels were generally higher.
|

Monthly mean levels of nitrate, nitrite and ammonia were both above and below the preoperational means.
,

All water quality parameters showed a distmet seasonal pattem that was consistent throughout the monitoringj

program. With the exception of bottom temperatures, there were no significant preoperational-operanonal differencest

;

j (operational bouom temperatures were significantly wanner than preop.eional bottom temperatures). Small
'

!
but significam differences among stations were observed in surface and bottom temperatures and in d ,y;arpiate
and nitrate concentrations, although in each case relationships were consistent between the i4wgigional and |

operational periods.

1
~

Although surface dissolved oxygen concentrations declined at each of the three stations between the :

|
preoperational and operational periods, they declined more steeply at Stations P2 and P7 than at P5, as indicated

i

by a significant interaction term in the ANOVA model. This outcome does not appear to be temperature related,
since there was no sigmficant difference between preoperational and operational surface temperatures, and temperaturesi

at P5 were actually slightly warmer than at P2 and P7.
.

i
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i WATER OUALITY

i

,

2.0 WATER QUALITY of chlorme Residual levels of chlorine at the diffusers,

when measured, have been below detection limits.
,

2.1 INTRODUCTION

Water quality parameters were collected to aid in 2.2 METHODSi

4 interpreting information obtained from the biological

l monitoring program and to determine whether the 2.2.1 Field Methods
operation of the Seabrook Station Circulating Water
System has had a measurable effect on the physical Near-surface (-l m) water samples for nutrient.

and chemical characteristics of the water column..To .. analysis were collected during daylight hours using

provide information on the physical environment, water a General Oceanics' 8-L water sampler from the intake

: quality samples were collected in the vicinity of the (Station P2,16.8 m depth, MLW1. discharge (Station

Seabrook Station intake and discharge, as well as at P5,16 m depth, MLW), and farfield (P7,18.3 m depth,

a farfield location outside of the influence of Station MLW) sampling locations (Figure 2-1). Nutrient'

operation. Parameters measured included temperature, sampling commenced at Stations P2 and PS in 1978

salinity, dissolved oxygen, and nutrients. Potential and at Station P7 in 1982. Sampling continued until
.

impacts related to the cooling water system include 1981 at P5 and until 1984 at P2 and P7. Sampling

both that of tempersture, through the discharge of a resumed at all three stations in July 1986, and continued
.

; heated efflumt from the condensers, and the applicanon to the present. Water samples were taken once in j
I

of sodium hypochlorite as a biofouling control measure January, February, and December and twice monthly;.
" fmm March through November, in conjunction with

Sdwook Station employs a once-through Circulating the phytoplankton and microzooplankton sampling,'

Water System. Ambient ocean water is drawn into and within 24 hours of the weekly macrozooplankton
;

the system from approximately 7,000 feet offshore and ichtFyoplankton sampling.'

through three intake structures and returned through

j a multiport diffuser system approximately 5,500 feet Temperature, dissolved oxygen, and salinity
: offshore. All discharges are controlled under the measurements began in 1979 at Stations P2 and PS,

Station's Nanonal Pollutant Discharge and Eliminabon and in 1982 at Station P7. Sampling at P2 and P7

System (NPDES) Permit issued by the State of New conunued to the present; sampling at P5 was interrupted
;

| Hampshire and the Environmental Protection Agency from January 1982 until July 1986, but was sampled

j (EPA). This permit specifies that the temperature rise concurrently with P2 and P7 from July 1986 until the

shall not exceed 5'F (3*C) within the nearfield jet present. At all stanons, temperature and salinity profiles i

mixing region. This applies at the surface of the were taken in 2 m increments four times per month '

i receiving waters within 300 feet of the submerged during January through December with a Beckman*
,

diffuser in the direction of discharge. Thermistor Salinometer (through March 1989) or a

YSI'(Model 33) S-C-T Meter within 24 hours of the
Seabrook Station utilizes continuous low level weekly macrozooplankton and ichthyoplankton sam- i,

chlorination in the Circulating and Service Water pling. Duplicate dissolved oxygen samples were also i

Systems to control biofouling. Information was collected at near-surface (-l m) and near-bottom (1 |
,

| gathered through the Chlorine Minimization Program, m above bottom) depths. Samples were fixed in the

which assessed the effectiveness of chlorine application field with manganese sulfate and alkaline iodide-azide,<

in preventing biofouling while utilizing the least amount and analyzed by titration within eight hours of !
collection. Additionally, continuous operational

.
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Figure 2-1. Water quality sampling stations. Seabrook Operational Report,1994.

2-2

- _ _ _ _ _ _ _ - _ _ _ - - __ ___



-. . - - - . - - . - - . - . - . - . . . _ - - - - - - - - - . - - - - -

!

:

WATER OUAr rTY

|

temperature data from the discharge (Station DS), calculated as the arithmetic mean of all observations '

nearfield (Station ID) and farfield (Station T7) areas
within the year. The means of peopm.tional and

were collected beginning in August 1990 by Ocean operational collections were calculated as arithmetic ;

Surveys Inc. (OSI) as part of Seabrook Station's means of annual means over all years within each |
I

NPDES permit compliance proy.m (Figure 21). The period, which varied among stations and parameters. '

results of this monitoring are included in this section. The precision of the mean was described by its
coefficient of variation (Sokal and Rohlf1981). The
preoperational periods for the different analyses are ,

2.2.2 Laboratory Methods listed on the appropriate tables and figures; in all cases

the operational penod consists ofcollections from 1991-

Water quality samples were analyzed for five 1994. Collections from 1990 were not included in these

nutrients (total phosphorus, orthophosphate, nitrate, analyses since the year was divided between the ,

nitrite, and ammonia) using a Technicon* Autonnalyzer preoperational and operanonal penods, and the inclusion

Il system. All analyses were performed according to of partial years in each period would bias the means.

EPA Methods for Chemical Analyses of Water and

Wastes (USEPA 1979) and Standard Methods (APHA
Operational /preoperational and nearfield/farfield

differences in monthly means were evaluated using
1989).

a multi-way analysis of vanance procedure (ANOVA),

using a before-after-control-impact (BACI) design to

2.2.3 Analytical Methods test for potential impacts of plant operation. A mixed
model ANOVA developed by Northeast Utilities, based

Results from these collection efforts were used to
on recent review of the BACI model by Underwood

describe the seasonal, temporal, and spatial character- (1994) and Stewart-Oaten (1986), was used with all

istics of the water column within the nearshore waters
effects considered random, neept operational status

off Seabrook Station. Analyses used data from all (Preop-Op). Time and ler.ation of sampling were

stations, but focused on Station P2 since it was sampled w AJ random factors because both sampiing dates [

for a longer period of time than Stations P5 and P7. and selected locations rep: esented only a fraction of

Any values that were less than the detection limits were all the possible times and locations (Underwood 1994).

assigned a value equal to one-half of the detocuon limit The preoperational period for each analysis was ;

for computational purposes (Gilbert 1987). Seasonal specified as 1987-1989, whach was the period during

trends were analyzed using monthly anthmetic mean wiuch all three sianons were sampled concurrently (thus

temperatures and dissolved oxygen, salinity, and nuinent maintaining a balanced modei design). These results

concentrations. Monthly means for the preoperational were evaluated in conjunction with means calculated

and operational periods were calculated from the over all available preoperational years to help

monthly arithmetic means for each year within each di%ich between recent trends and long-term trends.

period, resulting in a sample size equal to the number

of years !n each period. Monthly means for 1994 were
calculated as the mithmetic average of all samples |

taken within a given month.

Among-year and between-period trends were
evaluated using annual or penod (preoperanonal, opera- |

tion) means. Annual means of 1994 collections were
'
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i 2.3 RESULTS at P2 (10.I'C) was the highest recorded during the
fifteen year study period (Figure 2-3). Differences'

2.3.1 Physical Environment between stations were small but significant, and Preop-

Op differences were not significant (Table 2-2).
Differences in surface temperatures between preopera-Temperature
tional and operational periods were consistent among

Monthly mean surface water temperatures at Station all three stations, as indicated by the non-significant

P2 followed a similar seasonal pattem during both the interaction term in the ANOVA model (Table 2-2). ;

preoperational and operational periods (Figure 2-2).
.

!-

In 1994 specifically, surface temperatures were coolest ' As noted for surface temperatures, monthly mean

.in February (2'C cooler than in January), then warmed bottom temperatures at each station were generally
.

by an additional 3.5'C by the end of April. The largest cooler during the wmter and warmer during the summer

consecutive monthly change in temperature occurred in 1994 compared to preoperational monthly mean
;

between June and July, when the average temperature temperatures (Figure 2-2). This is reflected in the wider

increased by 6*C. The annual maximum temperature range of temperatures observed in 1994 compared to

occurred in August. Warm temimaws continued the average range of temperatures recorded during the .

'

into September, but then began to cool, and declined preoperational period (Table 2-1). Average annual '

by 2.5-4.0*C per month through December. bottom temperatures were slightly warmer at Station

PS compared to P2 and P7 (by 0.2-0.4*C), as in the :

Monthly mean surfa:e temperatures recorded in 1994 preoperational period. Annual mean bottom tempera-

at Station P2 were lower than preoperational lower tures were warmer at each station in 1994 compared

95% confidence limits in January through April and to the entire and recent preoperational averages. ;
'

in June, similar to the preoperational mean in May, Differences between operational and preoperational

then greater than preoperanonal upper 95% wh temperatures were significant (Op> Preop), as were

limits by an average of 1.3'C through the last six differences among stations. However, the differences

months of the year (Figure 2-2). This is reflected in in bottom water temperatures between the preoperational I

the range of temperatures observed in 1994 (0.l*C to and operational periods were consistent at all three

20.3'C), which was 2.3*C wider than the average range stanons (i.e., no significant interaction term; Table 2-2).

of temperatures in the preoperational period (Table
2-1), and the widest of all individual preoperational Monthly mean differences between surface and

i

or operational years (Figure 2-3). Surface temperatums bottom temperatures (surface - bottom; Figure 2-4)

in 1994 at Stations PS and P7 followed the same indicated that the water column at each station was

seasonal pattern as observed at P2 (Figure 2-2). essentially isothermal (AT = -l'C to +1*C) $1 ring six

Temperatures at P2 and PS were slightly greater than
to seven of twelve months, during both operational

at P7, as was observed in the preoperational period and preoperational periods. A weak temperature {

(Table 2-1).
stratification began to develop in May in 1994, with
a AT of approximately 3 C. The maximum surface-

Average annual surface temperatures in 1994 were bottom difference of 6.6*C occurred in July.

wanner at each station compared to recent preopera- Temperature differences then began to decline to

tional years (1987-1989) and over all preoperational approxunately 3-4*C by September. The water column

years (Table 2-1). Temperatures in 1994 reversed a retumed to isothermal conditions by late October. .

cooling trend observed in 1992 and 1993 compared Average surface-bottom temperature differences at P2 |

to 1991, when the mean annual surface temperature were similar to r.ci icnaldifferences in all months

2-4 :
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TABLE 2-1. ANNUAL MEANS AND COEFFICIENTS OF VARIATION (CV,%) AND AVERAGE MINIMA AND MAXIMA FOR
WATER QUALITY PARAMETERS MEASURED DURING PLANKTON CRUISES AT STATIONS P2, PS, P7
OVER PREOPERATIONAL* AND OPERATIONAL (1991-1994) YEARS, AND Tile ANNUAL MEAN, MINIMUM
AND MAXIMUM IN 1994. SEABROOK OPERATIONAL REPORT,1994.

PREOPERATIONAL

ALL YEARS * RECENT YEARS * OPERATIONAL, 1994

PARAMETER I CV MIN MAX T CV MIN MAX Y CV MIN MAX T MIN MAX

TEMFERATURE (*C)
Surface

P2 9.1 8.0 1.5 18.5 9.0 3.0 1.2 18.5 9.4 5.4 1.4 193 9.6 0.1 203

P5 9.9 10.7 2.0 18.5 9.2 3.7 1.1 18.1 9.6 43 1.5 19.6 9.6 0.2 20.8

P7 8.7 63 1.4 18.0 8.8 3.6 0.9 18.2 9.2 4.8 1.6 18.9 93 0.7 19.8

Hottom
P2 7.I 8.8 1.7 14.4 6.6 2.7 1.1 14.0 7.4 7.5 1.8 15.I 7.7 0.9 16.0

P3 7.5 16.9 2.2 14.1 6.7 3.7 1.1 13.6 7.6 6.9 1.8 14.7 7.9 0.8 16.0

P7 6.9 93 1.6 13.6 6.4 3.1 1.0 13.9 7.2 6.9 1.6 14.0 7.5 0.7 15 3

$ SALINITY (ppt)
Surface

P2 31.6 1.4 28.4 333 31.6 1.1 26.9 33.4 31.5 1.5 28.1 33.6 30.9 27.2 33.1

P5 31.7 0.9 28.2 33.7 31.5 1.1 25.5 34.4 31.4 13 26.7 33.5 30.9 27.6 33.0

P7 31.5 13 26.7 33.6 31.4 1.0 25.0 33.5 31.5 13 27.8 33.6 31.0 26.8 32.8

.Bottom
P2 323 0.8 30.6 33.5 32.1 0.9 30.1 33.7 32.1 1.0 29.4 33.5 31.7 29.2 33.1

P5 32.2 0.6 31.0 33.5 32.1 0.7 30.5 33.6 32.1 I.1 28.0 33.5 31.6 28.8 33.0

P7 32.2 0.8 30.5 33.5 32.2 0.8 30.5 33.6 32.2 13 28.5 34.0 31.6 26.5 33.2

DISSOLVED OXYGEN
(mg/L)
Surface

P2 9.7 3.1 7.4 12.5 9.7 1.0 7.4 123 9.6 1.0 7.5 12.0 9.5 7.4 12.2

P5 9.6 4.6 7.6 I l .6 9.7 1.0 7.6 123 9.7 1.0 7.6 12.1 9.6 7.9 12 3

P7 9.7 1.0 7.3 12.7 9.7 13 7.4 12.2 9.5 1.0 7.4 I l .8 9.5 6.9 12.1

llottom
P2 9.2 4.6 6.6 12.0 9.2 4.2 6.6 11.7 9.1 3.8 6.4 I l .8 8.8 5.4 11.8

PS 9.0 6.8 6.7 I l.2 9.2 4.5 6.8 11.9 9.2 2.5 6.5 11.8 9.0 5.9 11.8

P7 9.1 2.5 6.1 12.5 9.I 4.4 6.4 11.7 9.1 3.3 6.4 11.7 8.7 5.4 11.6

(continued)
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TABLE 2-1. (Contimmed)

PREOPERATIONAL

Al I. YEARS' RECENT YEARS * OPERATIONAL 1994

PARAMETER T CV MIN MAX T CV MIN MAX T CV MIN MAX T MIN MAX

SURFACE NUTRIENTS
(98/1-)
Orthophosphate

P2 13.0 27.4 2.4 27.1 14.9 14.7 2.8 32.0 13.8 11.5 3.4 31.8 11.9 2.0 33.5

P5 12.1 22.7 1.9 34.9 14.6 12.2 23 37.7 13.5 13.2 33 29.9 I l.2 2.0 34.5

P7 15.9 10.2 23 32.8 15.6 11.4 2.5 33.7 143 8.2 4.4 32.4 12.8 2.0 34.5

Total Phosphorus ,

P2 25.8 18.8 9.1 52.0 29.2 11.8 11.7 533 27.0 7.7 14.4 513 28.9 11.0 44.0

PS 27.5 22.6 10.1 56.9 29.7 5.9 16.7 56.7 26.5 11.1 14.9 46.1 27.0 14.0 43.5

P7 29.1 12.2 113 56.8 31.0 13.2 13 3 60.0 27.5 9.5 11.9 53.5 29.6 10.0 65.0

Nitrite
w P2 2.1 30.9 0.6 5.5 2.1 16.2 0.5 6.0 23 9.5 0.6 6.0 2.4 0.5 5.0

oo P3 2.1 26.0 0.6 63 2.0 I3.6 0.5 6.7 2.1 25.6 0.6 53 2.9 0.5 5.5

P7 1.9 323 0.5 5.8 2.2 17.5 0.5 73 2.6 213 0.6 7.4 3.4 0.5 9.0

Nitrate
,

i '

| P2 40.0 20.9 5.5 156.5 44.0 24.5 5.0 170.0 40.0 173 3.1 148.8 383 2.5 160.0

P5 39.8 19.9 5.7 150.0 42.2 26.2 5.0 1633 36.6 28.0 3.1 142.5 32.6 2.5 150.0

P7 42.1 24.4 5.0 157.8 47.4 22.5 5.0 166.7 42.2 14.6 3.1 153.8 41.7 2.5 150.0

Ammonia *
| P2 6.4 10.7 5.0 20.0 - - - - 6.8 493 33 22.5 63 2.5 30.0

6.2 49.8 33 163 5.8 2.5 25.0
| P5 6.1 25.0 5.0 12.5 - - - -

) P7 7.6 18.8 5.0 25.0 - - -- - 6.9 47.1 33 213 5.2 2.5 25.0

i

"Mean of annual means, minima and maxima for preoperational years:
Water quality parameters: P2 = 1979-1989 Nutrients: P2 = 1978-1984,1987-1989

PS = 1979-1981,1987-1989 P5 = 1978-1981,1987-1989

P7 = 1982-1989 P7 = 1982-1984,1987-1989'

i*1987-1989; preoperational period specified in ANOVA (Table 2-2), mean of annual means. '

'llecause analytical methods for ammonia changed in April 1988, preoperational period for ammonia is

| April 1988 - December 1989.

|

|
|

'

'

i
i
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TABLE 2-2. RESULTS OF ANALYSIS OF VARIANCE COMPARING WATER QUALITY CHARACTERISTICS AMONG
STATIONS P2, PS, AND P7 DURING RECENT PREOPERATIONAL YEARS (1987-1989) AND
OPERATIONAL (1991-1994) YEARS. SEABROOK OPERATIONAL REPORT,1994.

MULTIPLESOURCE OF h
PARAMETER VARIATIONa DF MS F COMPARISONS

(ranked in decreasing order)

b
Surface Temperature Preop-Op ,c I 21.88 3.47 NS

Year (Preop)d 5 631 0.08 NS

Month 77 8338 1473.00 " *

Station [ Year)* 2 2.62 45.0l* Non-est.h

Preop-Op X Station 8 2 0.06 0.91 NS

Station X Year (Preop) 10 0.06 1.13 NS

Error 154 0.06

Bottom Temperature Preop-Op i 58.95 7.66* Op> Preop

Year (Preop) 5 7.69 ~ 0.23 NS

Month (Year) 77 3332 397.69' "
Station 2 1.47 21.72* Non-est.

Preop-Op X Station 2 0.07 1.08 NS
u
6 Station X Year (Preop) 10 0.06 0.75 NS

Error 154 0.08

Surface Salinity Preop-Op I <0.01 <0.01 NS

Year (Preop-Op) 5 7.65 1.49 NS

Month (Year) 77 5.17 62.9 t * "

Station 2 032 1.89 NS

Preop-Op X Station 2 0.17 2.86 NS

Station X Year (Preop) 10 0.06 0.72 NS

Error 154 0.08

Bottom Sclinity Preop-Op I 0.11 0.03 NS

Year (Preop) 5 432 236*

Month (Year) 77 1.80 36.50* "

Station 2 030 9.47 NS

Preop-Op X Station 2 0.03 0.40 NS

Station X Year (Preop) 10 0.08 1.59 NS

Error 154 0.05

(continued)
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TABLE 2-2 (Continued)

SOURCE OF MULTIPLE
hPARAMETER VARIATION" DF MS F COMPARISONS

(ranked in deeressing order)

Surface Dissolved Preop-Op I 1.61 4.05 NS
Oxygen Year (Preop) 5 036 0.12 NS

Month (Year) 77 3.01 170.73***
Station 2 0.12 2.84 NS .

Preop-Op X Station 2 0.04 8.72 " Prep 5 Prep 2 Prep 7>OpPS>OoP2 OoP7'

Station X Year (Preop) 10 <0.01 0.27 NS
Error 154 0.02

Bottom Dissolved Preop-Op I 0.73 0.18 NS
Oxygen Year (Preop) 5 4.00 0.79 NS

Month (Year) 77 5.04 190.80* "
Station 2 030 ' 4.27 NS
Preop-Op X Station 2 0.07 1.92 NS
Station X Year (Preop) 10 0.04 137 NS

g
Error 154 0.03'

o

O.1hophosphate Preop-Op I 71.12 0.76 NS
Year (Preop-Op) 5 %.98 0.44 NS

Month (Year) 77 218.54 73.86* "
Station 2 10.73 39.86* Non-est.
Preop-Op X Station 2 030 0.03 NS
Station X Year (Preop) 10 3.70 1.25 NS.
Error 154 2.%

Total Phosphorus Preop-Op I 519.40 1.73 NS
Year (Preop-Op) 5 303.53 0.% NS

Month (Year) 76 310.89 13.92 " *
Station 2 45.60 1.82 NS
Preop-Op X Station 2 25.06 0.87 NS
Station X Year (Preop) 10 28.69 1.28 NS

| Error 152 2233

|

!
,

(continued)
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TABLE 2-2 (Continued)

SOURCE OF MULTIPLE
hPARAMETER VARIATION" DF MS F COMPARISONS

(ranked in decreasing order)

Nitrate Preop-Op I 1554.67 0.49 NS
Year (Preop-Op) 5 322735 032 NS
Month (Year) 77 9992.97 246.65* "
Station 2 428.07 34.62* Non. est.

;

Preop-Op X Station 2 12.89 0.19 NS
Station X Year (Preop) 10 69.27 1.71 NS

Error 154 40.51

Nitrite Preop-Op I 3.49 0.83 NS
Year (Pecop-Op) 5 4.70 0.60 NS

Month (Year) 77 733 17.93 " *
Station 2 2.12 '4.83 NS
Perop-Op X Station 2 OA4 OA8 NS
Station X Year (Preop) 10 0.92 2.24*

Error 154 0.41

Y
Z Ammonia Preop-Op I 0.89 <0.01 NS

Year (Preop-Op) 4 320.25 10.03 " *

Month (Year) 63 33.96 639"*
Station 2 1531 4.38 NS
Preop-Op X Station 2 3.18 0.93 NS
Station X Year (Preop) 8 3.28 0.62 NS
Error 126 531

Based on averaged monthly collections for all parameters NS = not significant (p 2 0.05)C

bPreoperational years: 1987-1989 et each station for all parameters except ammonia, * = significant (0.05 2 p>0.01)
'

which was April 1988 through December 1989 ** = highly significant (0.012 p >0.001)

cPreoperational versus operational period, regardless of station "* = very highly significant (0.0012 p) '

dYear nested within preoperational and operational periods, regardless of station
' Month nested within year nested within preoperational and operational periods, regardless of station
IStation P2 versus PS versus P7, regardless of year

Einteraction between main effects
h SMEANS test for differences among stations was non-estimablel
' Underlining indicates no significant difference based on a test ofII,: LSMEAN(i)=1.SMEAN(j).

.
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Figure 2-4. Monthly mean diffeJence and 95% confidence intervals between surface and
bosom temperatures ('C) at Stations P2, PS, and P7 for the preegr.dorsl |
period (1979-1989) and monthly means for the operational period (1991 1994) i

1

and 1994. Seabrook OperationalRepott,1994. ,
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IWATER OUALITY
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,

;

in 1994 except July, when the mean difference was T7 (farfield) by OSI in 1994 showed a similar seasonal
'

nearly equal to the upper 95% confidence limit of the pattern as temperatures recorded at the water quality

July preoperational mean difference. stations, including a distinct August peak that was 1 *C

(T7) to 3*C (DS) cooler than in 1993 (Figure 2-5).

Although Seabrook Station was off-line for four The annual mean temperature at DS decreased between j

months in 1994 (April-July), continueus surface 1991 and 1993 (Table 2-3). Temperatures measured

temperatures recorded at Stations DS (discharge) and in 1994 at both T7 and DS were cooler than during

|

Stations DS (Discharge) & T7 (Fa@@
ns

so . ------- ri
18 -

| 16A / \
14 - \ / \g

g 88 . 's om.Na canan.d / 's 'Ns

\, 'g \ Smiian Ofr-Ins \

\ \ < \
h
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Figure 2 5. Comparison of monthly averaged continuous teroperature ('C) data collected at the surface at
discharge (DS) and farfield (T7) stations dunng commercialW. don, August 1990 August
1994. Seabrook Operational Report,1994

!

TABLE 2-3. ANNUAL MEAN SURFACE TEMPERATURES * AND COEFFICIENTS
OF VARIATION (CV,%) AT STATIONS DS AND T7 DURING
OPERATIONAL MONITORING CONDUCTED BY YAEC.
SEABROOK OPERATIONAL REPORT,1994.

STATION DS STATION T7

YEAR MEAN CV MEAN CV

1991 10.6 38.9 9.9 4E.I

1992 9.4 41.9 8.3 54.6

1993 9.2 53.3 8.6 57.4

1994 9.4 61.6 8.3 72.4

*mean of monthly means; n=12 in 1991 and 1993; n=11 in 1992; n=8 in 1994

2-13
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the three pmious years during January, February, Two types of meters were used to measure salinity

March and August (Table 2 4). Temperatures were over the sixteen year monitoring period: a Beckman

about average in September, but were then warmer salinometer from 1979-1989, and a YSI CTD meter

than usual during the fourth quarter. from 1989-1994. Adistinctdownwardtrendin annual
mean salinities was observed during 1989-1993 (NAI

Monthly mean tempisms at DS were generally and NUS 1994). A laboratory verification program

1-2*C warmer than at T7 in all months in 1994 except was undertaken in 1994 to determine if this decline

inA( st, when temperatures at the two stations were
was related to meter performance. Although the field |

nearly equal (Table 2-4). These average monthly AT meter consistently passed quality control procedures

values (DS-T7) showed full compliance with the as outlined in NAI (1994), analyses of duplicate samples
'

Station's NPDES permit, which has been the case from September-December by the Estuarme Chemistry

throughout the operational period. Lab at the University of New Hampshire (UNH)
revealed that the observed decline was, at least in part, ,

a function of meter drift. Further inspection of results !

from 1989-1994 revealed that the drift was approximate- |SaHahy
ly 0.029 ppt / month. These obsersations were corrected |

j, Monthly average surface salinities followed a distmet by applying a drift correction, a simple, progressive i

i seasonal pattem (Figure 2-6) that was related to linear addition of the fraction of the total drift applicable !

I freshwater influx and precipitation, air temperatures to each weekly salinity value within the time period |

| and winds, and tides and currents. Several major of March 27,1989 to D~~hn 27,1993. Salinity ;

} freshwater sources influence salinities observed in the
measurements taken in 1994 were corrected against f

nearshore area off Hampton Harbor, including the the duplicate samples processed by UNH. A regression <

| Androscoggin and Kennebec Rivers in Mame (Franks equation relating field and lab measurements for [
;

I

| and Anderson 1992), the Piscataqua River in New September-December in 1994 was developed, then used

Hampshire and the Merrimack River in Massachusetts to adjust field measurements from January-August'

(NAl 1977). Salinities were typically highest during sampling. September-December salinity measurements ;
;

i the colder months due to low precipitation and runoff. from UNH were used in combination with the adjusted

Salinities declined to their lowest levels of the year January-August measurements for analytical purposes.
!

.

when freshwater influx reached its peak level in the;

; spring, due to spring storms combined with snow melt. Seasonal patterns of surface and bottom salinity were ;

j Bottom salinities exhibited a similar but less praa-W similar between preoperational and operational periods, j

seasonal panem. Waters within the study area are although salinities measured at Station P2 during-

relatively shallow,thus storms and strong currents can, summer months in 1994 were 1-3 ppt lower than

at times, affect the entire water column (NAI 1979), preoperational monthly means and summer bottom |

|
However, bottom waters in 1994 generally exhibited salinities were 12 ppt lower than preoperational l

,

a more stable temperature and salinity structure monthly means (Figure 2-6). Differences between ;
i

compared to surface waters, i.e., temperature and operational and gw,pigional salinities were not
,

salinity changed at a faster rate arid to a larger degree significant at either surface or bottom depths (Table |
, '

1 - over the course of the year in surface waters when 2-2). Over both the gw,gigional (all years and recent
i

compared to bottom waters. years) and operational periods, both mean surface and

2-14
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TABLE 2-4. MONTilLY MEAN SURFACE TEMPERATURES ('C) AND TEMPERATURE DIFFERENCES (AT,*C) BETWEEN DISCHARGE (DS) AND FARFIELD
(T7) STATIONS COLLECTED FROM CONTINUOUSLY-MONITOREDTEMPERATURESENSORS JULY 1990-DECEMBER 1994.
SEABROOK OPERATIONAL REPORT,1994.

1999 1991 1992 1993 1994

MONTH DS T7 AT DS T7 AT DS T7 AT DS T7 AT DS T7 AT

DISCHARGE - FARFIELD (SURFACE)
JAN -' - - 6.47 4.71 1.76 6.02 432 1.70 5.69 3.80 1.89 4.12 2.57 1.55
FEB - - - 538 4.17 1.21 4.74 2.92 1.82 3.52 1.38 2.14 2.23 132 0.91
MAR - - - 5.11 3.78 133 4.94 3.16 1.78 3.26 1.63 1 63 2.69 1.73 0.%
APR - - - 6.99 637 0.62 5.93 4.26- 1.67 5.04 4.44 0.60 - - -

MAY - - - 10.43 10.21 0.22 10.52 1032 0.20 10.74 10.02 0.72 - - -

Y JUN - - - 13.81 13.70 0.11 11.94 11.84 0.10 11.65 10.53 1.12 - - -

G JUL I4.54 14.63 -0.08 14.58 15.02 -0.44 13.81 14.16 -035 15.92 -14.54 139 - - -

AUG' 18.16 1836 -0.20 16.86 17.06 -0.20 15.61 14.69 0.92 18.77 16.69 2.08 15.44 15.53 -0.09
SEP 1631 16.09 0.22 15.66 15.69 -0.03 14.03 12.69 134 11.62 12.19 -0.57 1633 15.47 0.86
OCT 13.04 12.11 0.93 11.87 11.68 0.19 - - - 10.13 11.27 -1.14 13.94 12.69 1.25
NOV 10.24 9.44 0.80 11.00 933 1.67 9.01 7.59 1.42 8.03 933 130 11.77 10.37 1.40
DEC 8.91 7.32 1.59 8.45 6.81 1.64 732 5.61 1.71 5.64 7.55 -1.91 8.74 6.90 1.84

Tommercial operation began in August,1990.
' Data either not collected, or an equipment failure occurred.
'Seabrook Station was offline April-July.

!NOTE: ID (surface, mid-depth, bottom) and T7 (mid-depth and bottom) sensors decommissioned July 1,1993.
See 1993 Seabrook Operational Report for data summary.
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i

mean bottom salinities have been similar among the mean bottom dissolved oxygen concentration was the

three stations (Table 2-1). These relationships have only observation that was higher than the preoperational

remained consistent regardless of the operational status upper 95% confidence limit.

of Seabrook Station (Table 2-2).
Preoperanonal-operational differences in mean surface !

Even with the drift correction, long-term annual and bottom dissolved oxygen concentrations were small

salinity means suggest the gee of downward trends (s0.2 mg/L, Table 2-1). 'Ihe interaction between the

at all stations and at both depths (Figure 2-7), Preop X Op and Station terms was significant for

particularly over the last four years. A similar surface dissolved oxygen concentrations (Table 2-2).

phenomenon was observed at the Maine Department Operational concentrations at PS were significantly

of Marine Resources West Boothbay Harbor long term greater than concentrations at P2 and P7, while there

environmental monitoring station. This station is fairly were no differences among the stations during the recent

comparable to the Seabrook water quality stations; preoperational period.

although in a more protected location, there is relatively

little freshwater input to the harbor. Long term (1966- This interaction term is illustrated in Figure 2-8,

1985) annual mean surface salinities (taken at-5.5 feet
and shows that the significant interaction occurred i

MLW) at the West Boothbay Harbor station ranged because surface DO concentration decreased more j
!

between 30 and 32 ppt (MDMR 1987), and in recent steeply between the recent preoperational and

years annual mean salinity has declined from 30.7 ppt operational periods at Stations P2 and P7 compared

in 1990 to 29.2 ppt in 1993 (MDMR 1991,1992,1993, to Station PS. In general, the decrease in DO

1994). Boothbay harbor salinities rebounded slightly concentrations at each station may be due to the overall

in 1994, to an annual mean of29.8 ppt (MDMR 1995). increase in temperature between recent preoperational

years and operational years (although Op-Preop
differences were not statistically significant for surface

Dissolved Oneen temperature). As temperature uniformly increased at
all three stations, it is unlikely that the steeper decrease

Surface and bottom dissolved oxygen concentrations in surface DO at P2 and P7 was related to temperature.

exhibited a seasonal pattern in 1994 similarto previous

years (Figure 2-6). Dissolved oxygen concentrations

were highest during the cooler winter months, and 2.3.2 Nutriests

peaked in late winter (February and Mvch); concentra-

tions were lowest during August through October when Phosphorus Species

temperatures reached the annual maximum (Figure 2-2).

Operational and 1994 mean surface concentranons were Monthly mean surface orthophosphate concentrations

within preoperational 95% confidence limits during followed a distinct seasonal pattern in 1994 that was
i

all months except for July (1994 < LCL), September typical of earlier years (Figure 2-9). Concentrations

and October (Op and 1994 < LCL) and November were highest during late fall to late-winter, and lowest

(1994 < LCL). Mean bottom concentrations in 1994 during summer months. This pattern, typical of

were lower than preoperational confidence limits in nutrients in northern temperate waters in general, is

April and June through November. The March 1994

2-17
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caused largely by the uptake of phosphorus during the of 1987-1994, however, differences among stations

warmer months by primary producers (Section 3.0). were not significant, nor was the interaction of the main

effects (Table 2-2).

Orthophosphate concentrations during January,
November and December in 1994 exceeded preopera-

tional upper 95% confidence limits, but monthly mean Nitronen Snecies

concentrations in March, May and September were

lower than g+ 4onal lower 95% confidence limits. Nitrate concentrations exhibited the same strong

Annual mean orthophosphate concentrations in 1994 seasonality observed in phosphorus concentrations

were approximately 1.0-3.5 mg/L lower than (Figure 2-10). Monthly mean concentrations in 1994

preoperational (all years and recent years) means. were within preoperational 95% confidence limits in

only four months (January, April, October andOperational-preoperational (recent years) mean
differences ranged from 0.8 to 1.1 mg/L (Table 2-1), November). Monthly means in 1994 exceeded upper

and were not statistically significant (Preop-Op term, confidence limits in February and December, but were

Table 2-2). Differences between stations,duringboth lower than lower confidence limits in the remaining

periods, were also not significant, nor was the six months. The annual mean concentration observed

interaction ofmain effects (Preop-Op X Station, Table in 1994 was less than during the period 1987-1989 :

at each station (Table 2-1). Operational means were j
2-2).

lower at each station compared to the recent preopera-

Trends in total phosphorus concentrations were tional years (Table 2-1), although these differences

similar to trends in orthophosphate on a seasonal basis were not significant (Table 2-2). Station differences

(Figure 2-9). Monthly mean total phosphorus were small but significant over all years, but the

concentrations observed in 1994 fell within the 95%
interaction between main effects was not significant.

|

confidence limits of preoperational monthly means ,

during only six months of the year. Monthly means Nitrite concentrations exhibited a weaker monthly |

in 1994 ex-dad gewional upper 95% confidence (seasonal) pattern compared to other nutrients (Figure

limits in April, July, September, October andNovember. 2-10). Over the whole year, monthly mean concentra-

The August 1994 mean concentration was lower than tions in 1994 were variable, and neaadad gevim sonal j

the preoperational lower 95% confidence limit. Both upper 95% confidence limits in some months (March,

the operational and 1994 mean concentrations were June, July, December) and were less than preoperational )

lower than preoperational means (all years and recent lower 95% ennMance limits in September. Operati. aal

years), at all three stanons (Table 2-1). However, there and preoperational annual mean concentrations were

were no significant differences between operational not significantly different, nor were station differences

i and preoperational mean concentrations (Table 2-2). (Table 2-2). As with other nutrients, the interaction

term was not significant.

Over all operational years, mean total phosphorus
concentrations differed on an annual basis by no more Ammonia concentrations did not show the distinct

than 1 mg/L among the unee stations (Table 2-1). seasonality observed in other nutrients (Figure 2-10).

Over all preoperanonal years, among-station differences Monthly mean concentrations in 1994 were higher than

as large as 3.3 mg/L were observed. Over the period preoperational monthly means in April, May, August"

| 2-21
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1

and December (Figure 2-10). Operational-preopera- were consistent between the preoperational and

tional differences over all stations were not significant operational periods.

nor were station differences, nor was the interaction

term (Table 2-2).
One parameter showed differing trends berween

nearfield and farfield stations during the operational
,

period. Surface dissolved oxygen concentrations |

declined at each station between the prwp Jonal and
2.4 DISCUSSION

operational periods, ahhough they declined more steeply

The seasonal cycles of all 1994 water quality at Stations P2 and P7 compared to PS. This decline

parameters were consistent with those of pcwpmional most likely occurred in response to increasing

years. For some parameters, however, the magnitude temperatures during the operational period (particularly
;

of the seasonal cycle was greater than in past years. in 1991 and 1994), although there was not a significant

For example,1994 winter temperatures were cooler difference between operational and preoperational

than usual (i.e., versus all preoperational years),'while surface temperatures. This unequal decline resulted i

summer temperatures were warmer than usual. in a significant interaction term in the ANOVA model.

Temperature fluctuated over a wider range in 1994 Surface temperatures at Station P5 were slightly wwmer

than in any previous year. The year on average was than P2 and P7 during both periods; thus the decrease

J
warmer than 1992-1993, but cooler than 1991, the in dissolved oxygen does not appear to be temperature

warmest year of the entire monitoring period. related. If the unequal decline in dissolved oxygen !

concentrations was due solely to temperature,

Overall, operational water quality parameters were temperatures at P5 would be expected to be lower than

i not significantly different from recent preoperational at the other two stations.

averages. One exception was bottom temperatures.

Operational bottom temperatures were significantly The results of the analyses of water quality

warmer than recent p-po sonal bottom temperatures. parameters highlight the vyclical and variable nature

In 1994, average operational bottom temperatures were of these parameters. With the exception of surface
.

0.8-0.9'C warmer than average recent preoperational dissolved oxygen, all preoperational and operational

temperatures, but only 0.1-0.3*C wartne- than the patterns have remained consistent (Table 2-5). Overall,

average preoperational tempentures over all preopera- no localized effects due to the operation of Seabrook |
,

; tional years. This reflects the cyclical nature of the Station were observed.

i long term water temperature measurements. Long term

salinity measurements also showed a cyclical pattem,

with a downward trend evident beginning in 1990, in

part related to changes in instrumentation. J

Water quality measurements have generally remained

similar among the three stations. Small but significant

station differences were detected in surface and bottom

j temperatures and in orthophosphate and nitrate
concentrations. In each case, however, these differences

2 23
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TABLE 2-5. SUMMARY OF POTENTIAL EFFECTS OF SEABROOK STATION ON
AMBIENT WATER QUALITY. SEABROOK OPERATIONAL
REPORT,1994.

OPERATIONAL PERIOD SPATIAL TRESTS
SIMILAR TO RECENT PRE- CONSISTENT WITH

b

PARAMETER DEPTH OPERATIONAL PERIOD?' PREVIOUS YEARS

Temperature surface yes yes

bottom Op>Pseop yes

Salinity surface yes yes'

bottom yes yes

Dissolved oxygen surface no no;
P2,P7: Op= Preop

PS: Op< Preop

bottom yes yes

Nitrite surface yes yes

Nitrate surface yes yes

Ammonia surface yes yes

Orthophosphate surface yes yes

Total phosphate surface yes yes

' based on ANOVA for 1987-1994, when all 3 stations were sampled concurrently

4REOP-OP X STATION term in ANOVA model

2-24
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SUMMARY

The phytoplankton community historically has been highly variable in species composition and abundance.
This trend has continued during the operational period. Taxa of the class Bacillariophyceae (diatoms) dominated
the community numerically throughout the operational period and in 1994, although in 1992 the PrymMaphyceae
taxon Phaeocystis poucherii was dominant because of its spring bloom. Such shifts between diatoms and P.'

pouchetii were also observed during the preoperational period. Total community abundance and abundance of
the selected species (the diatom Skeletonema costarum ) varied year to year during the operational period. Chlorophyll
a concentration was also variable year to year, but was independent of abundance. For example, during 1992
the increase in abundance without a corresponding increase in chlorop'ayll a concentration was likely due to
the exceptionally high numbers ofPhaeocystispouchetil, a small-celled form. No significant differences in phyto-
plankton abundance, chlorophyll a concentration, or abundance of Skeleronema costatum were observed between
the preoperational and operational periods. Community composition during the operational period was relatively
similar to that observed historically. Any differences observed during the operational periods occurred at both
the nearfield and farfield stations. Thus there was no indication of an impact resulting from the operation of

,

Seabrook Station.
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3.0 PHYTOPLANKTON (3.785 L) was reserved for chlorophyll a analyses.
Weekly paralytic shellfish poison (PS P) toxicity levels |

I
3.1 INTRODUCTION from mussels collected in Hampton Harbor were'

provided by the State of New Hampshire.'

ne phytoplankton monitoring program wu initiated

i to identify seasonal, annual, and spatial trends in the
,

!

phytoplankton community, to determine if the balanced 3.2.2 Laboratorv Methods

i indigenous phytoplankton community in the Seabrook
area has been adversely influenced, within the Phytoplankton samples were prepared for analysis

framework of natural variability, by exposure to the - following the steps outlined in NAI (1991). One

thermal plume. Specific aspects of the community randomly-selected replicate from each station and

evaluated included phytoplankton (taxa h 10 m in sample period was analyzed for all taxa and a second |
,

size) abundance and species composition; uhraplankton replicate was analyzed for the selected species Stele-
'

| (taxa < 10 m in size) abundance and species tonema costatum only. Two 0.1-mL subsamples from

composition; community standing crop as measured each replicate were withdrawn and placed in Palmer-

by chlorophyll a concentrations; abundance of the Maloney nanoplankton counting chambers. For those'

selected species (Skeletonema costatum); and toxicity replicates selected for taxonomic analyses, the entire
4

.

levels of paralytic shellfish poison (PSP) as measured contents of the chamber were enumerated and identified

in the tissue of the mussel Myrilus edulis in the to the lowest possible taxon, usually species.'

Hampton-Seabrook area.
Procedures for preparation of chlorophyll a wateri

samples followed steps outlined in NAI (1991).
j

3.2 METHODS Following the extraction of the plant pigment,
;

fluorescence was detennined and chlorophyll a'

3.2.1 Field Methods concentrations ( g/L) were computed.

Near-surface (-l m) water samples for phytoplankton

and chlorophyll a analyses were collected during 3.2.3 Analytical Methods

daylight hours at Stations P2 (intake), PS (discharge)
;

; and P7 (farfield) (Figure 3-1) using an 8-L Niskin Members of the phytoplankton community were

bottle. Collections were taken once per month in classified into two size fracnons as defined by Marshall
4

: January, February and December, and twice monthly and Cohen (1983): ultraplankton (<10 m) and

from March through November. Sampling occurred phytoplankton(210 m). Thesegroupswereanalyzed
,

at Station P2 from 1978-1984; froin 1978-1981 at separately. During the earlier years of the Seabrook

Station P5; and from 1982-1984 at Station P7. program, ultraplankton forms were only partially

Chlorophyll a collections resumed at all three stations identifed (the picoplankton size fraction, or forms <2.0

in July 1986 and phytoplankton collections resumed m in size, were generally not identified). Beginning

in April 1990. Dese collections continued on this in the mid 1980s, an effort to identify these smaller

schedule through December 1994. From each whole forms was initiated throughout the scientific community
<

water collection, two one-quart (0.946 L) jars containing (Stockner 1988). His effort plus use of an improved

10 mL of a modified Lugol's iodine fixative were filled identification technique (phase contrast microscopy)

for phytoplankton taxonomic analyses and one gallon was undertaken on this project when the phytoplankton

program was re-initiated in 1990. These issues and
,

3-1
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1

their impacts on ultraplankton enumeration were of sampling were considered random because both

j discussed in more detail in NAI (1992b). Since the sampling dates and selected locations represented only

ultraplankton have been enumerated in greater detail a fraction of all the possible times and locations j
-

i

during the operational period than during the (Underwood 1994). Preoperational periods for each

j preoperational period, an impact assessmentthat relies analysis are listed on the appropriate figures and tables. |
'

| on comparisons between the two periods was not For all preoperational comparisons, the focus was on

,

appropriate. Therefore, analyses focused only on intake Station P2 because it had the longest time series

nearfield-farfield comparisons during the operational of data. In all cases the operational period evaluated

period. in this report includes collections from 1991 1994.2

1 ,

Seasonal abundance pattems of the phytoplankton Weekly mean PSP toxicity levels were anthmetically
I

assemblages during the preoperational and operational averaged over the g+ 41onal and operational periods

periods were compared graphically using log (x+1)- and examined graphically.
.|

I transformed monthly mean abundances for ultraplank-

! ton, total phytoplankton and the selected species'(Skel- |
eronema costatum; Table 3-1). A decision was made 3.3 RESULTS

]
to move the dinoflagellate Oxytoxum sp. from the

r

ultraplankton group to the phytoplankton group in 1994 3.3.1 Total Commenity

based on new information conceming the size range"

; of the genus. Slight changes in preoperational mean 3.3.1.1 Phytoplankton

abundances resulted. He log (x+1) transformation
,

was performed on the sample period mean prior to '---' Trends at Station P2
,

calculating monthly means. Temporal (preoperational-

i ogrational) pattems in species abundances were Monthly abundances during 1994 and the operational

evaluated using geometric means and community period were within the 95% confidence intervals

composition was evaluated by examining the percent established for the preoperational period with the
:

composition of dominant (>1%) taxa. Chlorophyll a exception of the early spring (March and April) and

temporal and seasonal comparisons were based on early fall (September)(Figure 3-2). The increased
:

untransfonned monthly and yearly arithmetic mean abundanct 5 during 1994 consisted of high counts of
,

concentranons. De similarity among the three stations Phaeocystispoucherif (Prymnesiophceae) and chain

with respect to species composition of the dominant forming dusoms (Bacdianophpese). Seasonally, dunngi

phytoplankton taxa was evaluated statistically using both preoperational and operational periods, the most

a multivariate analysis of variance procedure distinct period of peak abundance occurred in the fall

j (MANOVA, Harns 1985). Operanonal/preoperational (September / October).

and nearfield/farfield differences in total abundances,

| ofS. castarum and phytoplankton and mean chlorophyll On average, diatoms (Bacillariophyceae) Anminata

:
a concentrations were evaluated using a multi-way the phytoplankton assemblage during 10 of 12 months

e** during the preoperational period, while colonies oftheanalysis of vanance procedure (ANOVA, SAS In
'

Inc.1985). A mixed model ANOVA developed by Prymnesiophyceae taxon Phaeocystis pouchetii
;

Northeast Utilities, based on recent reviews of the BACI damin='M during April and May and composed a minor

i model by Underwood (1994) and Stewart-Osten et al. pomon of the assemblage in August (Figure 3-2). This

(1986), was used with all effects considered random pattem of seasonal succession in phytoplankton is well
;
'

except operational status (Preop-Op). Time and location documented in other northem temperate coastal waters

4
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TABLE 3-1. SUMMARY OF METIIODS USED IN EVALUATION OF THE PilYTOPLANKTON COMMUNITY.
SEABROOK OPERATIONAL REPORT,1994.

DATES USED DATA SOURCE OF
ANALYSIS TAXA STATIONS IN ANALYSIS' CIIARACTERISTICS VARIATION

PIIYTOPLANKTON
Percent Composition All P2 1978-1984; Monthly and annual --

1991-1994 arithmetic mean
abundances

P2,PS,P7 1994 Monthly arithmetic mean -

abundances

5 Abundance All P2,P5,P7 1978-1984; Monthly log (x+1) and -

1991-1994 annual geometric mean
abundances

Skeletonema costatum P2 1978-1984; Monthly log (x+1) and -

1991-1994 annual geometric mean
abundances

MANOVA 18 dominants P2,PS,P7 1994 Monthly log (x+1) mean Station
abundances; species <l%
of total abundance not
included

ANOVA All P2,P7 1982-1984; Monthly log (x+1) mean Preop-Op, Year,
1991-1994 abundances Month, Station

Skelefonema costatum P2,P7 1982-1984; Monthly log (x+1) mean Preop-Op, Year,
1991-1994 abundances Month, Station,

| P2,P5 1979-1981; Monthly log (x+1) mean Preop-Op, Year,
1991-1994 abundances Month, Station

.

(continued)

_ _ _ _ _ _ ___- __ _- - _ ___ _____ ______ _ _ _ _ _ _ _ _ _ _ _ _ _ __ -



TABLE 3-1. (Continued)

DATES USED DATA SOURCE OF
ANALYSIS TAXA STATIONS IN ANALYSIS' CHARACTERISTICS VARIATION

ULTRAPLANKTON
Percent Composition All P2,PS,P7 1994 Monthly arithmetic mean -

abundances

Abundance All P2,PS,P7 1991-1994 Monthly log (x+1) and -

annual geometric mean
abundances

y ANOVA All P2,PS,P7 1991-1994 Monthly log (x+1) mean Year, Month,
abundances Station

CilLOROPilYLL a
Concentration -- P2 1978-1989; Monthly arithmetic mean -

1991-1994 concentrations
P2,PS,P7 1978-1984; Annual arithmetic mean -

1987-1989; concentrations
1991-1994

ANOVA -- P2,PS,P7 1987-1989; Monthly arithmetic mean Preop-Op, Year,
1991-1994 concentrations Month, Station

PSP TOXICITY -- - 1983-1989; Weekly arithmetic nican -

1991-1994 concentrations

"PREOPERATIONAL PERIOD: B. CIILOROPilYLL a
A. PIIYTOPLANKTON P2 = 1978-1984, 1987-1989

1978-1984 P5 = 1978-1981, 1987-1989P2 =

1978-1981 P7 = 1982-1984, 1987-1989PS =

1982-1984 OPERATIONAL PERIOD: 1991-1994, all stations and parametersP7 =

_ _ _ _ _ _ . _ _ _ _ - _ - _ - _ - _ _ _ - _ _ - - _ _
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(Cadee and Hegeman 1986; Peperzak 1993). Other A_mone-Year Trends at Station P2
groups, primarily the dinoflagellates (Dinophyceae),
were present in low numbers throughout the summer Phytoplankton abundances at Station P2 showed large |

during the preoperational period. Seasonalsuccession shifts from year-to-year throughout both the preopera- |
during the operational period showed a similar pattem, tional and operational periods (Figure 3-3). The i

with diatoms dominant in all months except March operational geometrie mean abundance (192,000 cells /L) j

and April, when P. pouchetil was dominant and during was higher than the preoperational mean abundance |

May when Dinophyceae (particularly Oxyroxum sp.) (119,000 cells /L; Table 3-2). This was due in large 1

and Bacillariophyceae were co-dominant. The part to the high annual mean abundance during 1992 |
'

dominance of f.pouchettiin operational averages was - (361,600 cells /L), which was higher than in any

due to the extremely high numbers encountered in 1992 individual preoperational year (Figure 3-3). The

and 1994 (NAI 1993a, NAI 1995). This is in contrast geometric mean abundance in 1993 (123,700 cells /L) |
to a nearly complete absence of P. poucherit in 1991 was the lowest of the operational period and lower than

(NAI 1992b) and 1993 (NAI 1994).
in iin cfi: .;;ven preoperational years (Figure 3-3). ;

|
,

d
TABLE 3-2. GEOMETRIC MEAN ABUNDANCE (x 10 cells /L) OF PHYTOPLANKTON

(;h10 m), SKELETONEMA COSTATUM, AND CHLOROPHYLL a CONCEN-
TRATIONS (mg/m ) AND COEFFICIENT OF VARIATION (CV,%) FOR3

THE PREOPERATIONAL AND OPERATIONAL (1991-1994) PERIODS,
AND 1994 GEOMETRIC MEANS. SEABROOK OPERATIONAL
REPORT,1994.

PREOPERATIONAL. OPERATIONAL 1994

STATION T* CV (YEARS)b 7: CV I

PHYTOPLANKTON
P2 11.86 4.9 (78-84) 19.20 3.9 20.35

P5 12.60 4.0 (78-81) 23.47 4.3 21.13

P7 9.95 4.3 (82-84) 17.50 3.5 25.89 |

SKELETONEMA ,

'

COSTATUM
P2 0.21 45.1 (78-84) 0.79 30.1 0.86 !

P5 0.11 69.0 (78-81) 0.62 32.9 0.46

P7 0.19 32.6 (82-84) 0.50 37.7 0.61

CHLOROPHYLL a
P2 0.78 68.1 (87-89) 0.80 69.8 1.06

PS 0.88 70.8 (87-89) 0.82 63.9 0.96

P7 0.75 63.4 (87-89) 0.77 59.8 0.95

*Mean of annual means,
b( ) = preoperational years.

3-7
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Based on historical data, the annual phytoplankton Further evidence of the variability within the

community at Station P2 can be divided into four major phytoplankton community is the range of abundances
,

f

j componentsi Skeleronemacostarum (Bacillariophyceae), ofPhaeocystispoucheriithat have occurred during this

) all other diatom taxa, Phaeocystis pouchetil, and all study. During the preoperational period the range was

{
remainingtaxa. Althoughthesegroupingsaredescrip- less than 1% in 1982 and 1984 to 76% in 1983 (Figure

tive ofboth the preoperational and operational periods, 3-3). During the four operational years, P. pouchetii'

the relative imponance of each group or species, as ranged from less than 1% in 1991 and 1993 to 47%
;

well as individual abundances, varied considerably on of the 1992 assemblage. During 1994 P. poucherii

a year-to-year basis (Figure 3-3). However, diatoms accounted for approximately 4% of the population.

(including S costarum) were the dominant phytoplank-4 De exceptionally high abundances in 1992 caused this

ton throughout this study with the exception of 1981 species to represent 25% of the overall operational

]
and 1992, when diatoms and P. pouchetil were co- assemblage.

j dominant.
All remaining species accounted for 3% of the

Diatoms (including Skeletonema costarum) as si group preoperational,7% of the operational and 6% of the

formed approxunately 77% of the preoperational assem- 1994 community composition (Figure 3-3). Two

j blage,66% of the operational arsemblage, and 88% Dmophyceae taxa, Prorocentnan nucans and Oxyrarum

of the 1994 assemblage (Figure 3-3). Skeletonema sp. accounted for 1% preoperationally,3% operationally
;

costarum alone accounted for 35% of the y.wp..Jonal and 2% during 1994. Cryptomonar sp. (Cryptophyceae)

: assemblage,25% of the operational assemblage, and was marginally important only during the operational

36% of the 1994 assemblage. Within the preoperanonal period (2%) (Table 3-3).

period, the relative abundance ofSkeletonema costarum
'

varied from 4% in 1983 to 75% of total abundance.

in 1980 (Figure 3-3). Within the operational period, Sostial Tewsds

the relative abundance ofSkeletonema costatum varied

from 15% in 1991 (NAl 1992b) to 36% in 1994. Phytoplankton abundance and community composi-'

tion were evaluated in the nearfield (Stations P2 and!

Phytoplankton community composition is inherently PS) and farfield (Station P7) areas to determine whether

.
variable from year to year, nis is evident in the historical spatial relationships were maintained during

; relative importar.ce of species during each period of the operational period, Preoperstmnal geometric mean

this study. Sireleronema costatum was the dominant abundances were similar between Stations P2 (1978-

diatom (Bacillariophyceae) taxon during each year of 1984) and PS (1978-1981; Table 3-2), while abundances
;_

this study. Diatom taxa other than S. costatum that at Station P2 were higher than ab=dwac at P7 (1982-

; were important during the preoperational period were 1984). Abundances at each station were higher during

I Chaetoceros socialis and Rhizosolenia delicatulafagi- the operational period and 1994 compared to the

tissima (Table 3-3). Durmg the operanonal period three preoperational penod. A compenson of phytoplankton

different secondary taxa were important (Leptoc,Windha abundances using analysis of variance was performed'

danicus, Leptocylindrus minimus and Niaschia sp.), on Stations P2 and P7 (Table 3-4). There was no

and during 1994 three other taxa were secondanly significant difference for geopieional vs operational
;

important(Thalassionemanitzschioides, Thalassiosira periods, among years or between stations, indicating

! spp. and Chaeroceros socialis). no apparent effect on abundances due to the operation

of Seabrook Station (Table 3-4).

3-9
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TABLE 3-3. ARITHMETIC MEAN ABUNDANCE (x 10 cellslL) AND PERCENT COMPOSITION GF 'X)MINANT PHYTOPLANKTON TAXA DURING
4

THE PREOPERATIONAL PERIOD (1978-1984), Ol'ERATIONAL PERIOD (1991-1994),801994 AT NEARFIELD STATION P2.
SEABROOK OPERATIONAL REPORT,1994.

PREOPERATIONAL OPERATIONAL 1994

PERCENT PERCENT PERCENT
8

Cl. ASS TAXGN ABUNDANCE" COMPOSITION ABUNDANCE" COMPOSITION ABUNDANCE COMPOSITION

Dinophycese Prorocentrum micans 0.79 1.15 0.15 <l 90 0.07 (1.00

Oxytosum sp. 0.01 0T 1.93 3.42 1.26 2.25

Cryptophyceae Cryptomonas spp. <0.01 <lT4# 0.94 1.67 0.48 < l.00

Prymnes;vy!.ini.c Phaeocystispouchetii 11.80 17 ' s 14.18 25.12 2.32 4.14

7tacillatiophyceae llacillatiophyceae 0.77 de 1.05 1.s6 1.45 2.58

Asterionella glacialis 0 05 <;2 i.55 2.75 <.01 <l.00

Cerataulina bergonit 0.95 139 0.14 < l .00 0.55 0.98

Chaeroceros debilis 2.12 3.98 0 39 <l00 0.58 1.03

Chaeroceros decipiens 0.02 <l .00 0.63 1.12 0.75 I34

Y Chaeroceros socialis 6.50 9.45 1.86 330 3.6I 6.43

5 Chaetoceros spp. 1.19 l.74 1.80 3.20 1.59 2.84

Cylindrotheca closterium 0.07 <l .00 0 84 I.50 0.9I I.62

Leptocylindrus danicus 0.40 <1.00 3.55 6.30 3.13 5.57

Leptocylindrus minimus I.00 1.46 3.06 5.43 1.63 2.9I

Nitzschia spp. 3.20 4.65 230 4.07 1.95 3.48

Rhizosolenta delicatulaffagilissima 9.89 1438 1.75 3.10 1.82 3.24

SAelefonema costatum 2435 35.40 14.02 24.85 20.22 36 03

11salassionema nitzschioides 133 1.94 2.26 4.00 6.2l I I .06

Thalassiosira spp. l.89 2.74 2.09 3.71 5.04 8.98

cMean abundance over all year (s) in each period; species accounting for <l% of total abundance not presented, therefore percent composition as
shown does not sum to 100.

t
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TABLE 3-4. RE5iiLTS OF ANALYSIS OF VARIANCE COMPARING ABUSTANCES
OF TOTAL PHYTOPLANKTON, UL'IRAPLANKTON AND SKELETONEMA
COSTATUM, AND CHLOROPHYLL a CONCENTRATIONS AMONG
STATIONS P2, P5 AND P7 DURING PREOPERATIONAL AND OPERATIONAL
(1991-1994) PERIODS. SEABROOK OPERATIONAL REPORT,1994.

SOURCE OF VARIATION df MS F

PHYTOPLANKTON: P2 VS P7 (PREOP = 1982-1984; OP = 1991-1994)*

Preo i 1.28 1.15 NSb

5 1.16 1.78 NSY reop-Q *
Station (Year) p)Mon 77 0.60 22.82* "

1 0.14 4.67 NS

Station X Year (Prepp-Op)f 5 0.08 3.14'
Preop-Op X Station 1 0.03 0.37 NS

Error 77 0.03

CHLOROPHYLL a: P2, P5, P7 (PREOP = 1987-1989; OP = 1991-1994)*
b 1 <.01 <.01 NS

P
5 1.26 1.85 NSY gp)*

M ) 77 0.70 12.30* "
Station 2 0.17 3.74 NS
Station X Year (Preopop) 10 0.04 0.69 NS
Preop-Op X Station' 2 0.05 1.17 NS

Error 154 0.06

SKELETONEMA COSTATUM: P2 VS. P7 (PREOP = 1982-1984; OP = 1991-1994)* 1

b i 9.68 4.53 NS 4

P
5 2.22 0.77 NS

g)p)*Y
77 2.79 14.72* "Mon

Station 1 0.69 3.60 NS
Station X Year (Preop-Op) 5 0.28 1.48 NS
Preop-Op X Station' 1 0.19 0.69 NS
Error 77 0.19

SKELETONEMA COSTATUM: P2 VS. P5 (PREOP = 1979-1981; OP = 1991-1994)*

Preo i 12.19 9.54 NSb'

* 5 1.64 0.36 NS |

Station (Year)Qp)
Y reop-'

76 4.34 13.68 " *Mon
1 0.87 14.65 NS

Station X Year (Preo 5 0.41 1.37 NS
Preop-Op X Station * p-Op) 1 0.06 0.14 NS
Error 76 0.32

ULTRAPLANKTON: P2, PS, P7 (Operstional period only,1991-1994)

Year 3 0.25 Of7 WS

Month (Year)d 44 0.35 11.l? "
1

Station 2 0.05 0.92 NS'

i Year X Station' 6 0.06 1.82 NS
Error 88 0.03

d
,

'ANOVA based on mean of twice-monthly collections Month nested within year regardless of station or year.
Mar Nov and monthly collections Dec-Feb; only years ' Interaction between main ettects.1

| when collections at these stations were concurrent are ' Interaction between station and vear nested within

hNo.nional and o 2 0.05)#riods.
ionalincluded; analyses include only years when all 12

t significant
yonths were sampled. * = significant 20.01)" = highly simu(0.0

>
of stbrational versus operational period regardless, tw- -

.01 2 p_>1 2 p))
0.001ficanton.

t (0.00' Year, regardless of preop-op. '" = veryhiglily signi

;
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Of all species present with abundance >l% during operational concentrations were lower than preopera- j

1994, five phytoplankton classes are represented (Table
tional concentrations in all months, and below the lower ;

3-5). Percent composition for each class was similar
95% confidence limits of the preoperational means in

among stations with the ma;*ina of PrymWaphyceae
June and October through December. The 1994 ;

for which percent composition at Stations PS and P7 monthly mean concentranons were highly variable and [
i

was 4-5 times greater than P2. Overall, the abundances less than the preoperanonal lower 95% confidenoc limits

of the 18 numerically important taxa (Table 3-3) were in April, June and October through December,
!

not significantly different among the three stations in
1994 (p = 0.83, Wilkes' Lambda as computed by the

In 1994, chlorophyll a annual mean concentration
at each station increased by nearly two times compared i

MANOVA). to 1993. However, the ANOVA results indicated no

significant differences between the preoperational and

3.3.1.2 Ultraplankton operational periods or among years or stations (Tables ;

I
3-2, 3-4).

f
Monthly mean ultraplankton abundances were similar i

among Stations P2, P5, and P7 in 1994, and exhibited
On an annual basis, chlorophyll a concentrations

a weak seasonal pattom at each station (Figure 3-4). and phytoplankton abundances appear to be unrelated, ,

Annual genmetric mean abundances showed no rather than directly related as -va~+=d The differences |
observed in trends between phytoplankton abundances

significant differences among the three sianons or years
throughout the operanonal period (Tables 3-4 and 3-6). and chlorophyll a concentrations were likely due to ,

idifferences among taxa with respect to cell size and

The ultraplankton assemblage was similar among chlorophyll a content. For example, the unusually :

the three stations in 1994 (Table 3-5). As in all high annual mean phytoplankton abundance in 1992 |

previous operational years, Cyanophyceae were
was influenced by high abundances of Phaeocystis |

overwi=Iminaly donunant at each sinnan (appnzumanely pouchettii on several dates (Figure 3-3). While P. |
'

70-75% ofthe assemblage); mean abundance followed pouchetil had a large effect on phytoplankton

a similar seasonal pattem of occurrence at each station abundances, it had only a minor effect on chlorophyll {
i

(Figure 3-4, NAI 1992a,1993a,1994). a concentrations (NAI 1992b) since it is a small-celled
taxon (Lee 1980). Evidence for the relationship [

For reasons discussed in Section 3.2.3, it was not between chlorophyll a concentranons and phytoplankton ;

possible to test preoperational-operational differences
abundances exists in the comparison of seasonal

in the ultraplankton community. However, the lack pattems. heoperational and operational chlorophyll

of nearfield-farfield differences in the ultraplankton a concentrations followed a pattern similar to that of

assemblage indicates that there was no effect caused phytoplankton abundances during the same periods ;

'

by the operation of Seabrook Station. (Figure 3-5).

;

3.3.13 Chlorophyll e Concentrations 3.3.2 Selected Species f

During both the yeweional and operational Skeletonema costatum was chosen as a selected
I

periods, monthly arithmetic mean total chlorophyll a species because of its historic omnipresence and
i

concentrations exhibited an early spring peak, mid-sum- overwhelming dominance during much of the year.

mer decline, and fall peak (Figure 3-5). Monthly mean At Station P2, peak abundances generally occurred in .

i

3-12 ;
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TABLE 3-5. 1994 PHYTOPLANKTON (;t:10pm) AND ULTRAPLANKTON (<10pm)
SPECIES COMPOSITION BY STATION. SEABROOK OPERATIONAL

i
REPORT,1994.

CLASS TAXA P2 PS P7

PHYTOPLANKTON*
Cyanophyceae Oscillatoria sp. <l.00 0 1.32

-

Cryptophyceae Cryptomonar sp. <l.00 1.26 <1.00
2.25 2.67 1.03

Dinophyceae Oxytoxum spe

Bacillariophyceae
Bacillariophyceae 2.58 <l.00 1.54

4

Cerataulina bergonit <1.00 5.50 <l.00

Chaetoceros debilis 1.03 <l .00 <l .00

Chaetoceros decipiens 1.34 1.23 1.61

Chaetoceros socialis 6.43 5.46 4.24
^

Chaeroceros sp. 2.84 2.60 1.56

Cylindrotheca closterium 1.62 1.47 1.56
'

Leptocylindrus danicus 5.57 7.90 8.87

Leptocylindrus minimus 2.91 2.43 4.21

Nitzschia sp. 3.48 2.94 3.01
>

Rhizosolenia delicatula/fragilissima 3.24 2.45 3.58

Skeletonema costatum 36.03 21.62 32.31 1
'

Thalassionema nit:schioides 11.06 7.80 8.91
-

8.98 10.50 8.76Thalassiosira spp.

Prymnesiophyceae Phaeocystispouchetti 4.14 19.52 14.06
bULTRAPLANKTON

|
Chlorophyceae Alga; Flagellate 4.12 3.92 3.73

Alga; Unicellular 20.65 18.98 18.44

Cryptophyceae Chroomonas sp. 4.45 5.15 3.60

Cyanophyceae Cyanophyceae; Total * 70.79 71.94 74.23

' Presents only taxa accounting for 21% of total abundance
ball ultraplankton taxa presented
' Includes all chroococcoid forms

!
-
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TABLE 34. GEOMETRIC MEAN ABUNDANCE (10 CELLS /L) AND COEFFICIENT OF
d

VARIATION (CV, %) OF ULTRAPLANKTON AT STATIONS P2, PS AND P7
DURING THE OPERATIONAL PERIOD. SEABROOK OPERATIONAL

,

REPORT,1994.
i

STATION
.

) P2 P5 P7

YEAR * MEAN CV MEAN CV MEAN CV
~

i
1991 353.86 6.0 290.31 7.2 292.86 5.6

1992 187.21 8.9 189.58 8.5 283.90 8.2

1993 286.74 2.9 377.96 4.1 337.75 2.9

1994 242.00 3.1 260.77 3.1 294.87 30

OP MEAN 260.38 1.8 271.39 1.9 301.65 0.5b

i
i

$ 0 Annual means are means of monthly means, n = 12.

Operational means are means of annual means, n = 4.: b

4

the spring and fall during the preoperational period not significant for either pairing, indicating no effect

(Figure 3-6). During the operational period both the due to the operation of Seabrook Station (Table 3-4).3

spring and fall peaks were larger but followed the same

general seasonal panem of the preoperational period.I

Operational mean abundances were higher than 3.3.3 PSP Levels
;

i preoperational means in all months except September,
and exceeded preoperational upper 95% confidence During the preoperational period, average weekly

limits during January, April and May. In 1994, S PSP toxicity levels were above the detection limit of
,

costatum abundances generally followed historical 44 g PSP /100 g tissue of the mussel Mytilus edulis

pattems (Figure 3-6). and periodically above the closure limit in effect then

(80 g PSP /100 g tissue) during the late spring, early
~

S costatum abundances were evaluated in two summer and late summer (Figure 3-7). PSP toxicity

separate ANOVA tests since Stations P5 and P7 were was rarely detected during the operatior.:1 period,

not sampled concurrently during the preoperational however. During the first two years ofthe operational

period (Table 3-2). For both tests (P2 versus P7 and period, the State of New Hampshire recorded two

P2 versus PS), there were no significant differences occurrences of PSP levels above the detection limit,

be ween the preoperational and operational periods or both in 1991 (NAI 1992b,1993b), and during 1993

among individual years regardless of station (Table and 1994 occurrences were recorded only during May

3-4). No differences in abundances were detected and early June (NAl and NUS 1994, Figure 3-7).

between the nearfield (Station P2) and the farfield Although the PSP levels observed in 1991 were below

(Station P7) areas or between Stations P2 and PS in
the current closure level of 68 g/L, New Hampshire's

the nearfield area. The interaction ofmain effects was coastal shellfish beds were closed as a precautionary*

3-15
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measure from June 14 until September 19,1991 because predictable indicators of community status than species

of high PSP levels reported in shellfish from Maine composition, such as the abundance of the selected

and Massachusetts during this period (NAI 1992b). species (Skeletonema costatum), or total biomass as

in 1994 shellfish bed closure was initiated on May 27 estimated by chlorophyll a concentrations. Seasonal

based on the rising PSP levels which reached 68 pg/ patterns for these parameters between the two periods

100g and the knowledge that the State of Maine had remained similar, and no nearfield/farfield differences

closed their coastline adjacent to the New Hampshire were detected (Table 3-4). Mean chlorophyll a

border. He coast was reopened on July 20. The concentration during the operational period was similar

widespread occurrence of PSP toxicity in the coastal to the preoperational period and on a monthly basis

areas of northern New England (NAI 1993 b) indicates - chlorophyll a concentrations closely tracked phytoplank-

that the occurrence of PSP toxicity in the project area ton abundance. In 1994, peaks in chlorophyll a

was unrelated to the operation of Seabrook Station. concentration corresponded to two peaks in phytoplank-

ton abundance, March (dominated by Thalassiosira

decipiens and Chaetoceros socialis) and September

3.4 DISCUSSION (dnmined by Shletonema casrarwn and Aalassionema
nit:schioides). The two-fold difference in chlorophyll

3.4.1 Community Interactions a concentration between 1993 and 1994 may be a

reflection of the two-fold difference in S. costarum

The operation of Seabrook Station has had no abundance that also occurred. Both parameters fell

demonstrable effect on the phytoplankton community. within the variability observed in the preoperational

The seasonal pattems of total abundance, chlorophyll period. There were no significant interactions between

a concentrations and the occurrence of dominant taxa operational status and station for total phytoplankton

in the phytoplankton assemblagewere similar between abundance, Skeleronema costatum abundance, or

the preoperational and operational periods, and among chlorophyll a concentrations (Table 3-4).

stations (Table 3-7). The phytoplankton assemblage
was dominated by diatoms (Bacillariophyceae) both The focus of the investigation of the ultraplankton

annually and seasonallyduring both periods. In some assemblage was an examination of nearfield-farfield

years, however, the Prymnesiophyceae species Phae- differences during the operational period, as identifi-

ocystis pouchetii accounted for as high a proportion cation techniques and information availability

of the community at each station as did total diatoms substantiallyim proved after preoperational collections

(Figure 3-3). On average, P. pouchetil composed a ended in 1984. During 1994, the ultraplankton

greater proportion of the operational assemblage (25%) assemblage was dominated by Cyanophyceae,particular-

than the preoperational assemblage (17%; Table 3-3), ly colonials (Table 3-5). Percent composition of each

due to its high abundances during the spring of 1992 of the ultraplankton taxa, and the seasonal occurrences

and 1994. of total abundances, were similar among the three sta-

tions. Other studies conducted in the Gulf of Maine

With the exception of Phaeocystis pouchetii, the indicated that these forms were prominent throughout

group of taxa that accounted for the majority of the the region during both the preoperational and

community changed little between the preoperational operational periods (Shapiro and Haugen 1988; Haugen

and operational periods (Figure 3-3). On a year-to-year 1991).

basis, however, assemblages differed considerably.

For this reason, the phytoplankton study included an Only minor occurrences of PSP toxicity have been

analysis of parameters that were expected to be more documented in the study area during the operational

3-17
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TABLE 3-7, SUMMARY OF POTENTIAL EFFECTS (BASED ON ANOVA) OF OPERATION
OF SEABROOK STATION ON THE PHYTOPLANKTON COMMUNITY.
SEABROOK OPERATIONAL REPORT,1994.

DIFFERENCES BETWEEN
OPERATIONAL AND PRE-

OPERATIONAL PERIOD OPERATIONAL PERIODS

SIMILAR TO PREOPERA- CONSISTENT AMONG

COMMUNITY ATTRIBUTE TIONAL PERIOD? STATIONS?

Phytoplankton Op= Preop yes

Skeletonema costatum Op= Preop yes

Chlorochvil a Oo-Preco ves

3.4.2 Effects of Plant Ooerstionperiod. The occurrence of PSP toxicity in this portion

of the Gulf of Maine was first documented in 1972
(NAl 1985), possibly as the result of the transport of

The high variability ofthe phytoplankton community

the PSP-producing dinoflagellate Alexandrium spp. both temporally and spatially during the whole of the

(formerly called Gonyoular sp.) from the Bay of Fundy study period is an inherent characteristic. The high

following Hunicane Canie (Franks and Anderson variability in density levels and community structure

1992a). With few exceptions, PSP has been recorded from year-to-year was due to the influence of both

seasonally in this region of the westem Gulf of Maine physical and chemical factors, some cyclical and some

ever since, although not alweys at toxic levels. It is transitory, and to the rapid turnover rate of phyto-

cunently thought that Alexandrium spp. blooms are plankton populations. Thus, it has been difficult to

transported to this region on coastally-trapped buoyant
succinctly describe the long-tenn temporal comm unity

plumes derived from the Androscoggin and/or Kennebec
structure (NAI 1985). However, all documented

P.ivers (Maine)(Franks and Anderson 1992a). This
characteristics of the phytoplankton community in the

theory is consistent with the generally observed north- vicinity of Seabrook Station indicate that, although

to-south seasonal progression of occurrence of this dino- some community changes occurred over time, these

flagellate and the PSP levels (Franks and Anderson changes occurred at all three stations. In some cases

1992b). Local sources of dinoflagellates may also (i.e. the apparent increase of certain Cyanophyceae

contribute to the blooms as well. Thus, occurrences fonns), these changes were widely documented in the

of PSP toxicity in New Hampshire have been associated Gulf of Maine. Therefore there is no evidence

with larger regional occurrences in southern Mame and indicating that the operation of Seabrook Station had

northern Massachusetts, and are not a localized a demonstrable effect on any aspect of the local

phytoplankton community.occurrence.

,
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APPENDIX TABLE 3-1. CHECKLIST OF PHYTOPLANKTON TAXA CITED IN
THIS REPORT. SEABROOK OPERATIONAL REPORT,

1994.

BACILLARIOPHYCEAE Asterionella glacialis Castracane (syn. A.

japonica Cleve)
Cerataulina bergonii H. Piragallo

Chaetoceros debilis Cleve
Chaetoceros decepiens Cleve ,

|Chaetoceros socialis Lauder
Cylindrotheca closterium (Ehrenberg)

Reimann. and Lewin
Leptocylindrus danicus Cleve
Leptocylindrus minimus Gran
Nitzschia sp.

Rhitosolenia delicatula Cleve
Rhizosoleniafragilissima Bergon

Skeletonema costatum (Greville) Cleve
Thalassionema nitzschioides Hustedt
Thalasslosira sp.

CRYPTOPHYCEAE Cryptomonas sp.

Chroomonas sp.

DINOPHYCEAE Oxytoxum sp.
Prorocentrum micans Ehrenberg

PRYMNESIOPHYCEAE Phaeocystis pouchettil (Hariot) Lagerheim
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4

SUMMARY
~

,

'

s' :

!

Microzooplankton have historically shown distinct seasonal changes that relate to changing abundances |'

of dominant taxa, including the copepods Pseudocalanus sp. and Oirhona sp., bivalve larvae, and copepod nauplii. |

| Seasonal patterns during the operational period were similar to those observed during the preoperational period,

}
although abundances of one key taxon (Pseudocalanus/Calanus nauplii) showed sigeificant differences. No ,

differences in abundance were observed between nearfic!d and farfield areas, indicating that there is no evidence

| of an effect related to Seabrook Station.
4

,.

The umboned bivalve larval assemblage is defined by varying abundances of dominants such as Hiatella

sp., Mytilus edulis, and Anomia squamula. Seasonal appearance; of dominant species were similar to previous
years Lowever, average abundances for four of the species during the operational period were diminished in !

comparison to the preoperational average. Since decreased abundances occurred at both nearfield and farfield ,

stations, they suggest an arsawide trend unrelated to the operation of Seabrook Station. Abundances of Teredo
,

;

navalis increased at Station P2 and dw eed at Stations P5 and P7. The increase in abundance of Hiatella
sp. during the operational period was significantly greater at Station P2. The level of entrainment of bivalve
larvae changed with the abundance oflarvae in the surrounding waters. No entrainment samples were collected

,

j

} in 1994 due to a scheduled plant outage, equipment being out of service for refwtanent, and personnel scheduling

conflicts. Consistent with previous refueling outages, ichthyoplankton and bivalve larvae entrainment samples

) were not taken during the April 9 to July 31 refueling outage when there was insufficient circulating water flow
.

] to operate the entrainment sampling equipment. Refurbishment of the entramment sampling equipment was ,

'

j not completed during the outage as originally scheduled and as a result on-site entramment sampling was not
resumed until mid 6pmhn when the equipment was remrned to service. However, when ichthyoplankton sampling |

;

j was resumed, bivalve larvae sampling was not resumed. As a result of the outage which began in April and f
i the failure to resume bivalve entrainment sampling in September, no bivalve larvae samples were taken in 1994 i

j during the April to October sampling period. These on-site entramment sampling deficiencies have been addressed

by reassigning the responsibility for entrainment sampling to the organization that provides oversight ofthe off-site 1'
J

environmental monitoring program. Previous results show no evidence that larval entrainment has resulted in

|' decreased numbers of bivalve larvae in coastal waters.
;

| The macrozcoplankiwi community is composed of a true planktome component (defined as holo /meroplankton)

including the copepods Calanusftnmarchicur, Centropages typicus, Pseudocalanus sp., and Temora longicornis,''

along with larval stages of decapods and barnacles. Amphipods, cumaceans, and mysids occasionally venture

: into the water column, forming the tychoplanktonic component. The assemblage of species changed seasonally,
,

j and, for the most part, has been consistent throughout the study period. However, abundances of many of the
dominants were elevated dunng the opersoonal period. For the holds, eplanktou, ird abundances generally;

occurred at all three stations, suggesting an arsawide change. Differences in the abundance of Calanusfmmarchicus;

adults between the recent preoperational and operational periods were not consistent among stations. Comparisoni

j of the annual means showed the differences to be slight. Tychoplankton have historically shown nearfield-farfield

differences that are related to variations in substrate. These spatial differences have been consiment during both

! preoperational and operational periods. No changes in the macrozooplankton community have been observed

| - that could be related to the operation of Seabrook Station.

.
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i ZOOPLANKTON :
e
'

a

4.0 ZOOPLANKTON was recorded to calculate volume filtered based on
ph mined pumping rates. Volume filtered averaged

- 4.1 INTRODUCTION 125 liters and ranged from 105-235 liters (NAl 1991a).

ML wuoplankton were rmsed from the nets into sample
3

Three components of the zooplankton community, containers after pumping and were preserved in borax -
'

microzooplankton,bivalvelarvac and macrozooplank- buffered 3% formalin. ,

,

i ton, were sampled separately to identify spatial and ,

'

temporal trends at both the community and species
,

level. One station outside the area most likely to be 4.2.1.2 Bivalve Larvae

j affected by plant operation was selected as a farfield

i site. Initial monitoring charactenzed the source and The spatial and temporal distributions of 12 taxa i

magnitude of vananon in each zooplankton community of umboned bivalve larvae were monitored using a

L and provided a data base for comparing operational 0.5-m diameter,0.076-mm mesh net. Samples were
'

,

,

mo >itoring. Current trends in zooplankton population collected weekly from mid-April through October at

dynan:ics were evaluated to determine whether Hampton Harbor (P1), and at Stations P2, PS and P7

entrammer.! in Saabrook Stanon's cooling water system (Figure 4-1). Sampling began at Station P2 in July

has had a measurable effect on the community or any 1976. Farfield Station P7 was added to the program
i

|
individual species. In addition, entrainment of bivalve in 1982, and Station P1 was added in July 1986.

| larvae in the plant's cooling water system was Samples were collected at Station P5 from July-

! estimated. December 1986 and April 1988 through October 1993.
Two simultaneous two-minute oblique tows were

I usually taken at each station. In cases when nets were

: 4.2 METHODS clogged, vertical tows were taken. Volume filtered
3 3

i ranged from 6-13 m and averaged 9 m for oblique
3 3

4.2.1 Field Methods tows, and ranged from 2-5 m and averaged 3 m for

vertical tows (NAI 1991a). The volume of water
,

filtered was recorded with a General Oceanics*
.

4.2.1.1 Microzooniankton
flowmeter. Upon recovery, net contents were preserved

,

,

j Microzooplankton were sampled twice a month from with 1-2% borax-buffered formalin (with sugar added

i Mamb-November and monthlyin Docember-February to enhance color preservation) and refrigerated
' at intake (Station P2),' discharge (Station PS) and

farfield (Station P7) areas (Figure 4-1). Sampling at
all three stations occuned from July through December 4.2.1.3 Entrainment

,

| 1986 and from April 1990 through December 1994.
In addition, Station P2 was sampled from January 1978 Bivalve larvae entrainment sampling has historically

:

through December 1984 and Station P7 from January been conducted up to four times a month by NAESCO

; 1982 through December 1984. Four replicate samples personnel within the circulating water pumphouse on-

were collected by pump at both 1 m below the surface site at Seabrook Station from July 1986-June 1987 and
:

and 2 m above the bottom at each station on each June 1990-October 1993.' Threc replicates were

sampling date. Discharge from the pumps was directed collected during the day on each sampling date.

into a 0.076-mm mesh plankton net (12 cm diameter) Sampling dates coincided with offshore bivalve larvae
,

#

i set into a specially-designed stand filled with seawater sampling whenever possible. Entrainment sampling

to within 15 cm of the top of the net. Pumping time wasnot @w on several schedulM sampling dates,

I 4-1
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ZOOPLANKTON I

.

however, due to either station outages or sampling causing the net to sink to approximately 2 m off the

equipment problems. Scheduled station outages bottom and to rise to the surface at least twice during
,

|
occurred from August through November 1991, the tow. When nets became clogged due to plankton

September through October 1992, and April through blooms, tows were shortened to 5 minutes. The volume

August 1994. No bivalve larvae entrainment samples filtered, determined with a General Oceanics# digital
.

were collected in 1994 due to the scheduled outage, flowmeter, ranged from 408-567 m3 (averaged 494 !

3 3

: equipment being out-of-service and personnel scheduling m ) for 10-minute tows, and ranged from 109-280 m
3'

conflicts. (averaged 166 m ) for 5-minute tows (NAl 1991a). .

Upon retrieval, each net was rmsed and the contents i
t

| Sarnples were historically taken using a double barrel preserved in 6% buffered formalin.
I

i collection system. A 0.076-mm mesh plankton net
was suspended in a 30-gallon drum which, in tum, was

suspended in a 55-gallon drum. Water diverted from 4.2.2 Laboratory Methods |'

| the cooling water system entered the 55-gallon dmm
I from the bottom and overflowed the 30-gallori drum 4.2.2.1 Microzooplankton

I into the plankton net. AAer passing through the net,
the water discharged through the bottom of both drums. Two replicates from each depth and station on all ,

<

!
The water supply was adjusted to mamtain three to sample dates were analyzed for microzooplankton; the

! six inches of water above the plankton net at all times, remaining two replicates were archived and stored as

j After the water was drained from the system, the sample " contingency" samples. The sample was concentrated ,

! contents were consolidated and preserved with 1% or diluted to a known volume that provided an optimal ;

buffered formalin. Three replicate samples were working number of organisms (ca. 200 per 1-mi i

!
! collected on each sampling date. The volume filtered subaample). Each sample was agitated with a calibrated
.,

was measured with an in line flowmeter and averaged bulb pipette to distribute the contents homogeneously.
;

; approximately 7 m per replicate. A 1-ml subsample was rernoved, placed in a Sedgewick-3

Rafter cell and examined under a compound microscope'

'

using magnifications of 40X to 200X. All microzoo-
:

4.2.1.4 Macrozooplanktoa plankton taxa present in the subsample (generally, all
2

taxa smaller than adult Calanusfinnerchicus are <4.0'

! Macrozooplankton were collected from July 1986 mm) were counted and identified. Most enpaacwis were

i through December 1994 at Stations P2, PS, and P7 identified to developmental stages, e.g., nauplii,

(Figure 4-1). Station P2 was also sampled from January copepodites or adults (copepodite 6). Two subsamples
;

1978 throuch December 1984. Station P5 was also were analped for each replicate. Individual abundances
3

j sampled from January 1978 through December 1981. for all taxa (noJm ) were computed for each subsample

Station P7 was also sampled from January 1982 through and then averaged to provide mean abundances per
,

December 1984. taxon for each replicate.
'

,

j Macrozooplankton collections were made at night

: two times per month, concurrent with ichthyoplankton 4.2.2.2 Bivalve Larvae

sampling. On each date, four replicate oblique tows .1

1 were made with 1-m diameter 0.505-mm mesh nets Each bivalve larvae sample collected at each station

at each station. The nets were set off the stern and was analyzed. When the total umboned larvae collected !
;

towed for 10 minutes while varying the boat speed, ranged from 1-300, the entire sample was processed.
,

4-3 ;
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Samples were split when the total umboned bivalve microscope at magnifications between 6x and 150x.

larvae count exceeded 300 specimens and two Selected species (Cancer sp., Carcinus maenas, ;

subsample fractions were examined with a dissecting Crangon septenupinosa, and Neomysis americana) were |

Umboned larvae were identified from an identified to detailed developmental stage (lifestage
scope.

established species list and enumerated. Specimens and/oi sex). Splitswere recombined upon completion.
i

of other species were enumerated as Bivalvia.
Subsamples (when present) were averaged for each For each sample type, species counts were converted

tow. Samples collected in 1985 were analyzed for to density by multiplying each species' count by the

Afytilus edulis and Mya arenaria only, appropriate scaling ratio (the proportion of the sample
analyzed for each particular organism) and dividing
by the volume of water filtered during field collection.

4.2.2.3 EscruZooDlankton
Microzooplankton and bivalve larvae abundances were

3reportedasno/m ;macrozooplanktonabundanceswere
3

Macrozooplankton were analyzed from three of the reported as noJ1000 m

four tows (randomly selected) at each station.
Copepods were analyzed by concentrating or diluting
the sample to a known volume from which a subsample

4.2.3 Analytical Methods

of approximately 150 copepods per 1 ml could be j

obtained. The sample was agitated with a Stempel 4.2.3.1 Communities

pipette to homogeneously distribute the contents and
1 ml was removed and examined under a dissecting Community structure of the microzooplankton,

microscope. Subsampling continued until at least 30 bivalve larvae, and macrozooplankton components of

of the dominant copepod taxa and 150 total copepods the zooplankton conununity was evaluated by numerical |
were counted. If an even distribution of copepods could classification, multivariate analysis of variance

not be attained, the sample was serially split using a (MANOVA), and qualitative comparison of log

Folsom plankton splitter. Cyclopoids and copepodites abundances or geometric means for periods (operational,

of smaller calanoid species (which were not efficiently preoperational and 1994, Table 4-1). The macrozoop-

collected in the macrozooplankton samples) were not lankton community includ:s numerous species that 1

included in the copepod counts. For the selected species exhibit one of three basic life history strategies. The |

Calanus finmarchicus, both lifestage and sex were holoplankton species, e.g. copepods, are planktonic |

identified. After enumeration, subsamples were essentially throughout their entire life cycle. |

recombined with the sample. Meroplankton includes species that spend a distinct
portion of their life cycle in the plankton, e.g. larvae

To enumerce rarer copepods (Anomalocera opalus, of benthic invertebrates. Species that alternate between

association with the substrate and rising into the waterCaligur sp., Cendacia armata, Euchaeta sp.,
Harpacticoida, Monstriliidae and Rhincalanus nasutus) column on a regular basis are called tychoplankton,

and the remaining macrozooplankton, the sample was e.g. mysids. Because of these behavioral differences,

placed in a Folsom plankton splitter and serially split as well as large differences in abundances, macrozoo-

into fractions that provided counts of at least 30 phnkton species were categorized into holo /meroplank-

individuals of each dominant macrozooplankton taxon tonic species or tychoplanktonic species prior to

(as defined in NAI 1984). A maximum of 100 ml of statistical analysis. The same types of analyses were

settled plankton was analyzed. Macrozooplankton taxa performed on each group of species.

were enumerated by species using a dissecting

4-4
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TABLE 4-1. SUMMARY OF ME'lilODS USED IN NUMERICAL CLASSIFICATION AND MULTIVARIATE ANALYSIS OF VARIANCE OF
ZOOPLANKTON COMMUNITIES, AND ANALYSIS OF VARIANCE OF ZOOPLANKTON SELECTED SPECIES, SEABROOK

,

| OPERATIONAL REPORT,1994.
l

(- SOURCE OF
DATES USED DATA VARIATION IN

ANALYSIS TAXON LIFESTAGE STATIONS IN ANALYSIS CHARACTERISTICS * (M)ANOVA

MICROZOOPLANKTON
MANOVA 31 dominants - P2 1994 Log (x+1) transformation _of Station

PS each " replicate" sample, x of
P7 surface and bottom; species

excluded with frequency of
occurrence <20%

ANOVA Selected species:
bEurytemora sp. C P2 1982-1984; Monthly mean, surface, Preop-Op, Year,

Emytemora herdmani A P7 1991-1994 and bottom Month, Station and
Pseudocalanus/Calanus N Interaction Terms
Pseudocalanus sp. C,A
Oithona sp. N,C,A

Numerial 35 dominants P2 1978-1984, Log (x+1) transformation of --

t classification 7/86-12/86 each individual (replicate)
* 4/90-12/94 sample, x of surface and

bottom; species excluded with
frequency of occurrente <9%

BlVALVE LARVAE
MANOVA All taxa except Bivalvia -- P2 1988-1994* Log (x+1) transformation of Preop-Op, Station,

P5 individual (replicate) sample, Year, Week
"7 then weekly means computed

ANOVA Selected species: -- P2 1988-1994* Same as above Preop-Op, Station,
Mytilus edulis P5 Vcar Weck

P7

Numerical All taxa except Bivalvia -- P2 1988-1994* Log (xil) transforamtion of -

classification PS each individual (replicate)
P7 sample, half-monthly means

calculated from weekly x

(continued)

__-___ - . __. . _ _ _ -_. _ _-_ ~.
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TABLE 4-1. (Continued)

.

SOURCE OF
DATES USED DATA VARIATION IN

ANALYSIS TAXON LIFESTAGE STATIONS IN ANALYSIS CIIARACTERISTICS* (M)ANOVA
.

MACROZOOPLANKTON
Numerical - P2 1986-1994 Monthly T. -

classification Tycho: P5 Tychoplankton: taxa occurring
22 dominants P7 in 24% of P2 preoperationald

samples except Mysidacea and
Amphipoda.

Ilolo/mero: llolo/n'ero: deleted taxa oc-
50 dominants * curring in 55% of P2

preoperational samples and
general taxa oflow
abundance.

MANOVA Tycho: - P2 1987-1994* Sample period x sampled Preop-Op, Station,

22 dominants P5 twice per month. Year, Monthd

P7 Tychopiankton: taxa occurring

[
in 24% of P2 preoperational
samples except Mysidacea and
Amphipoda.

Ilolo/mero: llolo/mero: deleted taxa oc-
50 dominants * curring in 55% of P2

preoperational samples and
general taxa of low
abundance.

ANOVA Selected species: i

Calanusf1 marchicus C,A P2 1987-1994* Sample period x, Preop-Op, Station, !b

Cancer sp.7 L PS sampled twice per Year, Month i

Carcimss meanas* L P7 month
Crangon septemspinosa L
Neomysis americana All

"All data log (x+1) transformed unless otherwise noted
bc = copepodite; A = adult; N = nauplii; L = larvae
*1990 excluded
ilyperiidae removed, Mysis stenolepis added to list in 1994.d

*llydrozoa, Gastropoda, Ilyperiidae added to list; Eualus sp., Lebbeus sp. and Spirontocaris sp. Iumped together as Ilippolytidae in 1994.
' Cancer spp. discussed in Section 8.0
8Carcinus macnas larvae are essentially absent for 7 of 12 months, therefore a peak period of June-October only
was analyzed.

<

.--



- - - . _ -- -. .

ZOOPLANKTON

Temporal and spatial changes in the community plankton collections from 1994 were tested only to

structure of microzooplankton, bivalve larvae, and the determmestationdifferences. Historically,therehave

two components of macrozooplankton were evaluated
been few differences in planktonic species assemblages

using numerical classification techniques (Boesch 1977).
among nearfield intake and discharge and farfield

This technique forms groups of stations and/or sampling
stations. Continuation of the trend during plant

periods based on similarity levels calculated for all
operation would suggest that there were no effects of

possible combinations of stauons/ sampling periods and
plant operation on these communities. Probabilities

associated with the Wilks' Lambda test statistic (SASthe species that occur there. The Bray-Curtis similarity
index (Clifford and Stephenson 1975, Boesch 1977) 1985) were reported. Aburidance data from each

was used. Values of the indices ranged from 0 for individual (replicate) sample was log (x+1) transformed

absolute dissimilarity to 1 for absolute similarity. The prior to use in the MANOVA m.xiel in order to more

classification groups were formed using the unweighted closely approximate the normal distribution.

pair-group method (UPGMA: Sneath and Sokal 1973).
Results were simplified by combining the ennues based Untransformed densities of bivalve larvae in entrain-

on their similarity levels, determined by both the withm- ment sampies were multiplied by the month's average

group and between-group similarity values. Results daily volume pumped through the circulating water

were presented graphically by desirop ass, which show system, and by the number of days represented by each

the within-group similarity valuc and the between-group sampling date, and then summed within month to

similarity (value at which a group links to another
estimate the number of bivalve larvae entrained by

group). The groups were characterized by the mean
Seabrook Station on a monthly basis.

abundance of the dominant taxa. Communities during

the operational period (August 1990-December 1994)

were judged to be similar to previous years if 4.2.3.2 Selected Species

collections were placed in the same group as the
majority of collections taken at the same time during Biologically important or numerically dominant taxa

were selected for further investigation (Table 4-1).
previous years. A potential impact was suggested if

: community differences occuned solely during the The operational, preoperational, and 1994 geometric

operational period and were restricted to either the near- means and coefficients of variation (Sokal and Rohlf

field or the farfield area. This situation would initiate
1981) were tabulated. Monthly log (x+1) means and

additional investigations. If community differences 95% confidence limits for the preoperational and

occurred at both nearfield and farfield stations, they operational periods, and 1994 were compared

were assumed to be part of an area-wide trend, and graphically to provide a visual estimate of their

unrelated to plant operation. magnitude and seasonality. Operational /goiwional
and nearfield/farfield differences in monthly means

Multivariate analysis of variance (MANOVA, Harns were evaluated using a multi-way analysis of variance

1985) was the statistical test used to assess simulta-
procedure (ANOVA), using a before-after-control-

neously the differences in abundance between periods impact (BACl) design to test for potential impacts of

(preoperational and operational), stations (nearfield plant operation. A mixed model ANOVA developed

and farfield), years and months (microzooplankton, by Northeast Utilities, based on recent review of the

macrozooplankton) or weeks (bivalve larvae, Table BACI model by Underwood (1994) and Stewart-Oaten

4-1). The interaction term (Station X Period) was used
et al. (1986), was used with all effects considered

to detennine if there was an impact from plant operation random, except operational status (Preop-Op). Time

for bivalve larvae and macrozooplankton. Microzoo- (months or weeks) and location (station) of sampling

47
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l

were considered random factors because both sampling as well as Pseudocalanus/Calanusnauplii and Pseudo-

; dates and selected locations represented only a fraction calanus sp. marked the appearance of the winter / spring

!~
of all the possible times and locations (Underwood assemblage (Group 3). The springassemblage(Group

1994). De preoperational period for each analysis 4) was charactenzed by the appearance of Tintinnidae

] was specified as the period during which all three during a rarely occurnng " bloom." The spring / summer

j stations were sampled concurrently (thus maintaining assemblage (Group 5) had peak abundances of Oithona

a balanced model design). Some species (e.g. all biva- sp., Copepoda nauplii, PseudocalanusCalanus nauplii,

j Ive larvae, Caminus maenar) were common only during Pseudocalanus sp., and bivalve veliger larvae. In the ]
,

part of the year (peak periods). Data from the peak fall assemblage (Group 6), numbers of bivalve veligers !
! '

! periods were used in analysis of variance and to- diminished (<5% of total group abundance) and

compute operauonal, preoperanonal, and 1994 geomesne numbers of Oirhona sp., Pseudoca/ anus sp., Pseudo-
,

calanusCalanus nauplii, and copepod nauplii decreased.
; means.
I

The first fall / winter group (Group 7) contained
Tintinnidae and Oithona sp. This group was only

4.3 RESULTS repmsented in the preoperational period. The second
|. fall / winter group (Group 8) exhibited an abundance i
1

| 4.3.1 Micrezooplankton of Oithona sp. as well as taxa represented in other time j

periods. The ungrouped sample mean was taken ini

4.3.1.1 Commaalty Structure late May 1982 and had very high abundances of
.

Oithona sp. and Acartia sp.; Polychaeta larvae and'

. Ta=naral Characteristics Rotifera were common.
.

:
! . Temporal variability in species abundances and Compenson of the specific sampling periods included

! taxonomic composmon ofthe nearshore microzooplank- within the major cluster groups indicated that

: ton community (surface and bottom samples averaged) differences among years were generally moderate. .

|' at Station P2 for all preoperational and operational Collections from the operational period were generally

collections was examined using numencal classificaten placed into groups containing emosponding dates from'

Collections were grouped into four major groups that the preop..ional period, although some collections

! corresponded with the annual seasonal progression of from summer / fall 1990 showed Group 6 becoming

- dominant species and four smaller groups (one colloc- dominant earlier than in other years (Figure 4-2). This

tion date was ungrouped; Figure 4-2). He major is of little consequence, as Group 6 is very similar to

seasonal pattems in the microzooplankton community Group 5, which was dominant in other years. Group'

structure were largely delineated by changes in both 8 appeared during some operational years (1991 and

total abundance and the dominance structure of numeri- 1992) in the summer and early fall while it was

cally important taxa. The copepods Oithona sp., generally found in winter in preoperational years. Pre-

Pseudocalanus sp., and PseudocolanusCalanus nauplii operational and operational periods were similar in the:

were the most abundant organisms in virtually every rank order of numerically dominant taxa identified from4

| seasonal group during both preoperational and each cluster group (Table 4 2). Differences among

operational periods (Table 4-2). Winter samples groups, in large measure, were attributed to seasonal-

(Groups I and2)wereches i j bylowabundances variability in the abundances of these dominant taxa
,

and high variability of all taxa including Oithona sp. (Figure 4-2). For example, the fall assemblage (Group

and Copepoda nauplii during both penods (%=io- 6) was present in August of 1980,1981,1982 and 1990, |
;

nal and operational), increased numbers of these taxa while in most other years it did not appear until !

'
4-8 ,
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TABLE 4-2. GEOMETRIC MEANS OF MICROZOOPLANKTON ABUNDANCE (NoJm ),95% CONFIDENCE LIMITS AND NUMBER OF

SAMPLES FOR DOMINANT TAXA OCCURRING IN SEASONAL CLUSTER GROUPS IDENTIFIED BY NUMERICAL
CLASSIFICATION OF COLLECTIONS AT NEARFIELD STATION P2,1978-84, JULY-DECEMBER 1986, APRIL-DECEMBER
1990, 1991-94. SEABROOK OPERATIONAL REPORT,1994.

f

GROUP NOJ PREOPERATIONAL PERIOD OPERATIONAL PERIOD
NAME DOMINANT

SIMILARITY" TAXA N LCL MEAN UCL N LCL MEAN UCLb

7
1 Foraminifera 1 - 95 - 2 0 52 8.t x10

8
Winter Copepoda nauplii - 28 - 0 34 2.1x10

(0.66/0.60) Oithona sp. - I8 - 0 170 26386

Tintinnidae -- 15 - 0 36 6168

Microsetella norvegica -- 2 - 0 66 5823

2 Oithona sp. 2 6 223 7538 1 - 197 -

7

t Winter Cirripedia laivac 0 84 7.8x10 -- 172 --

7

t?.7i5.60) Psemlocalanus/Calanus nauplii 0 61 7.3x10 -- 34 -o

Copepoda nauplii 0 31 1054 - 26 -

Microsetella norvegica 0 9 7|8 - 41 -

6
Polychaeta larvae 0 13 6.7x10 - 39 --

I

3 Oithona sp. 40 729 1105 1675 23 1085 1715 2807

Winter / Spring Copepoda nauplii 596 856 1230 1005 1423 2017

(0.66/0.62) Pse ulacalanus/Calanus nauplii 418 621 923 135 299 661

Pseralocalan is sp. 152 237 369 133 225 379

4 Tintinnidae I - 5053 - 1 -- 11502 -

Spring Oithona sp. -- 1823 - -- 517 -

(0.78/0.62)

(continued)
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TABLE 4-2. (Continmed)

GROUP NOJ PREOPERATIONAL PERIOD OPERATIONAL PERIOD

NAME DOMINANT
SIMILARITY' TAXA N LCL MEAN UCL N LCL MEAN UCLb

5 Oithona sp. 64 3447 4194 5103 34 5100 6427 8099

Spring / Summer Copepoda nauplii 2313 3098 4149 2789 3636 4741

(0.66/0.64) Pseudocalanus/Calanus nauplii 1265 1654 2162 364 577 914

Pse:ulocalanus sp. 561 769 1055
_

337 570 963

Bivalvia veliger larvae 480 736 1129 266 502 947

6 Oithona sp. 39 1045 1415 1915 20 1075 1469 2007

Fall Copepoda nauplii 560 753 1013 525 708 953

(0.66/0.64) Pseanlocalanus/Calanus nauplii 442 594 798 65 II5 204

Pseanlocalanus sp. 161 246 377 157 225 322

Y
= 7 Tintinnidae 4 63 2005 62805 not represented

Fall / Winter Oithona sp. 22 228 2233

(0.65/0.61)

8 Oithona sp. 14 274 423 651 1I 376 795 1680

Fall / Winter Copepoda nauplii 129 221 379 160 336 702

(0.62/0.61) Pseudocalanus/Calanus sp. 83 141 239 13 37 107

Pse ulocalanus sp. 58 102 178 37 81 178

~ "within group similarity /between group similarity
laxa comprising > 5% of total group abundance in either preoperational or operational periodb
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:
1

September. Seasonal groups identified by numerical possible presence of congeneric species made it im-
4

classification generally encompassed collection periods possible to routinely identify all lifestages to species

with similar temperature regimes, particularly with level.

: respect to the depth and intensity of the thermocline
! (NAl 1985, NAI 1991b).

Eurvtemra sp.
4

i

Spatial Patterns Earlier studies inacated that Eurytemora sp.
copepodite and E. herdmani adult populations in*

Spatial vanaticn in the microzooplankton community Hampton Harbor and the nearfield Station P2 underwent'

structure was examined separately for both the preopera- similar seasonal cycles, but during the spring the

tional and operational periods. Historical comparisons population density in the estuary was much higher than

of total microzooplankton densities revealed no the nearfield population density (NAI 1978, 1979).'

.

significant differences between Stations P2 and P7; These observations suggest that recruitment to the

j although some numerically important taxa exhibited coastal population may be supplemented by the estuanne

i large differences in rank order or percent composition population. Other sources of recruitment in the spring

j between stations,their individual abundances were not might be maturation of, and subsequent reproduction

j significantly different, and confidence intervals ofthe of, overwintering copepodites or hatching of diapause

wpimional and operational abundances generally (overwintering) eggs (Grice and Marcus 1981, Marcus
: r
j overlapped (NAI 1985). Similarly,1994 abundances 1984).
1 of the 29 dominant taxa were not significantly different |

among the three stations when tested with MANOVA Eurytemora sp. copepodite monthly mean densities !
'

Wilks' l.ambda4.32, F=0.75, (p>F=0.87), as was found for the operational period and 1994 failed to exhibit'

in previous years (NAI 1991 b,1992,1993b; NAI and the mid-summer density peak that has been observed

NUS 1994). in the preoperational years (1982-1984) and were well j

below the preoperational average density from June |

|through October (Figure 4-3). However, mean oper-

4.3.1.2 Selected Species ational densities displayed (1) a late-spring peak that
was somewhat lower than the preoperational mid-

The copepods Pseudocalanus sp. and Oithona sp. summer peak, and (2) a fall peak that was comparable

were selected for further analysis in the microzooplank- to the fall peak in pimienional years. Abundance

ton program because of their numerical dominance. peaked only in the fall during 1994. The 1994 annual

Their abundance and trophic level make them important geometric mean for Eurytemora sp. copepodites at

members of the marine food web throughout the Gulf Station P2 was below the overall mean and below the

of Maine and nearby Atlantic Shelf waters (Sherman mean values for individual yerzs for the preoperational

1966,Tremblay and Roff1983, Davis 1984, Anderson years (Table 4-3, NAI 1991b). ANOVA results

1990). The third selected species, Eurytemora herd- indicated that Eurytemora sp. copepodite abundances

mani, although not dominant, has been reported to be during the operational period were not significantly

an abundant coastal copepod in the northem region different than densines from recent piwgisional ycars,

of the westem Atlantic (Katona 1971). Lifestages of and there were no significant differences between

these taxa were identified whenever possible to develop stations (Table 4-4). The interaction term (Preop-Op

an understanding of the dynamics of population X Area) was not significant, indicating that both stations

recruitment cycles. In some cases, however, the showed similar trends in density between the preopera-

4 12
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operational period at nearfield Station P2. Seabrook Operational Report,1994.
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3TABLE 4-3. GEOMETRIC MEAN DENSITY (No/m ) AND TIIE COEFFICIENT OF VARIATION (CV,%) OF
SELECTED MICROZOOPLANKTON SPECIES AT STATIONS P2, PS, AND P7 FOR
PREOPERATIONAL AND OPERATIONAL PERIODS AND 1994. SEAUROOK OPERATIONAL
REPORT,1994.

PREOPERATIONAL OPERATIONAL 1994

SPECIES /LIFESTAGE STATION MEAN CV M E AN'' CV MEAN

Eurytemora sp. P2 4 35.1 1 23.2 I
copepodites PS -- - 1 25.6 i

P7 4 56.4 1 43.9 <l

Eurvtemora herdmani P2 2 50.2 1 37.4 I
adults P5 - - 1 28.9 1

P7 3 51.2 1 42.5 i

Pseudocalanus/Calanus av. P2 593 7.5 177 7.8 150
nauplii PS - - 120 4.9 89

[ P7 499 11.2 142 5.1 135
.

Pse ulocolanus sp. P2 223 8.6 178 4.2 178
copepodites PS -- - 146 7.0 129

P7 I93 14.0 155 4.2 153

Pseudocalanus sp. P2 23 17.4 17 14.4 12
adults PS -- - I7 8.7 I5

P7 25 16.4 16 13.0 10

Oithona sp. P2 465 11.7 485 6.9 352
nauplii PS - -- 493 4.7 341

P7 403 15.1 440 7.0 342

Oithona sp. P2 490 10.1 706 4.2 527
copepodites PS -- -- 631 7.2 383

P7 299 20.1 616 3.4 540

Oithona sp. P2 107 13.5 181 6.3 163
169 8.9 144adults PS -- --

P7 98 23.9 154 6.6 143

"Preoperational years: P2 = 1978-84, P5 = not sampled, P7 = 1982-84. Mean of annual means.
hOperational years = 1991-94; 1990 not sampled durmg January through March, data not included.
Mean of annual means.
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TABLE 4-4. RESULTS OF TIIE ANALYSIS OF VARIANCE OF LOG (X+1) TRANSFORMED DENSITY
3

(NoJm ) OF SELECTED MICROZOOPLANKTON SPECIES AMONG PREOPERATIONAL YEARS
(1982-84) AND OPERATIONAL YEARS (1991-94) AND NEARFIELD (STATION P2) VS. FARFIELD
(STATION P7) AREAS. SEABROOK OPERATIONAL REPORT,1994.

SPECIES / SOURCE OF
LIFESTAGE VARIATION" df MS F MULTIPLE COMPARISONS''

Euryfemora sp. Preo Op 1 7.43 3.05NS .

copepodite Yea
Pirop-Op) Preop-Op)

5 2.24 3.78 "
Mont (Year X 77 0.80 3.3 0" *
Area 1 0.10 0.36NS
Preop-Op X Area 1 0.27 4.39NS
Area X Year (Preop-Op) 5 0.06 0.26NS
Error 201 0.24

Eurytemora herdmani P Op I 7.32 3.89NS
adult Ye

Preop-Op) Preop-Op)
5 1.77 2.86*

(Year X 77 0.81 3.98" *Mont
e Area 1 0.31 1.80NS

Preop-Op X Area 1 0.16 3.22NS-
*

Area X Year (Preop-Op) 5 0.05 0.26NS
| Error 201 0.20

Pseudocalanus/Calanus Preo Op 1 16.80 9.95* Op< Preop
sp. nauplii Yea Preop-Op) S 1.75 1.4 INS

Mont (Year X Preop-Op) 77 1.41 5.68 * "
Area 1 0.29 3.14NS
Preop-Op X Area 1 0.09 0.53NS
Area X Year (Preop-Op) 5 0.17 0.69NS
Error 201 0.25

Pseudocalanus sp. Preop Op I 0.49 0.47NS
copepodite Year Preop-Op) 5 1.22 1.22NS

Monti (Year X Preop-Op) 77 1.12 4.3 8 * "
Area 1 0.12 7.71NS
Preop-Op X Area 1 0.02 0.80NS
Area X Year (Pm.;-Op) 5 0.20 0.80NS
Error 201 0.25

Pseudocalanus sp. Preo Op i 1.69 1.07NS
adult Yea Preop-Op) 5 1.88 1.46NS

Monti (Year X Preop-Op) 77 1.32 4.67 * * *
Area 1 0.00 1.18NS
Preop-Op X Area 1 0.01 0.02NS
Area X Year (Preop-Op) 5 0.35 1.23NS,

f Error 201 0.28

(continued)

_ - - _ _ _ _ - _ _ - _ _ _ _
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TABLE 4-4. (Continned)

.

SPECIES / SOURCE OF
bLIFESTAGE VARIATION * df MS F MULTIPLE COMPARISONS

Oithona sp. P Op I 0.01 0.00NS
5 3.15 4.73 * *nauplii Yea

Preop-Op) Preop-Op)(Year X 77 0.90 4.08'"Mont
Area 1 0.64 327.81NS
Preop-Op X Area 1 0.00 0.07NS
Area X Year (Preop-Op) 5 0.03 0.13NS
Error 201 0.22

Oithona sp. Preo I 4.% 1.71NS,

copepodite Yea reop-Op) 5 2.97 2.76*
Mont (Year X Preop-Op) 77 1.19 7.23" *
Area 1 0.77 16.22NS
Preop-Op X Area 1 0.05 0.38NS
Area X Year (Preop-Op) 5 0.13 0.77NS

f Error 201 0.17

Op 1 2.29 0.65NSOithona sp.
Preop (Preop-Op)PYear 5 3.55 3.56* *adult
Month (Year X reop-Op) 77 1.23 5.%" *
Area 1 0.50 1055.00NS
Preop-Op X Area I <0.00 0.02NS
Area X Year (Preop-Op) 5 0.05 0.23NS
Error 201 0.21

NS = Not Significant (P> 0.05)
= Significant (0.05 2 P >0.01)*

" = Ilighly Significant (0.012 P > 0.001)
"* = Very liighly Significant (P s 0.001)

* Preop-Op = preoperational period vs. operational period, irgardless of area
Year (Preop-Op) = year nested within preoperational and operational periods, regardless of area

Month (Year X Preop-Op) = month nested within year
Area = nearfield vs. farfield stations

Preop-Op X Area = interaction of main effects
Year X Area (Preop-Op) = interaction of area and year nested within preoperational and operational period.

''I. cast squates means compared with a paired t-test

_ _ - _ - . _ _ _ _ _ __ - - _ _ _ ____ - - _ _ _ - _ _ - - _ _ - - - _ _ _ _ _ - _ _ _ - - _ - _ _ - _ _ - _ _ _ _ - _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _
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ZOOPLANKTON I

tional and operational periods, and no effect can be the preoperational average in spring and near the

attributed to the operation of Seabrook Station. preoperational average for the remainder of the year.
The mean densities of both copepodites and adults

Temporal changes in the at>undance ofEurytemora
during the operational period were not significantly

herdman / adults during the operational period followed
different from the preoperational (1982-1984) means

the same general seasonal pattern as described for Ewy.
(Tables 4 3,4-4). The interaction term (Preop-Op x

temora sp. copepodites with the exception that a fall
Area) was not significant, indicating no effect due to

peak was not detected in E herdmani adult abundances
plant operation. Significant differences were noted

in either the preoperational or operational years, among months, but not between stations.

although a fall peak occurred in 1994-(Figure 4 3).-
The mean abundances of E herdmani adults during

Oithona so.
the operational period were below the mean abundances

for the preoperational years (Table 4-3), but the
differences were not significant (Table 4-4). The All Oithona sp. (mostly Oithona similis) lifestages

interaction term (Preop-Op x Area) was not significant were present year-round and together constituted one

indicating no effect due to the plant. Significant differ-
of the most abundant microzooplankton taxa throughout

ences were noted among years and months, the preoperational and operational periods (Tables 4-2
and 4-3). Oithona sp. nauplii densities at Station P2

during the operational penod and 1994 generally exhib-
ited the same seasonal pattem of abundance as during

Pse * * rg m .
the gwpo sional period (Figure 4-4), although in 1994

Historically, PseudocalanusCalanus sp. nauplii were the spring and summer densities were lower than the

present year round at Station P2 in large numbers preoperational and operational spring and summer

(Figure 4-3), and were among the numerically dominant
densities. Average operational densities were not

taxa composing the microzooplankton community in significantly different from the preoperational(1982-

most seasons (Table 4-2). Seasonal peak abundance 1984)mean(Tables 4-3,4-4). Significantdifferences

occurred during July during preoperational years, and were noted among years and months (Table 4-4).

July and August during the operational period (Figure
4-3). The 1994 abundances peaked somewhat earlier Oithona sp. copepodites also followed the same

than both preoperational and operational averages. general partem of seasonal abundances during the opera-

Mean densities for the operational period were signifi- tional period and 1994 that was evident during the pre-

cantly lower than the gwpmeional mean at both operational period (Figure 4-4). The 1994 geometric

stations (Tables 4-3,4-4). However, the differences mean for copepodites at Stations P2 and P7 was larger
|

between periods were consistent between the nearfield than the means for the preoperational period (Table

and farfield areas, indicating an areawide dew rather 4-3). However, there were no significant differences

than a localized plant effect. Differences among rr.onths between the operational and preoperational periods or

and years were significant, while spatial di6erences between stations (Table 4-4). Differences among years

were not significant. and months were significant. Mean densities at the

nearfield and farfield stations showed similar trends

|
Pseudocalanus sp. copepodites and adults were also between the preoperational (1982-1984) and operational

present throughout the year, with peak abundances periods, indicating no effect due to the plant (Table'

occurring from mid-summer through fall (Figure 4-3). 4-4).

Monthly mean abundances in 1994 were lower than

4-17
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Figure 4 4. Log (x+1) abundance (no/m3) of Oathona sp. nauplit, copepodites and adults;
monthly means and 95% confidence intervals over all preoperational years
(1978-1984 and 1986) and monthly means for 1994 and operational period at
nearfield Station P2. Seabrook Operational Report,1994.
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; Seasonal fluctuations in abundance of Oithona sp. seasonal changes that were generally consistent amon g |

- adults during the operational period and 1994 were years. Most operational period coIIections were I

generally similar to those observed during the preopera- classified into groups that occurred preoperationally l
i

tional period (Figure 4-4), although the sprmg minimum (Figure 4-5 and Table 4-5). Early spring collections |
;

was slightly lower in 1994 than the preoperational and (Group 1) were characterized by low densities of only

|
operational minimum values, while the fall maximum a single taxon, Hiatella sp. In 1994, early spring

for the operational period and 1994 was somewhat collections were similar to previous years in that only |

higher than the preoperational value. Geometric mean one taxon, Riarella sp., was present. However, densities

j abundance for adults at Station P2 for 1994 was slightly were two orders of magnitude higher than typical of

i higher than the mean for all %.jonalyears(Table - Group 1, resulting in a unique assemblage (Group 1a)

4-3); however, mean operational densities of Oirhona not observed historically. The transition to the late

sp. adults were not significantly greater than the recent spring assemblage (Group 2) was marked by peak

pre +idional (1982-1984) means at both nearfield densities of Hiatella sp., the earliest spawner, along,

,

and farfield stations (Table 4-4). Mean densities at
with moderate densities ofMyrihe edul&, Mya inacara

the nearfield and farfield stations showed no significant and Solenidae. Peak mean densities of M edulis,

_

differences (Table 4-4). Differences among months Anomia squamula, and Modiclu modiolus typified

were significant. No significant differences were the early summer / fall assemblages, Group 3. This'

detected between stations, and the interaction term assemblage was followed by a period of low-to-i

! (Preop-Op X Station) was not significant. moderate densities of bivalve larvae (Group 4) that
occurred in late summer and fall. In some years, a

{
second peak ofM edulis, A. squwnula and M modiolus

i

i 4.3.2 Bivalve Larvae led to the recurrence of the summer / fall assemblage |

|
(Group 3) in late summer or fall. Late summer or fall ]

'

4.3.2.1 Community Structure collections throughout the study period have occasional-

|
ly contained exceptionally low densities of bivalve :

; Pattems of abundana of the umboned bivalve larvae larvae, including Anomia squamula. Myrilur edulu and

! assemblage were examined using numerical ciassifica- Modiolus modiolus (Group 5). These periods were ;

tion to address whether there were differences among followed by an increase in densities of the dominants

i stations (spatial pattems) or between the preoperational and retum to the typical late summer-fall assemblage

j- and operational periods (temporal pattems). This (Group 4). No single group characterized the bivalve

; aggregation of meroplanktonic species exhibited strong larvae assemblage from Augus'-October every year.

seasonal pattems that were generally consistent among The bivalve larvae assemblage during the operational I

;

years and stations, especially for the early spring and period (beginning in August 1990) was similar to

spring groups (Figure 4-5). Mean abundances were previous years. ;'
'

grouped seasonally, falling into one of six distinct
groups. The seasonal structure of the community re- In 1994, the typical early spring assemblage (Group

flected recruitment of different taxa and their abundance 1) occurred only in late April at Station P2. Higher-

(Table 4-5). than-average densities of Hiatella sp. (Group la)
;

occurred at PS and P7 in late April; in early May, the;

unusual early spring assemblage occurred at all three

Temporal Patterns stations. As the spawning season progressed, the'

j- bivalve larvae assemblage changed from the early spring
" The bivalve larvae assemblage showed predictable (Group 2) in late May to early summer / fall in June

4-19
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Seabrook Operational Report,1994.

^

4 20

_ - _ _ _ _ - _ _ _ _ _ _ _ _



3TABLE 4-5. GEOMETRIC MEAN ABUNDANCE (Nolm ), AND THE 95% CONFIDENCE LIMITS OF DOMINANT TAXA AND NUMBER OF
COLLECTIONS OCCURRING IN SEASONAL GROUPS FORMED BY NUMERICAL CLASSIFICATION OF BlVALVE LARVAE
COLLECTIONS AT INTAKE (P2), DISCHARGE (PS) AND FARFIELD (P7) STATIONS, 1988-1994.
SEABROOK OPERATIONAL REPORT,1994.

GROUP NOJ DOMINANT TAXA PREOPERATIONAL YEARS OPERATIONAL YEARS"6

NAME
SIMILARITY'

N' LCL MEAN UCL N LCL MEAN UCL

I Iliatella sp.d 18 28 39 55 12 24 50 103
Early spring
(0.64/0A6)

la 1/iatella sp.d 0 - - - 5 1511 2694 4805
Early Spring,

1994

(0.85/0.46)

P 2 1/iatella sp.* 90 632 1316 2741 20 451 648 933
dLf Early spring Mya truncata 56 112 223 6 10 18

(0.69/0.58) Solenidae 38 51 69 9 15 25

d
3 Mytilus edulis 41 3020 4500 6705 46 3723 5519 8I8I

dEarly Summer / Anomia squamula 297 587 1160 518 885 1512
Fall fliatella sp.d 234 463 916 430 754 1320

(0.72/0.65) Modiolus modiolus 153 264 455 44 96 208
Solenide 34 55 91 23 48 100

d4 Anomia squamula 24 268 451 758 84 315 387 476
dLate Summerl Modiolus modiolus 100 191 362 16 26 4I

dFall Mytilus edulis 53 103 199 204 283 393

(0.68/0.65) Spisula solidissima 29 51 92 16 22 29
Solenidae 23 45 90 6 9 13

d
5 Anomia squameda 7 13 27 58 6 19 42 89

dFall Mytiltes edulis 10 22 46 5 13 35

(0.6110.54) Modiolus modiolus 3 14 51 0 1 I
dMya arenaria 0 3 10 1 9 40

dSolenidae 0 1 2 0 8 53

Ungrouped Iliatella sp.d - - - -- 1 - 2 --

(--/0.12)

*(within-group similarity /between-group similarity)
preoperational = April 1988-July 1990; operational = August 1990-October 1994b

'N = number of half-monthly means calculated from weekly means (first half-month includes weeks beginning with days 1-15; second half with days 16-31)
those taxa contributing 25% of total group abundance in either preoperational or operational period collectionsd

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



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

|
|

i

JOPLANKTON

and July (Group 3). In early August a transition to 4-5). During 90% of the sampling periods, assemblages i

the typical late summer fall community (Group 4) was at all three stations were similar, and were grouped ;

observed at Stations P2 and P7. At Station PS, low together; assemblages at nearfield Stations P2 and PS

densities of most taxa were observed in early August were grouped together 95% of the time. In 1994, the

(Group 5), which then progressed to the typical fall assemblage from the earliest samples taken (late April

assemblage (Group 4). Multivariateanalysisindicated 1994) at Station P2 (nearfield) was not similar to any

that operational densities were significantly different other group because only extremely low numbers of ;

from densities in 1988 and 1989 (Wilks' Lambda =0.35, Hiatella sp. were present. By early May 1994, numbers

F=47.9, p4.0001); these differences were not consistent of Hiatella sp. increased, making the P2 assemblage ;

among stations (Preop-Op X Station: Wilks' similar to that at P5 and P7, the early spring assemblage

Lambda =0.88, F=1.59, p=0.04). Four species (Modiolus (Group la).
i

modiolus, Spisula solidissima. Mya arenaria, and
Macoma balthica) had decreased abundances during The only other sampling period in 1994 where all

the operational period at all three stations. Two taxa, three stations were not placed in the same faunal group

Hiatella sp., and Teredo navalis, were responsible for occurred in early August. Collections from Station '

the significant Preop-Op X Station interaction (Figure PS (nearfield) were placed in Group 5, the low-density

4-6). Densities of Hiatella sp. increased during the fall assemblage, while collections at Stations P2

operational period; however these increases were (nearfield) and P7 (farfield) were placed in Group 4.

greatest at Station P2. Densities of Teredo navalis, By late August, the assemblage at all three stations

a relatively uncommon species showed a significant was similar (Group 4). MANOVA results indicated

increase at Station P2 during the operational period that two species, Hiatella sp. and Teredo navalis,

, and a significant decrease at Stations PS and P7 showed trends during the operational period that differed

(Figure 4-6), among stctions (Figure 4-6). However, in both cases

the trends ai ihe farfield station were similar to one

of the nearfield stations.

Spatial Pattems ,

Distribution of bivalve larvae in marine waters was 4.3.2.2 Selected Species

related to several factors: distribution of spawning
adults, length of larval existence and local hydroy dic Mya arenaria was identified as a selected species

conditions. The dominant bivalve larvae collected in because of the interest in recreational (locally) and com-

coastal waters of New Hampshire were species whose mercial (regionally) harvesting of adults and the concem

adults were widely distributed along the New England that impacts to the larval population could decrease

coastline. Duration of larval stage is dependent on the standing stock of harvestable clams (Section 10.0).
,

temprature, but may be as long as six weeks (Bayne Mytilus edulis has been the most abundant species

1965,1976; Jury et al.1994). The local hydrography encountered in bivalve larvae investigations. Temporal
'

is dominated by tidal and longshore currents (NAI and spatial pattems of both species were examined to

1980). Stations P2, PS and P7 are located in waters evaluate whether there was evidence of impacts induced

of similar depth (Figure 4-1) with no physical barriers by operation of Seabrook Station. ,

between them. These conditions tended to create a
'

spatially homogenous bivalve larvae community. It
! was not unexpected, then, that the species composition

was usually similar at each of the three stations (Figure
,

4 22
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Mra arenaria periods and during 1994. Densities remained relatively
abundant through the end of sampling in October

This species is discussed in detail in Section 10.0. (Figure 4-7). Monthly abundances in 1994 increased

sharply in mid-June and reached peak abundances in

early July, with a secondary peak occurring in late-

Mrtilus edulls September /early October. Durmg these times, densities!

exceeded the upper 95% confidence limits of both the
4

Abundances of Myrilus edulis peaked in June at pr+&ional and operational weekly averages (Figure'

Station P2 during the preoperational and operational 47).
,

Mytilus edulis

i s. r .
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Figure 4-7. Weekly mean log (x+1) abutwhnee (no/m') of MynUus eduJis larvae at Station P2 during j
preoperational years (1978-1989, includmg 95% confidence intervals), and weekly means i

in the operational period (1991-1994) and in 1994. Seabroolc Operational Report,1994. |
1,

1

I
1

|

,

The annual abundances at both nearfield and years and weeks were significant. The interaction term

farfield stations during 1994 were at least 50% higher (Preop-Op X Station) was not significant, suggesting'

; than the operational and gwp 41onal abundances that the plant had no effect on the abundance ofMytilus

for the second year in a row (Table 4-6, NAI and NUS edulis larvae.
'

1994). Mytilid abundances had been low at all stations
in 1992 (NAI 1993b). The average operational abun-
dances at all three stations were not significantly 4.3.2.3 Entraissent
different than recen' prwperational (1988-1989)

abundances (Table 4-7). Station differences were not The effects of operation of Seabrook Station on

significant during the period when collections were bivalve larvae were monitored primarily through
made at all three stations, although differences among entramment sampling and secondarily through compar-
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TABLE 46. GEOMETRIC MEAN ABUNDANCE (No/m ) WITH COEFFICIENT OF

VARIATION (CV) FOR MITILUS EDULIS LARVAE AT STATIONS P2,
P5 AND P7 DURING THE PREOPERATIONAL AND OPERATIONAL
(1991-1994) YEARS AND THE 1994 MEAN. SEABROOKi

OPERATIONAL REPORT 1994.

PREOPERATIONAL OPERATIONAL 1994

STATION YEAR MEAN* CV MEAN* CV MEAN

P2 1982-1989 232.4 18.5 193.7 24.2 424.7

P5 1988-1989 184.2 18.0 172.2 20.7 281.4

P7 1982 1984, 250.1 13.2 204.8 23.0 409.8

1986 1989

'rnean of annual means

TABLE 4-7. RESULTS OF ANALYSIS OF VARIANCE COMPARING INTAKE (P2), DISCHARGE

(PS) AND FARFIELD (P7) WEEKLY ABUNDANCES OF MYTILUS EDULIS DURING
PREOPERATIONAL (19881989) AND OPERATIONAL (19911994) PERIODS.
SEABROOK OPERATIONAL REPORT,1994.

MULTIPLE
SOURCE OF
VARIATION df MS F COMPARISONS

Preop-Op' 1 0.62 0.03 NS

Station 2 0.30 3.21 NS

Year (Preop-Op) 4 19.69 3.56* "
Week (Preop X Year) 146 5.57 41.83* "
Preop-Op X Station 2 0.093 0.97 NS

Station X Year (Preop-Op) 8 0.097 0.73 NS

Error 291 0.13

NS = Not Significant (P> 0.05)
= Significant (0.05 2 P >0.01)*

= Highly Significant (0.012 P > 0.001)"

= Very Highly Significant (P 5; 0.001)*"

* Preop-Op = preoperational period vs. operational period, regardless of area
Station = nearfield vs. farfield stations .

Year (Preop-Op) = year nested within preoperational and operational periods, regardless of area
Week (Year X Preop-Op) = week nested within year

Preop-Op X Area = interaction of main effects
Station X Year (Preop-Op) = interaction of station and year nested within preoperational and

operational period.
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isons of both community and species abundance 4.3.3 Macrozooplanktos
,

characteristics between the preoperational a'nd

operational periods. In 1994, no entramment samples 4.3.3.1 Community Structure !
;

were collected, due to a scheduled plant shutdown and

equipment malfunction. Scheduled plant shutdowns
Historical analysis (1978-1984 and 1986-1989) of

occurred from early Augustthrough November 1991, the macrozooplankton assemblage at the nearfield

in September and October 1992, and from April through
Station P2 showed seasonal changes that were greatly

"

August 1994. The total number of bivalve larvae influenced by the population dynamics of the dominant

entrained in 1993 was greater than in 1991 and 1992 c~ypm4 Centmpages typicur and Calanurfnmanchicus

(Figure 4-8) due to above- average abundances of- (NAI 1990). Other taxa, particularly meroplanktonic

dominants such as Myrilur edulis and Anomia squamula species, exerted short-term influences, especially during

in combination with sampling during periods of peak the spring and summer (NAI 1985). Because of their

abundance (July-September). In 1993 Mytilus edulis lower abundances, seasonal patterns of tychoplanktonic

accounted for 55% of the total bivalve larvae entramed, species, e.g., mysids, amphipods and cumaceans, were

while Anomia squamula accounted for 22%, Klatella not well documented by numerical classification of

sp. for 13% and Modiolus modiolus for 7% (Figure the entire macrozooplankton assemblage. To identify

4-8). Entramment appeared to be substantially lower seasonal patterns more clearly, the tychoplankton assem-

in 1991 than during 1990 and 1993 (NAI 1991b), blage was analyzed separately from the mero- and
-

largely as a result of a four-month pir.nt shutdown, holoplankton.

which resulted in reduced entrainment of dominants |

Mytilus edulis, Hiatella sp. and Anomia squamula
The Ha =_=d M..c+=htan A==adame j

(Figure 4-7).

Numbers of larvae entrained reflect the numbers
The distinct seasonal patterns of the holo- and !

present in the natural environment. In all years, meroplankton previously observed were again evident

entrainment was highest in June or July, reflecting the when 1994 collections were included in the numerical )

natural peak in bivalve larval abundance observed classification (Figure 4-9, Table 4-8). Groups 1, 6,
i

nearshore, For example, Mytilus edulis larvae were 7, and 8 occurred for at least one month in every year

! very abundant in 1993 from late June through the third and together, included 84% of the collections. Temora

week of July (NAI and NUS 1994). That period of longicornis, Sagitta elegans and Centropages typicus

peak abundance is reflected in the high numbers dominated periods of low abundance in late fall and

i entrained in July (Figure 4-8). An early fall (Septem- early winter (Group 1). Pseudocalanus sp., Tortanus

ber) peak in bivalve larvae entrainment in 1993 was diccoudatus and Larvacca (formerly referred to as

| due to high numbers of Anomia squamula and other OiAopleurasp.)wereco-dominantatthistime. Afew
,

bivalves, primarily Modiolus modiolus. Hiatella sp., of the cooler winter months (Group 2) in 1993 and#

.
an early spawner, was most abundant in entramment 1994 were dominated by Temora longicornis, Sagitta

samples in 3une and July. elegans and Torranus dismhrus. Temora longicornis'

and Sagitta elegans dominated February collections
in 1990 (Group 3). Late winter and early spring (Group

!

4) collections were dominated by Cirripedia. Calanus
,

finmarchicus and Larvacca were also abundant in late
,

winter and early spring. Cfmmanchicus with Cirripedia

dominated March and April samples in 1989 (Group

4-27
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Figure 4-9. Dendrogram and seasonal groups formed by numerical classification of mean monthly|
log (x+1) transformed abundances (no11000 m') of bolo. and meroplanktonic species
of macrozooplankton at intake Station P2, discharge Station P5 and farfield Station P7,
1986-1994 Seabrook Operational Report,1994.
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3TABLE 4-8. GEOMETRIC MEAN ABUNDANCE (NoJ1000m ) AND 95% CONFIDENCE LIMITS OF DOMINANT HOLO- AND
MEROPLANKTONIC TAXA OCCURRING IN SEASONAL GROUPS FORMED BY NUMERICAL CLASSIFICATION
OF MACROZOOPLANKTON COLLECTIONS (MONTHLY MEANS) AT INTAKE STATION P2, DISCHARGE
STATION P5 AND FARFIELD STATION P7,1986-1994. SEABROOK OPERATIONAL REPORT,1994.

bGROUP' DOMINANT SPECIES PREOPERATIONAL YEARS' OPERATIONAL YEARS *

N LCL MEAN UCL N LCL MEAN UCL
|

| 1 Temora longicornis 36 1932 2884 4304 36 871 1515 2634

| Late Fall /Early Winter Sagitta elegans 873 1322 2003 668 918 1261

(0.64/0.63) Centropages typicus 565 1206 2573 1200 2271 4296
;

| Pseudocalanus sp. 401 701 1222 201 351 613

Tortanus discaudatus 216 495 II31 440 836 1588

Larvacca 73 164 367 238 474 942

e 2 Temora longicornis - not represented - 9 693 2391 8245

to Winter Sagitta elegans 1645 2331 3303

(0.70/0.63) Tortanus discaudatus 1030 2035 4018
,

3 Temora longicornis 3 3226 28662 254624 - not represented --
Feb 1990 Sagitta elegans 6896 20601 61540

(0.81/0.60)

4 Cirripedia 12 20260 51170 129237 18 73254 181714 450762

Late Winter /Early Calanusfnmarchicus 4761 16060 54165 2887 11420 45173

Spring Larvacea 1906 4562 10912 7898 14485 26568

(0.67/0.58)

5 Calanusfinmarchicus 6 4390 7900 14217 - not represented --
Spring 1989 Cirripedia 893 3550 14100

(0.68/0.58)

(continued)



TABLE 4-8. (Continmed)

bGROUP" DOMINANT SPECIES PREOPERATIONAL YEARS' OPERATIOP' AL YEARS'

N LCL MEAN UCL N LCL MEAN UCL

6 Calanusfinmarchicus 30 42197 57527 78424 24 65756 109869 183574
Late Spring Eualus pusiolus 3386 4844 6932 1622 2287 3225

(0.67/0.62) Evadne sp. 2358 4491 8552 11285 18565 30540

7 Centropages typicus 39 17875 37103 77012 42 37598 66807 118708
Summer Calanusfinmarchicus 20821 36214 62988 8864 18999 40721

(0.72/0.62) Cancer sp. 14019 2440I '42471 27137 38298 54047
Eualus pusiohn 3421 6602 12741 3683 6058 9964
Temora longicornis 1210 2695 5997 6937 II109 17789

7, 8 Centropages typicus 21 29419 52173 92524 30 30735 57541 107724
o Fall Centropages hamatus 2307 4594 9147 102 276 746

(0.68/0.59) Centropages sp. copepodite 2409 4337 7810 645 1447 32442

*(within-group similarity /between group similarity)
bthose taxa contributing >_S% of total group abundance in either preoperational or operational periods
*preoperational period = January 1986-July 1990; operational period = August 1990-December 1994

i

|

|

|
*

t

|

|

|
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5). Late spring (Group 6) collections were dominated the result of the lower than normal water temperatures ;
J

by C finmarchicus, whose abundance was an order during the winters of 1993 and 1994 (Section 2.3.1).'

of magnitude greater than the co-dominants Evadne A similar reduction in the abundance of C. typicus was :

sp. and Eualurpusiolus. Summer (Group 7) collections observed during the cold winter months of 1978 and :

|
were dominated by Centropages typicus, C.fnmar- 1979 in earlier preoperational sampling (NAI 1984b).

chicus, and Cancer sp. E. puslolus and T. longicornis |

were also abundant in summer. Most meroplanktonic Although community composition was generally I

species (e.g., Carcinus maenas, Sec. 4.3.3.2), though similar between operational and p@onal penods, |

not dominant, reached their peak abundances during geometric mean abundances were generally higher in

summer months. C. typicus, Centropages hamatus, - the operational years than in the pisoim eional period ;

and Centropages sp. copepodites were dominant in of 1987-1989, as indicated by a significantly different |

fall (Group 8). operational status (p=0.0001) when tested by |

MANOVA. Of the 50 taxa included in the MANOVA,

The seasonal shift in dominance among Cirripedia, 8 exhibited significantly higher abundance in the ;
'

Calanurfmmarchicus and Centropqges typicus observed operational period (individual species differences

in 1987 through 1994 was consistent with pattems ob- determined by ANOVA). No taxa were lower in j
'

served historically (NAl 1990). 'Ihe seasonal shifts abundance. Cirripedia, one of the 13 taxa that

in dominance observed among the copepods C. dominated the holo- and meroplankton during various j

finmarchicus, C rypicus and to a lesser extent, parts of the annual cycle, reached higher abundances |
Pseudocalanus sp. were consistent with other in the operational period than in the recent preopera- !

t

observations for the Gulf of Maine (Sherman et al. tional period (1987-1989). Although differences in

1988). the operational and preoperational periods were ***A !

a similar shift was detected at all stations (MANOVA i

Species composition of holo. and meroplankton dur- testing Preop-Op X Station, p=0.96) indicating a |

ing the operation of Seabrook Station was generally broadscaletrend. Increases ofholo-and meroplankton j

similar to the preoperational period examined. in the operational penod could be attributed to a number |

However, January and February 1993 and February ofenvW- =- 1 factors such as changes in temperature,

1994 assemblageswere atypical (Figure 4-9). The fall reduced abundances ofichthyoplankton predators and i

dominant Centropages typicar typically declined in recruitment of macrozooplankton from other areas |
abundance each December, but remained a dominant (Meise-Munns et al 1990; Kane 1993). Small but ;

in tic low abundance winter assemblage. However, significant broadscale increases in temperature have :

C typicus virtually disappeared in January and February been detected in the bottom waters during the |
I

1993 (NAI 1994) and February 1994 (NAI 1995) at operational period (Section 2.3.1). The abundance of

all three stations. 'Ihese winter samples were dominated Atlantic herring ichthyoplankton, which feed on !

by Temora longicornis, Sagitta elegans, and Tortanus macrozooplankton, has declined in the operational !

di=~ den, which normally were co-dominant durmg penod (Section 5.3.1). Cap =vi abundance in the Gulf
-

this time. A slightly delayed Cirripedia peak combined of Maine has been increasing (Jossi and Goulet 1993)

. with low copepod abundances and sustained high and New Hampshire coastal waters may be expenencing

abundance of S elegant extended the winter community some of this increase Calanusf.,.,, m.ideur was report- ;

(Group 1) into March 1993 (NAI 1994) and 1994 (NAI ed to have exhibited an increasing trend in the North-

1995). The delay of the spring Cirripedia and Calanur west Atlantic over the past 30 years (Sherman 1991).

finmarchicus peaks, the low abundance of C typicus, Jossi(1991) reported that total copepod abundances

and the longevity of the winter group may have been

4-31
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|
in the Gulf of Maine were higher in 1990 than in the juveniles, which has been linked to surface water

previous decade. temperatures approaching 12*C and the onset of therma!

stratification (Grabe and Hatch 1982) occmred in May !
1'

|
Previous analyses have suggested that there are no and June. Two other infrequently occurrmg communi-

J spatial differences in holo- and meroplanktonic ties occurred at all stations. Summer (Group 6)
I

1 assemblages in the study area (NAl 1991b). collections were represented by moderate abundances

I of amphipods (P. inermis preoperationally and ;

Numericalclassificationofholo andmeroplanktonic Oedicerotidae during the operational period) and!

;
abundances from 1986-1994 revealed no spatial Harpacticoids. The other in late spring, (Group 10),

;

I differences in community composition among Stanons was charactenzed by moderate numbers of P. inermis.

P2, PS and P7 (Figure 4-9). Collections from all 1schyrocerus angulpes and N. americana. Episodes

j stations were grouped together within each month. oflow tychoplankton abundance at Station P7 resulted

! - Although species composition was similar among in the formation of several small groups (Groups 1,

stations, differences in species 6mdan~ were detected 2 and 3) represented by reduced abundances of :'

by MANOVA (p=0.0001). Abundances at Stat' ion P5 amphipods, N. americana. Harpacticoids and Diastylis ,

were slightly higher than at Stations P2 and P7. Only sp Moderate ah= dan = ofN amencana and reduced ;
2

| six of 50 taxa exhibited significant station differences abundances of amphipods and the cumacean Diastylis

i when tested by ANOVA, including the seasonal sp. formed a fall group composed almost entirely of i
i

dominants Evadne sp. and Eualuspuriolus. Differences Station P7 (Group 4) collections which was concurrent*

'

could be related to spatial differences in water quality with the dominance by N. americana at the nearfield
;

parameters. Significant station differences in surface
stations. A fall and winter community (Group 5) i

and bottom temperature were detected and annual mean dominated by Oedicerotidae and N amencana appeared
,

'

temperatures have been higher at Station PS (Section mfrequently at Stations P5 and P7.
t

,

2.3.1).
Seasonal pattems of the tychoplankton assemblage ,

i
were generally similar between during preoperational |

: '

|
The Tychedankton Assemblame and operational periods (Figure 4-10). However, the

amphipod dominated community (Group 7) failed to
|
i Seasonal variation in the tychoplankton species appear in the summer of 1994 at the nearfield stations

i composition was influenced mostly by variations in due to higher than nonnal abundances of Neomysis :

! abundance of the nearly omnipresent dominant taxa americana (Section 4.3.3.2),typicalofGroup 8. Most ;
'

Neomysis americana, Oedicerotidae and Pontogencia tychoplanktonic taxa in the nearfield area are ubiquitous,

inermis and by the presence of the seasonal dominant so changes in groups are generally a functon of relative'

j Mysis mixto (Figure 4-10; Table 4-9). 'Ihree seasonal abundances Despitewnsd Aleinterannualvariation

groups (Groups 7, 8 and 9) encompassed 78% of the in succession of seasonal groups at Station P7, the t
'

collections of the tychoplankton (91% of P2 and P5 wp.--ce of seasonal groups in the operational period
,

|
*

collections). Oedicerotidae and Pontogencia inermis has generally coincided (within one month) seasonally

dominated summer collections (Group 7), particularly with the appearance of groups in the preoperational ;

!
in the nearfield area. High abundar- ofN. amencana period MANOVA results indicated that differences

,

! dominated the fall and early winter collections (Group in abundance between preoperational (1987-1989) and |

8). M mixta replaced N. americana as the over- operational (1991-1994) periods existed (p=0.0001), ;

whelming dominant in late winter and early spring with abundances higher during operational years than
*

(Group 9). The offshore migration of M mixta in recent preep ieional years. This shift occurred in
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Figure 410. Dendogram and seasonal groups formed by numerical classification of mean
monthly log (x+1) transformed abimdans (no/1000 m8) of tychoplanktonic
species of macrozoonlanlemn at intake Station P2, discharge Station P5 and
farfield Station P7,19861994. Seabrook Operational Report,1994.
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3TABLE 4-9. GEOMETRIC MEAN ABUNDANCE (NoJ1000m ) AND 95% CONFIDENCE LIMITS OF DOMINANT
TYCHOPLANKTONICTAXA OCCURRING IN SEASONAL GROUPS FORMED HY NUMERICAL
CLASSIFICATION OF MACROZOOPLANKTON COLLECTIONS (MONTIILY MEANS) AT INTAKE
STATION P2, DISCHARGE STATION P5 AND FARFIELD STATION P7,1986-1994.
SEABROOK OPERATIONAL REPORT,1994.

GROUP * DOMINANT SPECIES PREOPERATIONAL YEARS' OPERATIONAL YEARS *b

N LCL MEAN UCL N LCL MEAN UCL

I Diastylis sp. 2 0 2 IIO
P7 Winter Erythrops erythrophthalma - not represented - t 2 4

(0.61/0.24) Oedicerotidae 1 1 1

Neomysis americana o i 14

2 Pontogeneia inermis 3 0 4 19 7 1 2 5

P7 Late Spring liarpacticoida 0 3 18 1 3 9

(0.43/0.39) Neomysis americana 0 2 29 2 3 5

Diastylis sp. 0 0 7 0 1 5
y

Q ischyrocerus anguipes 0 0 1 0 1 2

9
3 Oedicerotidae 4 0 8 73 2 0 23 1.0x10

P7 Suminer liarpacticoida 2 7 18 0 6 1961

(0.50/0.39) Pontogencia inermis 0 2 13 0 1 620

4 Neomysis americana l1 31 87 242 8 30 81 215

P7(PS) Fall
(0.48/0.40)

5 Oedicerotidae 12 15 40 103 6 2 16 101

PS/P7 Fall / Winter Neomysis americana 9 14 21 6 17 47 !

(0.54/0.54) Pontogencia inermis 3 6 12 2 5 12

Diastylis sp. 2 4 7 0 3 12

Ilatpacticoida 1 3 7 4 II 28

6 Pontogencia inermis 3 - 163 -- 3 6 8 10

Summer llarpacticoida -- 97 -- 40 101 254

(0.68/0.55) Oedicerotidae -- 5 - 69 142 291

Diastylis sp. -- 14 - 0 38 1360

(continued)

_ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _



TABLE 4-9. (Continued)

GROUP * DOMINANT SPECIES PREOPERATIONAL YEARS * OPERATIONAL YEARS'6

N LCL MEAN UCL N LCL MEAN UCL

7 Oedicerotidae 25 104 258 634 21 55 185 611

Summer Pontogencia inermis 49 77 120 31 58 110

(0.64/0.60) Neomysis americana 23 50 108 33 59 107

liarpacticoida 25 43 72 43 78 141

8 Neomysis americana 49 453 852 1599 69 183 254 352

Fall /Early Winter Diastylis sp. 35 54 82 34 48 69

(0.62/0.60) Pontogencia inermis 26 4I 63 33 49 73

Oedicerotidae 20 31 48 25 35 50

liarpacticoida 3 5 8 15 22 33

9 Mysis mixta 34 172 435 1099 40 168 345 709
p
M Late Winter /Early Neomysis americana 17 37 79 14 25 44

Spring Pontogencia inermis 14 23 33 27 45 75

(0.56/0.50)

10 Neomysis americana 7 17 61 221 1 -- 31 -

Late Spring Pontogencia inermis 4 36 272 - 64 -

(0.54/0.49) Ischyrocerus anguipes 3 11 34 - 0 -

*(within-group similarity /between group similarity)
those taxa contributing 25% of total group abtmdance in either preoperational or operational periodsb

*preoperational period = January 1986-July 1990; operational period = August 1990-December 1994

L. - - -_
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both nearfield and farfield stations (Figure 4-10; Preop. 4.3.3.2 SiM Snecies
Op X Station, p=0.36), indicating a bioadscale trend.

C-1--us finmarchicus

Differences between the nearfield and farfield areas
in tychoplankton assemblages from 1987 through 1994 Average monthly Calanusfnmarchicus copepodite

were apparent from numerical classification. Collections
abundances at Station P2 have historically exhibited

from Stations P2 and PS were usually grouped together a broad spring through summer peak (Figure 4-1!).

(84% of collections, Figure 4-10). The assemblage Operational abundances followed a similar pattem,

at Station P7 was distinct from either of the two ahigh abundances were lower in February and March.

nearfield stations in 47% of the collections. Despite Abundancesin 1994 showedthe same monthly pattern

the differences at Station P7, farfield communities as previous years.

parallelled the nearfield progression ofdominant taxa
from Neomysis americana in the fall and winter (Group The geometne mean annual abundance ofeg+;- N

4) to .4 sis mixta in the spring (Group 9) to the at the nearfield stations have historically been about

amphipods in summer (Groups 2,3). The greatest double that at Station P7. Similar ratios were seen

similarity between nearfield and farfield stations in the operational period and in 1994. Increased

occurred during the Mysis mixta peak in March, April, abundances in the nearfield area could be due to the

and May, and again in November during the N. proximity to the Hampton Estuary. Slight decreases

americana peak (Figure 4-10). Although Station P7 in abundances were seen in 1994 (Table 4-10). No

generally exhibited similar seasonal patterns to Stanons differences of abundance were detected between the

P2 and P5, abundances of dominant taxa, particularly recent preoperational (1987-1989) and operational

Pontogencia inermis, Oedicerotidae, and Diastylis sp. periods or among stations (Table 4-11). The interaction

were lower, resulting in the formation of four groups term (Preop x Station) was not significant indicating

(1,2,3 and 4) composed almost entirely of farfield no effect from operation of Seabrook Station on

collections. Resuhs of numerical classification were populations of Calanusfnmarchicus copepodites. :

substantiated by MANOVA, which indicated that there

were significant differences among stations in species The monthly mean abundance of Calanusfinmar-

composition (p=0.0001). Tychoplanktonic species are chicus adults during all preoperational years showed

often strongly associated with particular substrate types. a peak period occurring in winter and a larger peak

Substrate type and complexity, along with proximity occurnng June through September (Figure 4-11). Peak

to Hampton-Seabrook estuary, may account for some abundances during the operational period were slightly
,

of the differences observed among tychoplankters. delayed, occurring March through April and July

Neomysis americana, Pontogencia inermis, and through September, Abundances in 1994 followed

Oedicerotidae have higher abundances in the heteroge- preoperational trends except for June and July when

neous sand and rock ledge substrate in the nearfield adult Calanusfnmarchicus were absent and again in

area than at Station P7, where the substrate is mainly - December when abundances were much greater than

sand, pre-vious years (Figure 4-11).

Annual geometric mean abundances of adult Calanus

fnmarchicus(Table 4-10) were similar among stations
in the preeggional period (all years). During the l

operational period, abundance was lower at Station
P7 than at the other stations. Although there were no

4-36
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Figure 411. Log (x+1) abundance (no/1000 m8) of Calanusfinmarchicus copepodites and adults
and Carcinus maenar larvae; monthly means and 95% confidence intervals over all ,

preoperational years (1978 1984,1986-1989) and monthly means for the og. der I |

period (1991 1994) and 1994 at intake Station P2. Seabrook Operational Report,1994.
t
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3TABLE 4-10. GEOMETRIC MEAN ABUNDANCE (NoJ1000 m ) AND COEFFICIENT OF VARIATION OF SELECTED
MACROZOOPLANKTON SPECIES AT STATIO 7 7, PS, AND P7 DURING PREOPERATIONAL AND
OPERATIONAL YEARS (1991-1994), AND 1994. se,ABROOK OPERATIONAL REPORT,1994.

PREOPERATIONAL OPERATIONAL 1994

hSPk.CIES/LIFESTAGE STATION MEAN" CV MEAN CV MEAN
(peak period)

Calanusfinmarchicus P2 4,153 6.39 3,984 3.53 3,i16
copepodites P5 5,713 6.99 5,131 3.18 3,936

(January-December) P7 2,594 7.19 2,416 4.96 1,535

Calanusjinmarchicus P2 36 26.52 20 15.88 10

adults PS 26 28.88 26 19.57 10

(January-December) P7 29 28.% i1 23.25 4

Carcinus macnas P2 3,509 6.73 4,256 15.55 63I

$ larvae PS 3,615 12.92 5,%5 12.93 1,051

(June-September) P7 4,251 6.24 3,i18 11.93 973"

Crangon septemspinosa P2 257 3.66 223 8.47 126

zoeae and postlaivae PS 233 6.72 195 11.84 78

(January-December) P7 161 10.42 90 9.90 49

Neomysis americana P2 151 18.94 179 8.57 285
all lifestages P5 45 30.73 54 13.45 100

(January-December) P7 43 22.03 22 19.12 50

' Years sampied:
Preoperational: P2 = 1978-1984,1987-1929

P5 = 1987-1989
P7 = 1982-1984,1987-1989
Mean of annual means

bMean of annual means, 1991-1994
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. significant diferences in mean abundance between the Differences in abundance among stations and between

preoperational and operational periods, or among the operational and y.wgieional periods were not ,

stations, the interacnon term (Proop-Op X Station) was significant when tested by ANOVA (Table 4-11). The j

significant, indicating a potential plant effect (Table interaction term (Preop x Station) was not significant j

4-11). Mean abundance at Station P7 decreased in
indicating no effect due to operanon of Seabrook Stanon ;

'

the operational period while mean abundance iw ;;.d on the larvae of Carcinus maenas.

at Stations P2 and PS (Figure 4-12). However, trends

in the annual mean log (x+1) abundances by year shows ,

that the rank order and direction of change of abundance Crassos setensrpisess ;

fwas consistent for each station each year, regardless ~

of operational status (Figure 4-13). This pattern of Peak mean abundance of the zoea and post larvae [

. similar changes each year among stations is not of the sand shrimp Crangon sepremspinosa during all i

consistent with the pattem that would be expected if gwp.eional years occurred from June through ;

the plant was affecting mean abundance. The September (Figure 4-14). Abundances steadily -|

significant interaction term is probably a result of the decreased to a low in February. Operational mean |
'

accumulation of yearly'small differences in mean abundances were similar to the gwp.4ional period,

abundance bet veen the stanons and should be momtored although September abundances were lower. {

Abundances in 1994 have followed the operational
'

closely in future years.
period pattem except for very low abundances during ;

the wmter months when lower than normal temperatures |

Carchess assemas (Section 2.3.1) may have had an efliset.

I

Green crab, Carcinus maenas larvae (zoca and Annual geometric means of Cnngon septemspinosa

megalopa) during the preoperational years first appeared larvae have been slightly higher at the nearfield stanons

in May, with peak abundances occurring from June than at Station P7 (Table 4-10). The differences in

through September, then steadily declining until the abundance between the nearfield and farfield siteswas

larvae disappear from collections in February (Figure significant (Table 4-11). Mean annual abundance in
;

j 4-11). Operational monthly mean abundances of green 1994 was consulerably lower than in both preoperanonal

! crab larvae were almost identical to preoperational and operational periods, apparently due to very low

abundances. The first occurrence oflarvae and the winter abundances. The anaual geometric mean

onset of the peak abundances in 1994 were delayed abundances showed no significant differences duringi

i one month. Colder than nonnal surface and bottom the operational period. Differences in abundance among

; temp &-s in January through April 1994 (Section stanons have been consistent between operanonal status

2.3.1) may have contributed to this delay, periods (Table 4-11) indicating a brnadeale trend and
| there is no indication of any effect due to operationi

Peak period mean abundances during all preopera- of Seabrook Station on larval populations of Crangon'

j tional years were similar at all stations. Peak period septemspinosa.

|
abundances increased slightly fmm the preoperational

j to the operational period at the nearfield stations and
| ' declined slightly at Station P7 (Table 4-10). Neomysis americans

| Abundances in 1994 at all stations were a fraction of

i preoperational abundances due to the exceptionally Monthly geometric mean abundances of Neomysis i

low abundances in June (Table 4-10; Figure 4-11). americana (all lifestages combined) during the'

:- 4-39
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TABLE 4-11. RESULTS OF ANALYSIS OF VARIANCE COMPARING ABUNDANCES OF SELECTED MACROZOOPLANKTON
SPECIES FROM STATIONS P2, PS, AND P7 DURING PREOPERAT10NAL(1987-1989) AND OPERATIONAL
(1991-1994) PERIODS. SEABROOK OPERATIONAL REPORT,1994.

SPECIES * SOURCE * d.f. MS F MULTIPLE COMPARISONS'

Calanusfinmarchicus Preo Op' I 2.32 1.46NS

Mont [ Year)*p)*
Yea Preop-O 5 1.50 0.14NScopepodites

77 11.10 19.14* "(January-December)
Station 2 3.00 15.31NS
Preop-Op X Station' 2 0.19 1.82NS
Station X Year (Preop-Op)" 10 0.11 0.18NS
Error 403 0.58

Calanusjinmarchicus P Op 1 0.09 0.02NS
Yea Preop-O 5 5.43 0.97NS
Station (Yect) p)

adults
77 6.47 7.3 4 * * *(January-December) Mont

2 3.37 10.19NS
Preop-Op X Station 2 0.33 6.15* P500 PSPr P200 P2Pr P7Pr P70p
Station X Year (Preop-Op) 10 0.05 0.06NS
Error 403 0.86

Carcinus maenas P Op I 0.03 0.01NS
Yea Preop-O 5 3.38 1.44NS
Station (Year) p)

larvae
Mont 21 2.64 3.69" *(June-September)

2 0.36 2.83NS
Preop-Op X Station 2 0.13 0.3 INS
Station X Year (Preop-Op) 10 0.42 0.59NS
Error 126 0.72

Crangon Preo Op 1 0.66 0.32NS
Yea Preop-O 5 2.20 0.25NS
Station (Year) p)

septemspinosa
Mont 88 8.99 29.21* "zoeaeand st larvae

2 5.66 28.66* P2 PS > P7(January- ember)
Preop-On X Station 2 0.20 0.60NS
Station X Year (Preop-Op) 10 0.33 1.07NS
Error 403 0.31

Neomysis americana Preo Op 1 0.34 0.05NS
Yea Preop-O 5 7.81 3.14*
Station (Year) p)

all lifestages
77 2.70 4.70" *(January-December) Mont
2 34.36 18433.00NS

Preop-On X Station 2 0.01 0.0lNS
Station X Year (Preop-Op) 10 0.37 0.65NS
Error 403 0.57

' Based on twice monthly sam ling periods. ' Commercial operation began in August 1990; 1990 data Icfl out of analysis to keep a balanced design

period of time that all three stations were sampled coincidentally.perational (1991-1994) periods, regardless of station;
in the ANOVA procedure. 'I reoperational (1987-1989) versus o 1987-1989 reflects the

' Year nested within preoperational and operational periods, regardless of station.
Month nested within year, regardless of station. ' Station P2 vs. station PS vs. station P7, regardless of year. ' interaction between main elTects.

" interaction of station and year nested within preoperational and operational period.
Not significant (p >0.05)NS =

Si nifica,nt (0.05 2 p >0.01)* =

11 d sigmficant (0.012 p >0.001)" =

ighly significant (0.0012 p)ignificant difTerence in least-squares means (ot s .05).
V*" =

Underlines indicate no si ltanked in decreasing or er.

_. - _ - _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ - _ _ _ _
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Figure 4-12. A comparison among stations of tk. meanlog (x+1) abundance (no./1000 m') of
CalanusfinmarcMeus adults during preoperational(1987-1989) and operational
(1991-1994) periods for the significant interaction term (Preop-Op X Station) of
the ANOVA model. Seabrook Operauonal Report,1994.
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preoperational period were lowest in May and June. by the population dynamics of the copepods Oithona

Abundances generally increased through the summer sp. and pseudocalanus sp. and the production ofearly ,

to a broad peak lasting through fall and winter (Figure lifestages (nauplius larvae) of other cepepods that were |

4-14). Monthly abundances in the operational period present year-round. Seasonally, other taxa such as |

show an additional peak, dominated by immature polychaete lanae, bivalve larvae and tintinnids

mysids, occurring in mid-summer and reduced influenced community structure. Since Seabrook Station |
abundances in March. Abundances in 1994 followed began commercial operation, species composition has

;

the operational pattern. The 1994 monthly mean continued to resemble the historical pattems (Table |

abundance was considerably lower than the preopera- 4-12). Although abundances of some taxa were j

tional confidence interval in May. Abundances. occasionally different between the preoperational and j

exceeded the confidence interval in February, April, operational periods, the differences were consistent |

July, September and November. among the nearfield and farfield stations. Since the i

differences occurred areawide, they were not due to

The average annual abundance in 1994 was somewhat the operation of Seabrook Station. ;

higher than in previous years (Table 4-10). There were j

no significant differences in abtue== among stations
or between the recent preoperational (1987-1989) and Bivalve Larvae |

operational periods and the interaction term (Preop-Op
X Station) was not significant indicating no effect from Varying abundances of Hiatella sp., Mytilus edulis |

operation of the Seabrook Station on the abundance and Anomia squamula defined most seasonal groups |

of Neomysis americana (Table 4-11), identified by the community analysis. The species i

composition during the operational period was generally |
The relative abundance of the individual lifestages similar to previous years acAn ding to numerical classifi-

(Figure 4-14) at Station P2 suggest that Neomysis cation techniques (Table 4-12). One exception was

americana produces two generations per year, similar the occurrence of higher-than-average densities of |

to the life cycle described by Mauchline (1980) and Hiatella sp., which occurred at both nearfield and

observed by Wigley and Bums (1971) on Georges Bank. farfield stations. Community structise, according to

Although small differences in the relative abundance MANOVA results, was significantl, different when"

'

of the non-adult stages are apparent (March and compared to the recent preoperanonal period (1988-89).

October), the same lifecycle appears in both preopera- Despite similar hydrographic conditions, differences

tional and operational periods indicating that Seabrook were not consistent among stations. Two taxa were

Station has not affected the lifecycle of Neomyris responsible for the observed differences Tendo navalis
'

americana. density decreased during the operational period at
Stations P5 and P7, but increased at Station P2.
Densities of Hiatella sp. increased at all three stations,

4.4 DISCUSSION but the increases were more pronounced at Station P2.

These differences are not suspected to be a result of

4.4.1 Community entrainment, because densities increased at the intake

station. Furthermore, other taxa abundant during the

Microxooolankton same time period (e.g., Mya truncata, Mytilus edulis)-

did not show a similar pattem.

Seasonal pattems of the natural assemblage of
microzooplankton have historically been dominated*
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TABLE 4-12. SUMMARY OF POTENTIAL EFFECTS (BASED ON NUMERICAL
CLASSIFICATION AND MANOVA RESULTS) OF
OPERATION OF SEABROOK STATION INTAKE ON THE
INDIGENOUS ZOOPLANKTON COMMUNITIES.
SEABROOK OPERATIONAL REPORT,1994.

DIFFERENCES BETWEEN

OPERATIONAL OPERATIONAL AND

PERIOD SIMILAR TO PREOPERATIONAL

COMMUNITY ATTRIBUTE PREOPERATIONAL PERIODS CONSISTENT

PERIOD? AMONG STATIONS?

MICROZOOPLANKTON
a

Community Structure yes yes

D
Abundances no, variable among taxa yes

BIVALVE LARVAE a
Community structure yes, with one exception yes

C
Abundances Op> Preop yes

P2 Op>> PreopHiatella sp. no
PS, P7 Op> Preop

Teredo navalis no P2 Op>Picop
P5, P7 Op< Preop

MACROZOOPLANKTON
Holo /meroplankton

Seasonal occurrence yes, except for winter yes

1993,1994a

b
Abundances Op> Preop ,c ye,

Tychoplankton
Seasonal occurnnce yes yes

e
Abundances Op> Preop yes

abased on results of numerical classification
bBased on comparisons of group mean abundances

CBased on MANOVA results
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Estralament 1993 abundances, which contributed to lower
entrainment levels.

The focus of monitoring plankton in the intake area
was to evaluate the effect of entrainment oforganisms

by the circulating water synem on community aructure Holo- and Meroplanktonic Mwezeeplenkton

and population levels in the nearfield ' area. Due to
the limited control of their horizontal movements and The holo and meroplanktonic component of the

often broad vertical distribution in the water column, macrozooplankton community in the study area was |

most types of planktonic organisms could be exposed similar to the other portions of the Gulf of Maine
'

to entrainment. Estimates of total monthly levels of- (Shennan 1966). In the study area, copepods

entrainment were computed (Figure 4-8) to quantify predominate. The dominant species in the study area, ;

losses of bivalve larvae. Community structure and Calanurfinmarchicus, Centropages typicus, Pseudo- ;

abundances of selected species in the nearfield area calanus sp.and Temoralongicornis were the dominant

during commercial operation were compared to wp+eds in the Gulf of Mame and nearby Scouan Shelf

historical conditions and to farfield conditionsJ These and Georges Bank, occurring in a seasonal pattem

comparisons addressed the question of whether the similar to the study area (Anderson 1990, Kane 1993,
,

balanced, indigenous planktonic populations within Samooto and Herman 1992, Tremblay and Roff 1983).

the study area have been affected by the plant intake The seasonal occurrence of the other groups was also

during the commercial operation to date. similar to other observations in the Gulf of Maine

(Sherman 1966).

Although Seabrook Station operated its circulating
water system at varying levels since 1985, no power The seasonal change in the holo- and meroplankton

or heated discharge were produced until August of community composition at both nearfield and farfield

1990. Entramment collections provide a measure of stations was consistent during the past nine years.

the actual number of organisms directly affected by Consistent seasonal changes were observed at Station
,

plant entrainment. No entrainment samples were F2 (neadield) from 1978 through 1984 and from 1986

collected in 1994 due to planned plant outages ar d through 1990 (NAI 1991b). ;

! equipment malfunction. Three taxa, Myrilus edulas
>

(blue mussel), Anomia squamula and Hiatella sp., In the scent preoperational and operanonal periods,'

accounted for more than 85% of the bivalve larvae community composmon exhibited the greatest variation

entrained each year (Figure 4-8). Modiolus modiolus among years durmg the period February through April.
,

was interminently entramed durmg 1990 and 1991 (NAI This period corresponds to the lowest annual'

| 1991b, NAI 1992) and was common in entrainment temperatures and the period of greatest variability in :

; samples in August and September 1993. Monthly salinity in the study area (Section 2.3.1). The
#

entrainment of all taxa was less in 1991 and 1992 in community variation in February through April is

comparison to 1990 and 1993 (Figure 4-8). Reduced probably due to combined regional water temperature ;
.

CWS flows during outage periods in summer when and salinity effects. Winter water temperatures may ;

j larvae typically reach their peak abundance levels in be a controlling vanable in the composition of the holo.

. local coastal waters led to reduced entrainment in 1991 and meroplankton communities. Winter water*

and 1992. Furthermore, abundances ofM edulir larvae temperatures approach threshold limits for some species'
,

observed in local coastal waters (P2, PS, P7) in 1991 and small differences from year to year may have i

and 1992 were reduced when compared to 1990 and significant effects on community composition during |

this period. The occunence of Centropages typicus ;'

:
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has been associated with surface water temperatures significant station tenn and insignificant interaction |

of 2.2 to 26.6 *C (Grant 1988). Water temperatures term). Specific differences were not clearcut. Only |

in 1993 and 1994 fell below 2.2 *C for an extended
six of the 50 taxa examined exhibited significant station !

differences. Differences may be related to water quality ;
period (Section 2.3.1). These lower than normal water

temperatures may have reduced the population of C.
characteristics, as temperature has been higher in the ,

'

typicur, resulting in the occurrence of an anomalous
neadield (P2 and P5)(Section 2.0). He proximity

group that was characterized by its usual co dominants.
of Stations P2 and P5 to Hampton estuary may partially

Studies have shown both the timing and the magnitude account for water quality patterns.

of the spring copepod bloom may be related to water

temperature. In the presence of high phytoplankton-
abundance, cold water temperatures can delay the Tvche n==tr'aele Mase_ 9-IN=

initiation of egg production and reduce the quantity

of eggs produced by Calanus/mmarchicus (Plourde ne tychoplanktome community, composed of species

and Runge 1988). Low temperatures can also reduce
that inhabit both the substrate and the water column, |

growth rates and delay the development of larger exhibited greater spatial variability than the holo- and |

cyp ~Iites (Anderson 1990). Salinity during the spring meroplanktonic community. Excursions into the

bloom may also have accounted for some of the plankton can be related to such factors as light, lunar

variability in community composition. High variability cycle, storm events, reproduction and nonspecific

in salinity among years can be caused by meteorologx:al aggregation (Mauchline 1980). These factors can ;

events. Storms can increase run-off and reduce salinity influence apparent abundance dramatically. j

and can also cause mixing between lower salinity |

coastal water masses and shelf water masses.
Seasonal changes in species composition were similar |

i

between preoperational and operational years, except

ne sbundance ofholo- and meroplankton was higher December 1990 and January 1991. Very low abun-
I

during the operational period than the recent (1987- dances of a few taxa separated this period from all other
I

1989) preoperanonal years. Six taxa expenenced order collections. '

of magnitude changes from the preoperational to the
operational periods. Interannual variations of orders Substrate differences between nearfield and farfield i

:

l of magnitude are common among g-$-s on Georges sites may be responsible for differences in tychoplank- |

| Bank (Kane 1993). Jossi and Goulet (1993) suggested ton abundance between the sites. Tychoplankton species |

I that there has been a possible general increase in such as mysids (Wigley and Bums 1971; Pezzak and !

copepod abundance from 1961 through 1989 for the Corey 1979; Mauer and Wigley 1982), amphipods

entire Gulf of Maine. Calanusfinmarchicus increased (Bousfield 1973) and cumaceans(Watling 1979) have
;

in abundance in all regions except the extreme western substrate preferences. A relatively homogeneous

| portion of the Gulf of Maine, which includes coastal substrae of sand exists at the farfield area. Rock ledges

! New Hampshire. are few and generally not near the farfield station.
In contrast, the nearfield substrate is heterogeneous.

Although holo and meroplanktonic community Station P2 is sand and hard sand with numerous nearby

structure was qualitatively similar among Stations P2, rock ledges. Station P5 is sand and rock ledge with

| PS, and P7, quantitative examination of abundances considerable amounts of algae. The heterogeneous

indicated that spatial differences occurred, and that these nature of the nearfield stations may have increased the

' differences persisted from preopershonal through opera- abundance of vanous tychoplankton by supplying more
.

i

tional periods (as evidenced by the MANOVA's diverse habitat. Many amphipods such as Pontogencia
;

,
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inemus are associated with submerged plants and algae. Bivalve Larvae

Higher concentrations of macroalgae in the nearfield
area may provide additional habitat for some amphipods Umboned larvae of Myrilus edulis have been

and increase their abundance. Differences in generally present in the water column during all months

tychoplankton abundance between the nearfield and sampled, but were most abundant from June through

farfield areas may be due to differences in habitat and August. Their protracted presence was probably due

not to the operation of Seabrook Station. to spawning pattems and the duration of larvae life.
In long Island Sound, spawnmg occurred over a two to-

While both temporal and spatial differences have three month period and was asynchronous among local

been observed b various components of the macrozoo. populations (Fell and Balsamo 1985). Larval

plankton community, these differences have been development requires three to five weeks (Bayne 1976),

consistent. Although =6viar= of a number of species and metamorphosis can be delayed up to 40 days until

have differed between the preoperational and operational suitable settling conditions are encountered (Bayne

periods, similar changes have occurred at nearfield and 1965). The seasonal pattem of M edulis larvae in the

farfield locations. Other species, partic'ularly operationalperiodwassimilartorecenty.+ ional

tychopl=ba have exhibited spatial pattems that have years. Average abundances of M edulis larvae were

been consistent from preoperational to operational not signi&=*1y different during the operational penod

periods. The long-term consistency in distribution at each of the three stations (Table 4-13).

indicates that operation of Seabrook Station's cooling

water system has not affected the macrozooplankton

community. Macruzooplanktos

There has essentially been no change in the
abundances or ==manli y of most of the macrozoo-t4.4.2 Selected Species

plankton selected species. With the exception of

Microzooplankton Calanusfnmarchicus adults, average abundances of
all selected species during the operational period were

Pattems of seasonal variation recorded during not significantly different from the recent preoperational

operational years (1991-1994) for the selected period (Table 4-13). One species, Crangon septem-

microzooplankton species were similar to patteras spinosa, showed sagnificantnearfield-farfield differences

observed during the preoperational period at nearfield between both the preoperational and operational penods.

Station P2 (Figures 4-3, 4-4) for all individual taxa Abundances have remained stable over time, and the

except Eurytemora sp. ceg-ep-:-iites, which have failed relationship of abundances between the three stations

to show a mid-summer peak in abundance in the has also remained unchanged. Differences in the

operational period. ANOVAs detected significantly abundance of Calanusfinmarchicus adults between
lower operational mean densities for only Pseudo- the recent preoperational and operational periods were

. calanus/Calanus sp. nauplii. In no case, however was not consistent among stations and warrant close

the interaction (Proop-Op X Area) term significant, monitoring in the future. Comparison of the annual

indicating that the operational differences were observed means showed the differences to be slight.

at both nearfield and farfield stations and therefore
could not be attributed to a plant effect (Table 4-13).
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TABLE 4-I3. SUMMARY OF POTENTIAL EFFECTS (BASED ON ANOVA RESULTS) OF
OPERATION OF SFABROOK STATION INTAKE ON ABUNDANCES OF
SELECTED INDIGENOUS ZOOPLANKTON SPECIES.
SEABROOK OPERATIONAL REPORT,1994.

,

DIFFERENCES BETWEEN
OPERATIONAL OPERATIONAL AND

PLANKTON PERIOD SIMILAR TO PREOPERATIONAL PERIODS

SELECTED SPECIES PREOPERATIONALa CONSISTENT AMONG

AND LIFESTAGES PERIOD 7 STATIONS?
.

MICROZOOPLANKTON
Eurytemora sp. copepodites yes yes

E. herdmani adults yes yes

Pseudocalanus/Calanus nauplii Op< Preop yes

Pseudocalanus sp. copepodites yes yes

adults yes yes

Oithona sp. nauplii yes yes

copepodites yes yes
-

adults yes yes

BIVALVE LARVAE
Mytilus edulis larvae yes yes

MACROZOOPLANKTON
Calanusjinmarchicus

copepodites yes yes

adults yes P50p>P70p
P5 Preop =P7 Preop

Crangon septemspinosa larvae yes yes

Carcinus maenas larvae yes yes

Neomysis americana yes yes

recent preoperational years: 1982-1984 for microzooplankton, 1988-1989 for bivalve larvae and 1987-1989 for |a
'

macrozooplankton .f

1

!
!
1

I
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APPENDIX TABLE 4-1. LIST OF ZOOPLANKTON TAXA CITED IN THIS REPORT.
SEABROOK OPERATIONAL REPORT,1993.

Protozoa
Foraminiferida
Tintinnidae

Rotifera

Mollusca
Bivalvia

Anomia squamula Linnaeus
Hiatella Bose 1801
Macoma balthica Linnaeus 1758
Modiolus modiolus Linnaeus 1758
Mya arenaria Linnaeus 1758
Mya truncata Linnaeus 1758
Mytilus edulis Linnaeus 1758
Placopecten magellanicar (Gmelin 1791)
Solenidae
Spisula solidissima(Dillwyn 1817)
Teredo navalis Linnaeus 1758

Polychaeta

Arthropoda
Branchiopoda

Evadne Lovsn
Copepoda

Acartia Dana 1846
Anomalocera opalus Penell 1976

Calanusfinmarchicus (Gunnerus 1765)
Caligus MGiler 1785
Candacia armata (Boeck 1872)
Centropages hamatus (Lilljeborg 1853)
Centropages Kreyer 1849
Centropages typicus Kreyer 1849
Euchaeta Philippi 1843
Eurytemora herdmani Thompson and Scott 1897
Eurytemora Giesbrecht 1881
Harpacticoida
Microsetella norvegica (Boeck)
Monstrillidae
Oithona Baird 1843
Oithona similis Claus 1866
Pseudocalanus Boeck 1872
Rhincalanus'nasutus Giesbrecht 1892
Temora longicornis (MGlier 1785)
Tortanus discaudatus (Thompson and Scott 1897)
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Cirripedia

Malacostraca
Mysidacea j

Erythrops erythrophthalma (G6es 1864)
Mysis mixta (Lilljeborg 1852)
Mysis stenolepis S.I. Smith
Neomysis americana (S.I. Smith 1873) e

i
Cumacea

,

Diastylis Say
Amphipoda

Hyperiidae
Ischyrocerus anguipes Kreyer 1838
Oedicerotidae
Pontogeneia inermis (Kreyer 1842)

Decapoda
Cancer Linnaeus
Carcinus naenas (Linnaeus 1758)
Crangon septemspinosa Say 1818
Eualus pusiolus(Kreyer 1841)
Eualus Thallwitz 1892
Lebbeus White 1847
Hippolytidae
Spirontocaris Bate 1888

Chaetognatha
Sagitta elegans Verrill 1873

Chordata
Larvacca (previous to 1994, identified as Oikopleura Mertens)

1,

|

!
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SUMMARY
<

:

<
Fish of the Hampton-Seabrook area have been sampled since 1975 to assess potential

impacts associated with the construction and operatict of Seabrook Station on local fish;

assemblages. Effects include the entrainment of fish eggs and larvae and the impingement of

| juvenile and idult fish at the station intake; entrainment of fish eggs and larvae into and the
i avoidance by large fish of the offshore discharge thermal plume; and effects related to the

discharge of the plant settling basin into the Browns River within the Hampton-Seabrook estu-:

ary. The spatial and temporal abundance of specific fish assemblages were examined along
;

with various life stages of eleven selected fish taxa. Preoperational and operational
|

abundances were compared using multivanate analysis methods for ichthyoplankton assem-
blages and analysis of variance (ANOVA) for larval, juvenile, and adult stages of the selected<

taxa. The sampling scheme used to collect data for the ANOVA was designed to meet the
Before After/ Control-Impact analysis criteria. Although a number of significant differences
were found in the abundance of several species between the preoperational and operational,

>

periods, nearly all of these differences can be attributed to large-scale, regional decreases in
abundance, particularly for commercially important fishes. Bree potential effects were found'

that could possibly be related to plant operation. These were decreases in rainbow smelt and
winter flounder CPUE in the trawl, and an increase in American sand lance larval densities.

j
In October 1994, Seabrook Station identified the fact that it had not accurately counted the

:

,

number of small fish impinged on Seabrook Station's travelling screens prior to the fourth

| quarter of 1994. Small fish, concealed in screen wash debris had been overlooked by plant
; personnel responsible for separatmg fish from debris. Therefore, impingement data prior to

the fourth quarter of 1994 cannot be considered to be as reliable as data after this timeframe.

I ne impingement monitoring picy L was enhanced in the fourth quarter of 1994 to separate
,

; all readily visible fish from seaweed and beginning in 1995 biologists began to conduct the
weekly impingement evaluation. In comparison to other New England power plants with;

|
marine intakes, Seabrook Station entrains relatively few fish eggs and larvae and impinges
fewer juvenile and adult fish. Because the settling basin no longer is discharged into the1-

Browns River, this effluent has been eliminated as a potential source of impact. Based on the ;
!

small numbers of individuals directly removed by station operation, the general lack of;

!-

|
significant differences found between the nearfield and farfield stations, and the large source
populations of potentially affected fishes in the Gulf of Maine, the operation of Seabrook i

!
<

Station does not appear to have affected the balanced indigenous populations of fish in thej

|
Hampton Seabrook area.

I
j

;
t

i
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5.0 - FISH (1991) and common names are used throughout this

report.

5.1 INTRODUCTION

Finfish studies at Seabrook Station began in July 5.2 METHODS
1975 and have included investigations of all life stages

of fish, including ichthyoplankton (eggs and larvae), 5.2.1 Ichthvoolankton

juveniles, and adults. The initial objectives of these
studies were to determine the seasonal, annual, and 5.2.1.1 Offshore Samoline

spatial trends in abundance and distribution of fish in . ;

the nearshore waters off Hampton and Seabrook, NH, Ichthyoplankton sampling for Seabrook Station has

to establish baseline data suitable for assessing the been conducted since July 1975. Several modifications

effects of future plant operation. In addition, the to the sampling methodology and collection frequencies

- nearshore fish populations in the Hampton-Seabrook were made as the nature of the ichthyoplankton
'

estuary were examined to determine if there was any community and its natural variability became better

measurable effect due to the construction of Seabrook understood (NAI 1993). Station P2 (nearfield site for

Station and the discharge from the onsite settling basin the Seabrook intakes)la . i)een sampled consistently

into the Browns River. The station began commercial since the start of the program (Figure 5-1). Station ;

operation in August 1990. Potentialimpacts of plant PS (nearfield site for the Seabrook discharge) was
,

operation on local fishes include entrainment of eggs sampled from July 1975 through December 1981 and

and larvae through the condenser cooling water system from July 1986 through December 1994. Station P7

and impingement of larger specimens on traveling (farfield station located about 7.km north of the
screenswithinthecirculatingwaterpumphouse. Also, nearfield stations), representing a non-impacted or

local distribution of fishes could be affected by the control site, was sampled from January 1982 through

thermal plume, and some eggs and larvae could be December 1984 and from January 1986 through

subjected to thennal shock due to plume entrainment December 1994. Through June 1976, collections were ;

following the discharge of condenser cooling water taken monthly at each station sampled. Subsequently,

from the diffuser system. a second monthly sampling period was added in
February through August and in December. Begmning .

At present, the main objective of the finfish studies in January 1979, all months were sampled twice.

at Seabrook Station is to assess whether power plant Starting in March 1983, sample collecuon was increased

operation since 1990 has had any measurable effect to the current frequency of four times per month at

on the nearshore fish p= Mms. 'Ihe following repoit each station sampled.

first presents general information on each finfish
collection program and then provides more detailed On each sampling date and at each station, four

analyses for those fish species selected because of their samples were collected at night from July 1975 through

dominance in the Hampton and Seabrook aria or their December 1993. In 1994, four tows per station were

commercial or recreational importance. A list of all collected on the first and third sampling periods each

taxa and their relative abundance in collections from month and two tows were collected on the second and

July 1975 through December 1994 by various fourth periods. Oblique tows were made using paired

ichthyoplankton and adult finfish sampling programs 1-m diameter,0.505-mm mesh nets. Each net, weighted

are given in Appendix Table 51. Both the common with an 8-kg depressor, was set off the stem and towed

and scientific names in that table follow Robins et al. for 10 min while varying the boat speed, with the nets

5-1
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Figure 5-1. Ichthyoplankton and adult fish sampling stations. Seabrook Operational Report,1994.
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sinking to approximately 2 m off the bottom and rising deficiencies have been addressed by reassigning the*

obliquely to the surface at least twice during the tow. responsibility for entrainment sampling to the Seabrook
' A standard 10-min tow was occasionally reduced to Station Regulatory Compliance Department, the i

a 5 min tow to minimize net clogging due to high organization that provides oversight of the off-site

plankton density. The volume filtered, calculated using environmental monitoring program.
-

data from a calibrated General Oceanics' flowmeter
mounted in each net mouth, averaged approximately Simultaneous replicate samples were taken using :'

500 m' for 10-min tows and approximately 250 m' three double-barrel collection devices. In each, a 0.505-

for 5-min tows. Upon retrieval, each net was washed mm mesh plankton net was suspended in a 30-gal drum
;

down from mouth to codend and the contents preserved - which, in turn, was suspended within a 55-gal drum.

in 5% formalin buffered with borax.
Water diverted from the cooling water system entered ,

each 55-gal drum from the bottom, overflowed into^

the 30-gal drum, passed through the plankton net, and

~5.2.1.2 Entrainment was discharged through the bottom of both drums.
The water supply was adjusted to maintain approximate- |,

Ichthyoplankton entrammentsampling was sn4n1.4 ly 8 to 15 cm of water above the plankton nets at all

up to four times a month by NAESCO personnel within 6=. Following sampling, water was drained from

the circulating water pumphouse on-site at Seabrook the system and the contents of each net consolidated,"

Station from July 1986 through June 1987 and June and preserved with 5% buffered formalin. The volume

1990 through December 1994. Sampling dates filtered was measured with an in line flowmeter and

coincided with offshore ichthyoplankton sampling averaged approximately 100 m' per replicate. Monthly

whenever possible. Three replicate samples were entrainment estimates were determined by calculating
,

collected during the day on each sampling date. The the arithmetic mean density for each sampling week,t

entrainment data discussed in this report are only those multiplying the mean density by the number days in

for the operational period of 1990-94. the sampling week, and by the average daily condenser

cooling water volume for the menth. These weekly

Seabrook Station's third Refueling Outage took place estimates were summed for a monthly estimate. No

between April 9,1994 and July 31,1994. Consistent entrainment estimates were made for the periods of

with previous outages, ichthyoplankton and bivalve August through November 1991, September through

larvae entrainment samples were not taken during the November 1992, or 9 April through 15 September 1994,

outage when there is insufficient circulating water flow for the reasons discussed above.

to operate the entrainment sampling equipment.
Refurbishment of the entramment sampling equipment

was not completed during the outage as originally 5.2.1.3 Laboratorv Mahnda
scheduled and as a result on-site entrainment sampling ;

was not resumed until mid September when the Prior to March 1983, a4 four offshore ichthyoplank- j

equipment was returned to service. However, when ton samples per date and ;tation were analyzed, except
'

ichthyoplankton sampling was resumed, bivalve larvae from January through December 1982, when only one

sampling was not resumed. As a result of the outage sample per date and station v i s completely analyzed;

which began in April and the failure to resume bivalve only selected taxa were eu ated from the remaining

entrainment sampling in September, no bivalve larvae three samples. Beginning in March 1983, only two

samples weit taken in 1994 during the April to October of the four offshore samples (one from each pair,

rampling period. These on-site entrainment sampling Section 5.2.1.1) were analyzed from each station for

5-3
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each sampling date; the remaining two were held as to the isobath (Figure 5-1). All nets were attached

contingency samples. Starting in January 1994, only between permanent moorings and tended daily by

one of the two duplicate tows was analyzed per date SCUBA divers. Fish collected were identified to their

and station, with the remaining held as a contingency lowest practical taxon (usually species), and measured

sample. to the nearest 2 cm. |
i

Samples were subsampled with a Folsom plankton

splitter and sorted for fish eggs and larvae using a 5.2.2.2 Demesal Fishes

dissecting microscope. Successive aliquots were
analyzed until a minimum of 200 eggs and 100 larvae .- The inshore demersal Ssh assemblage was sampled

were sorted or until 200-400 mL settled plankton monthly beginning in July 1975 by otter trawl at night J

volume was sorted. All eggs and larvae were identified at one nearfield station, T2, and two farfield stations, !

to the lowest practical taxon (usually species) and T1 and T3 (Figure 5-1; Table 5-1). Four replicate tows I

counted. In some instances when eggs were difficult were made at each station once per month. Beginning

to identify to species due to their stage of development, in January 1985, sampling frequency was increased

they were grouped with eggs of similar appearance to twice per month and the number of replicate tows

(e.g., cunner, tautog, and yellowtail flounder were was reduced to two. Sampling was conducted with i

grouped as cunner /yellowtail flounder eggs; Atlantic a 9.8-m shrimp otter trawl (3.8-cm nylon stretch mesh

cod, haddock, and witch flounder as Atlantic body; 3.2-cm stretch mesh trawl bag; 1.3-cm stretch

cod / haddock; and hake species and fourbeard rockling mesh codend liner). The net was towed at approximate- |

as fourbeard rockling/ hake). The notochord lengths ly 1 m seed for 10 min, with successive tows sken |

of at least 20 larvae per sample (if present) were in opposite directions. The volume of drift algae caught

measured to the nearest 0.5 mm for selected taxa, which in the trawl was also recorded. It was not always |

included Atlantic herring, Atlantic cod, pollock, hakes, possible to collect samples at station T2, particularly |

cunner, Atlantic mackerel, American sand lance, winter from August through October, due to the presence of

flounder, and yellowtail flounder. Entramment samples commercial lobster gear; the frequency of missed I

were processed in a similar manner. samples has increased since 1983. Fish collected were
identified to their lowest practical taxon (usually
species), and measured to the nearest 2 cm.

5.2.2 Aduit Fish

5.2.2.1 Pelanie Fisbes 5.2.2.3 Estuarine Fishes

Beginning in July 1975, gill net arrays were set for Seine samples were taken monthly from April to

two consecutive 24-h periods twice each month at November at stations S 1, S2, and S3, beginning in July

stations G l (farfield), G2 (nearfield), and G3 (farfield) 1975 (Figure 5-1; Table 5-1). No samples were

to sample the pelagic fish assemblage (Figure 5-1; Table collected in 1985 or from April through June of 1986.

5-1). Starting in July 1986, sampling was reduced to Duplicate daytime hauls were taken into the tidal current

once per month. Nets were 30.5 m x 3.7 m and at each station with a 30.5 m x 2.4 m bag seine. The

comprised four panels having stretch mesh dimensions nylon bag was 4.3 m x 2.4 m with 1.4-cm stretch mesh,

of 2.5 cm, 5.1 cm,10.2 cm, and 15.2 cm. One net and each wing was 13.1 m x 2.4 m with 2.5-cm stretch

array consisting of surface and near-bottom nets was mesh. Fish collected were identified to their lowest
set at each station. All nets were set perpendicular

5-4
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TABLE 5-I. DESCRIPTION OF FINFISH SAMPLING STATIONS.
SEABROOK OPERATIONAL REPORT,1994.

STATION DEPTH BOTTOM TYPE REMARKS

BEACH SEINE

S1 0-2 m sand Affected by tidal currents; approximately 300 m
upriver from Hampton Beach Marina

S2 0-1 m sand Affected by tidal currents; approximately 200 m
upstream from the mouth of the Browns River

S3 0-3 m sand Affected by tidal currents; located in Seabrook
Harbor, approximately 300 m from Hampton Harbor
Bridge

GILL NET

G1 20 m sand Scawwd of rocky outcropping off Seabrook,
approximately 2 km south of the discharge

G2 17 m sand Seaward ofInner Sunk Rocks, approximately 250
m southwest of the discharge

G3 17 m rock, cobble Offshore from Great Boars Head, approximately
2.5 km north of the discharge

OTTER TRAWL

Tl 20 28 m sand Transect begins 0.5 miles southeast of
Breaking Rocks Nun, 150-200 m from
submerged rock outcroppings, approximately
4 km south of the discharge

T2 15-17 m sand; drift algae 100 m from Inner Sunk Rocks, approximately
with shell debris 1 km south of the discharge;

scoured by tidal currents with large quantities
of drift algae

T3 22-30 m sand; littered Located off Great Boars Head, approximately
with shell debris 4 km north of the discharge;

just seaward of a cobble area (rocks 15-50 cm
in diameter)
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practical taxon (usually species), and measured to the the operational period were grouped differently bythe

! nearest 2 cm. analysis than were the preoperational samples.

Multivariate analysis of vanance (MANOVA: Harris

5.2.2.4 Imolamement 1985) was used to indicate whether fish egg and larval

assemblages had differed significantly (p < 0.05) |

Fish impinged at Seabrook Station were collected between preoperational and operational periods. '

by NAESCO personnel after being washed from the Logn(x+1) transformed sample densities (number per

0.375-in mesh traveling screens within the circulating 1000 m') were used. The analy:;is was restricted to j

water pumphouse. Traveling screens were generally . collections from July 1986 through December 1994,

washed weekly (R. Sher, NAESCO, pers. comm.) and the common period of sampling at stations P2, PS, and

impinged fish were sluiced into a collection basket. P7, and the taxa included were the same as those

Fish from weekly collections were sewed from analyzed by numerical classification. The data used

debris, placed in dated plastic bags, and frozen. On were the mean of logw(x+1) sample densities for

a periodic basis, samples were thawed, identified to individual sampling dates and stations. The model

species, and counted by NAESCO personnel. design was a three-way factorial with nested effects.

Impingement collections were noted as total counts ne main effects were period (preoperational and

per species by month. In addition, the number of fish operational), station, and month; interactions among |

impinged per billion gallons of cooling water was these main effects were included in the model. The (
calculated. nested effect was years within period. Type III sums !

of squares and tests of hypothesis were used for the

analyses and the rationale for their use was the same

5.2.3 Analvtical Methods as that used for analysis of variance, discussed below. t

ne Wilks' lambda statistic (Wilks 1932; Morrison i

Ichthyoplankton assemblages were investigated 1976) was used to determine if the tar.a assemblages !

using multivariate numerical classification methods in the preoperational and operational periods were |
to determine whether species composition changed significantly different. Forthe purpose ofpower plant ;

between the preoperational period (July 1990 and impact assessment, sources of variation of primary

earlier) and the operational period (August 1990 and concem were the penod (preoperational or operanonal) i

later). The Bray-Curtis similarity index (Clifford and and the period by station interaction. {
!Stephenson 1975) was used with the unweighted pair-

group clustering method (Sneath and Sokal 1973). Of the 76 taxa recorded over the years,11 were :
'

Logm(x+1) transformed sample densities (number per selected for detailed analyses of abundance and

1000 m') of eggs and larvae were analyzed separately. distribution and for an assessment of impact by ,

ne data sets were reduced by averaging dates within Seabrook Station (Table 5-2). Dese species were

month (transformed data); including only the more numerically dominant in one or more sampling
abundant taxa; and limiting the analysis to data collected programs, are important members of the finfish fauna !

since July 1986, when all three stations of concem (P2, of the Gulf of Maine, and most have recreational or I
'

PS, and P7) were sampled. Rare taxa were excluded commercial importance. Other species predominant

on the basis of percent-composition (less than 0.1% in various sampling programs were noted when they I

of the untransformed data) or frequency ofoccurrerce occurred. The selected taxa, listed in Table 5-2 by :

in samples (less than 5%). The resulting dendrogram sampling program, were individually evaluated for |
were evaluated on the basis of whether samples from temporal and spatial changes in abundance between !

1
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TABLE 5-2. SELECTED FINFISHES AND SAMPLING PROGRAMS THAT CONTRIBUTED
ABUNDANCE DATA FOR SPECIES-SPECIFIC ANALYSES. SEABROOK :

|OPERATIONAL REPORT,1994.
1

1

I

i

SELECTED SPECIES PREDOMINANT SAMPLING PROGRAMS

Atlantic herring ichthyoplankton, gill net

Rainbow smelt ouer trawl, beach seine

Atlantic cod ichthyoplankton, otter trawl

Pollock ichthyoplankton, gill net

Hakes ichthyoplankton, otter trawl

Atlantic silverside beach seine

Cunner ichthyoplarakton

American sand lance ichthyoplankton
+

Atlantic mackerel ichthyoplankton, gill net

Winter flounder ichthyoplankton, otter trawl, beach sein.

Yellowtail flounder ichthyoplankton, otter trawl

|

\

the y.wp.4ional and operational periods. Geometric primary occurrence; when tnmmed data were used,

means were compared among the preoperational, it is noted in the text, figure, or table. |

operational, and 1994 periods for each station and all

stations combined to examine for trends in annual A mixed model ANOVA developed by Northean |
abundance. Geometric means were computed by Utilities, based on recent reviews by Underwood (1994) ;

logdx+1) transfonnation of individual sample and Stewan-Oaten et al. (1986), was used to test the

abundance indices, which were number per 1000 m' null hypothesis that spatial and temporal abundances

for ichthyoplankton, andcatch-per-unit-effott (CPUE) during the proog.gional and operational periodswere

forjuvenile and adult fish. CPUE was defined as the not significantly (p > 0.05) different. All effects were

number per 24-h set for the gill net, number per 10-min considered random, except operational status (Preop-

tow for the trawl, and number per standard haul for Op). Time and location of sampling were considered

the seine. A transformed mean was calculated for each random because both sampling dates and selected

year and for combined years (e.g., preoperational and locations represented only a fraction of allthe possible |

operanonal periods). The coefficients of vanaten (CV) times and locations (Underwood 1994). The data

of the mean of annual means (Sokal and Rohlf 1981) collected for the ANOVAs met the cruena of a Before-

in the logarithmic scale were also computed. The After/ Control-Impact (BACI) sampling design die,=d

annual and combined geometric means are presented by Stewart-Osten et. al. (1986), where sampling was

as back-transformed values. Some life stages are conducted prior to and during plant operation and

seasonal. so the data used to compute the geometric sampling station lorations included both potentially

means for some species were restricted to periods of impacted and non-impacted sites. The ANOVA was

5-7
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a two-way factorial with nested effects that provided samples were logw(CPUE + 1) transformed for each

a direct test for the temporal-by-spatial interaction. individual collection. For larvae the transformed mean ;

The main effects were period (Preop-Op) and station density of replicate samples was used for data up
'

(Station); the interaction term (Preop-Op X Station) through 1993 (no replicates were collected in 1994).

was also included in the model. Nested temporal effects

were years within operational period (Year (Preop-Op)) '

and months within year (Month (Year)), which were 5.3 RESULTS AND DISCUSSION
|added to reduce the unexplained variance, and thus,

increased the sensitivity of the F-test. For both nested 5.3.1 Ichthyoplaakten Assemblages
'

terms, vananon was partitioned without regard to station

(stations combined). An additional term (Station X .The analyses for the ichthyoplankton program ;

Year (Preop-Op)) was added to provide the proper mean- focused on seasonal assemblages of both eggs and ,

square for testing the significance of the Preop-Op X larvae, as well as on larvae ofindividual selected taxa :
'

Station term, which may signify a possible plant impact. (Table 5-2). Selected taxa are discussed in Section
i

The final variance not accounted for by the 'above 5.3.3, in relation tojuvenile and adult stages collected

explicit sources ofvariation constituted the Error term. in other sampling programs. In the assemblage
analyses, additional taxa were included to better

For assessing Seabrook Station effects using the represent the ichthyoplankton community in the
above ANOVA model, the sources of variation of Hampton-Seabrook area.

primary concem were the Preop-Op main effect and
the Proop-Op X Station interaction. However, a
significant Proop-Op term would not imply power plant 5.3.1.1 Offshore Samples

effect unless the Proop-Op X Station interaction was

also significant (Thomas 1977; Green 1979; Stewart- The seasonal assemblages of ichthyoplankton were

Osten et al.1986). Even in the latter case, the examined using multivariate numerical classification

interaction would have to be further er.amined to (cluster analysis). These analyses were conducted to

determine if the significance was the result of determine if the operation of Seabrook Station had

differences between potentially impacted and non- altered either the seasonal occurrence or the spatial

impacted stations. distribution of fish eggs and larvae in the Hampton-
S,_ ,mk area. Evaluanon of spanal patterns compared

The 1990 sampling year was classified as either the distribution ofichthyoplankton among intake (P2),

p+.eional, operational, or was er.cluded from the discharge (PS), and farfield (P7) stations before and

analysis for a species, depending on seasonal pattern after Seabrook Station operation. Typically, ichthyo-

of occur.ence'of each species or times of sample plankton taxa occur during disunct seasons and periods

collection (Appendix Table 5-4), and is noted as such of frequent occunence, which are relatively consistent

on the ANOVA tables. For larvae, the data were from year to year. The data examined were collected j

restricted to the period July 1986 through December from July 1986 through December 1994, when all three !

1994, and for selected taxa collected by gill net, trawl, stations (P2, PS, and P7) were sampled. The |

and seine, the data used were from July 1975 through preoperational period extended through July 19?0 and

December 1994. For trawl data, the months of August the operational period began in August 1990. Several

through October were excluded from the ANOVA of the egg taxa were grouped, because during early ;
'

because of reduced sampling effort at station T2. The developmental stages it was difficult to distinguish

data used in the analyses of gill net, trawl, and seine among some species (e.g. Atlantic cod. haddock, and
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witch flounder; cunner, yellowtail flounder, and tautog; including March collections, had the same two dommant

fourbeard rockling and hakes). Larvae were generally taxa as the previous group but in somewhat higher'

identifiad to species, except that hake (Urophycis sp.) densities. Group 4, termed early spring, consisted

was not identified to species. It is not known whether mosdy of April collections. Dominant taxa in the early

the hake larvae comprised more than one species (red spring group were American plaice and Atlantic'

hake, white hake, and spotted hake have all been cod / haddock (both in greater abundance than in Group ,

collected by the Seabrook otter trawl program as adults). 2 and Group 3 collections), with the addition of :

fourbeard rockling eggs. Group 4 collections during'

Eleven egg taxa were analyzed (excluding rare taxa) the operational period had higher American plaice and i

and the subsequent numerical classification analysis . ,ower fourbeard rockling densities than during the
|

i resulted in eight groups (Figure 5-2). A total of 303 preoperational period.

monthly " collections" were used for the cluster analysis,
with each collection being a monthly average of samples Group 5, termed the spring group, was found during

at one station. Only two monthly collections (Station the beginning of the warmer water season and consisted
!

P7, February 1990 and Station P7, February 1992) did of May collections exclusively for all years. The

not fall within any of the eight groups. He eight dominant taxa were more diverse than for the four

groups formed two major esegories, which -wi- previous groups and included eggs of cunner /yellowtail

ed to annual periods of cold and warm water flounder, fourbeard rockling (most abundant during

temperatures. Groups 1-4 were found during periods the preoperational period), American plaice, and Atlantic

of cooler water temperatures (November through April) mackerel (most abundant during the operational period). i

and Groups 5-8 were taken during the warmer period Gmup 6 consisted of June, July, and August collections

.

(May through October). Here was no difference in exclusively and was termed the summer grouping.

these two categories between preoperational and This group appeared less diverse, with only cunner /yel-
t

lowtail flounder and fourbeard rockling/ hake as
operational periods.

dominants. These two taxa exhibited fairly similar
'

Group 1, termed late fall /early winter, represented abundance in the r+sional and the operational-

the beginning of the cooler water period and consisted periods. Group 7 consisted oflate summer /carly fall

primarily of November, December, and January collections, primarily those during September. The

collections. Atlantic cod and pollock were the dominant taxa comprising this group were fairly diverse, probably +

!
taxa in this group (Table 5-3). The operanonal geomet- due to a general decline in egg abundance during this

ric means for both species were lower than the period. Differences between preoperational and

preoperational means. Although eggs of Atlantic cod, operational periods were greatest for windowpane and

haddock, and witch flounder could not usually be silver hake eggs, both being more abundant in the

identified to species except during their late embryonic operational period. The season represented by Group

stage (Brander and Hurley 1992), Atlantic cod eggs ^ was fall and collections occurred primarily in October.

could be identified during this period on the basis of Most of the dominant egg taxa in Group 8 were also

the known spawning seasons of these three species, dominants in Group 7 but the densities were much

Egg abundances in Group 2, termed the winter group, lower in Group 8. Preoperational and operational period

were relatively low for the two dominant taxa, Atlantic densities in Group 8 were generally similar to each

cod / haddock and American plaice, during both other except that Atlantic cod / haddock were lower in
,

preoperational and operational periods. His winter the operational period.

group consisted primarily of monthly collections from
February. Group 3, termed late winter, primarily

5-9
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Pigure 5 2. Dendrognm and temporal / spatial occurrence panem of fish egg assemblages,

formed by numerical classification of ichthyant.*rnn samples (monthly means
oflog (x+1) transfonned number per 1000 m2) at Seabrook intake (P2), discharge

'

(PS). and farfield (P7) stations, July 1986. December 1994. Seabrook Operational
Repon,1994.
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TABl E 5-3. FAUNAL, CllARACTERIZATM)N OF GROUPS FORMED BY NUMERICAL CLASSIFICATION OF SAMPt.ES OF FISit EGGS \
'

cot.LECTED AT SEABROOK INTAKE (P2), DISCilARGE (PS), AND FARFtELD (P7) STATIONS DURING JUI.Y 1996 TitROUGil
DECEMBER 1994.* SEABROOK OPERATIONAL REPORT.1994.

r

NUMBER OF SAMPLES AND DENSITY tLARVAEllete inY

PREOPERATIONAL PERIOD' OPERATIONAL, PERM)tr *

GROUP DOMINANT TAX A* a ICL MEAN UCL n LCL MEAN UCL

I-Late Fall /Early Winter Atlantic cod 42 ' 26 39 59 40 16 22 31
'

(0.61/0.44) Pollock 3 5 7 I 2 3

2-Winter Atlantic cod / haddock 5 2 3 4 13 1 2 2

(0.61/0.52) American plaice 0 1 2 <l <1 1

'

3-Late Winter Atlantic cod / haddock 6 4 7 14 12 3 6 10

(0.71/0.52) American plaice 2 3 4 3 4 6
,

American plaice 15 22 38 64 12 49 98 197 |
4-Early Sp) ring(0.54/0.34 Atlantic cod / haddock 7 15 30 12 22 40 4

Fourbeard rockling 4 8 16 <I <l I

5-Spring Cimner/yellowtail floimder 12 175 293 488 12 82 198 473

(0.72/0.55) Fourbeard rockling 77 235 715 4 14 43 '

American plaice 54 73 97 35 64 115

.i. Atlantic mackerel 18 37 77 77 222 635.

6-Summer Cunner /yellowtail flounder 39 2770 5000 9010 39 4090 6440 10100 |~

(0.70/0.63) Fourbeard rockling/ hake 216 399 734 269 362 488

7-l. ale Summer /Early Fall llake 15 89 138 214 15 76 128 217

(0.75/0.63) Fourbeard rockling/ hake 71 133 246 102 176 301

Windowpane 13 29 64 58 94 151 !

Fourbeard rockling 8 20 46 4 8 15 ;

Silver hake 7 19 47 119 181 275 i
t

8-Fall Atlantic cod / haddock 9 10 20 39 15 2 4 8 -

(0.66/0.40) Fourbeard rockling/ hake 4 10 25 5 8 14

linke 6 10 17 3 4 6

Silver hake 5 8 12 6 to 19

Fourbeard rockling i 4 10 1 2 3

'

*Each " sample" consisted of the average of tows within date and dates within month.
*(Within group /between group similarity).'

*'those whose preoperational geometric mean densities together accounted for 290% of the sum of the peroperational geometric mean ;

densities of all taxa within the group.
' Geometric mean and lower (l CL) and upper (UCL) 95% confidence limits.
'Preoperational = July 1986 - July 1990; Operational = August 1990 - December 1994.
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The overall results of the cluster analysis is clear. Group '2, terTned early winter, was more diverse and

Time of year was the only factor that corresponded generally comprised January collections. American i

with the cluster groups, which were formed by the sand lance was most dominant, with the remaining j

analysis on the basis of similar species composition predominant taxa (Atlantic herring, gulf snailfish, and ,

and abundance. Every one of the eight groups pollock) found at lower abundances. There were no i

contained collections from only one season of the year. apparent differences between preoperational and

In contrast, there was a very even distribution of stations operational geometric means for any of these taxa.

and of years within each of the groups. Most American sand lance larvae again dominated in Group

significantly, both the assemblages present and their 3, termed late winter /early spring. The period of

season of occurrence, were consistent between the occurrence for collections of this group was relatively

preoperational and operational periods. long, generally from February through March and
sometimes April. The geometric means were similar

The consistency of assemblages of fish eggs both between preoperational and operational periods for the

temporally (among both months and years) and spanally two dominant species, American sand lance and rock

(among stations) suggested that operation of Seabrook gunnel. Group 4 occurred during spring and comprised

Station has not altered the seasonal spawning time nor May and sometimes April collections for all years.

the distribution of eggs in the Hampton-SdM area. He Atlantic seasnail and American sand lance were

The spatial stability was demonstrated by the fact that the most abundant larvae in this group and this group

for 92% of the months analyzed, all three stations were was the most diverse of the seven groups. Abundance

classified into the same group. His spatial similarity of Atlantic seasnail larvae decreased from the
was further supported by the results of MANOVA, preoperational to the operational period, but the other

for which a significant difference was found between species were generally collected in comparab!c densities ;

the preoperational and operational periods (p<0.001), before and after Seabrook Station began operatwn.

but the interaction was clearly not significant (p = 0.80).

This indicated that the temporal changes in assemblage Group 5 collections occurred primarily during tre
~

abundance occurred concurrently at all three stations, late spring and early summer (June and July),

including the farfield station (P7), the control area. representing the first of the warm water groups. The
geometric mean for cunner, the most dominant species

Twenty-two larval taxa were selected for numerical in this group, declined from the preoperational to the

classification analysis, which resulted in seven cluster operational period. The annual seasonal patterns of -

groups (Figure 5-3). Only one monthly observation occurrence for Groups 6 and 7 were less consistent
!

(station P2, October 1992) did not cluster within any than for the other groups. Although Group 6 was not

of the seven groups. Similar to the egg collection data, present every year, cunner and fourbeard rockling larvae

two major categories were evident, with collections dominated this group during late summer (August and [

in Groups 1-4 occurring primarily during the cooler September). When present, this group annually

water temperature period (generally November through occurred together at all three stations. In contrast to

May) and collections in Groups 5-7 during the warmer Group 5, cunner larvae were more abundant during

period (generally June through Mber). Group 1, the operational period than during the preoperational ,

!

termed late fall, included prird..y Noverta and period. Group 7 was termed late summer /early fall,

December collections (Figure 5-3). Larval Atlantic and included collections from August through October.

hemng was the most abundant species during this Three of the six dominant taxa were also present in
!

period and there was a decrease in its abundance from the previous group, but they were collected at much

therwional to the operational period (Table 5-4). lower densities in the Group 7 samples. In general,

^
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Figure 5 3. Dendrogram and temporal / spatial occunence panern of fish larvae assemblages
formed by nmnerical classification of ichthyonlanhan samples (monthly means
oflog (x+1) transformed number per 1000 m2) at Seabrook imake (P2), discharge
(PS) and farfield (P7) stations, July 1986-December 1994. Seabrook Operational
Report,1994.
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TABLE 5-4. FAUNAL CllARACTERIZATION OF GROUPS FORMED BY NUMERICAL CLASSIFICATION OF SAMPLES OF FISit LARVAE
COLLECTED AT SEABROOK INTAKE (P2), DISCIIARGE (PS), AND FARFIELD (P7) STATIONS DURING JULY 1986 TIIROUGII
DECEMBER 1994.* SEABROOK OPERATIONAL REPORT,1994.

NUMBER OF SAMPI.ES AND DENSITY (t.ARVAFila00 in5*
PREOPERATIONAI, PERIOIY OPERATIONAL, PERIOD *

GROUP DOMINANT TAX A' a t.Cl, MEAN UCl, n I CI, MEAN UCI,

1-late Fall Atlantic herring 27 24 41 70 30 11 15 21

(0.51/0.19) Pollock 2 3 4 <1 1 I

2-Early Winter American sand lance 14 12 24 48 12 17 35 69

(0.52/0.48) Atlantic herring 2 4 8 1 2 5

Gulf snailfish 2 4 6 2 4 7
Pollock 1 3 8 2 3 4

3-Late Winter /Early American sand lance 27 215 ' 295 404 30 266 332 414
Sprm Rock gunnel 23 34 51 28 45 71

(O. .48)
Atlantic seasnail 19 20 39 75 18 12 22 39

4-Spring )(0.60/0.45 American sand lance 18 30 49 18 29 47
Winter flounder 2 5 11 1 I 3

'." Grubby 3 5 8 4 6 8

I Radiated shanny 2 5 10 1 3 7
Gulf snailfish 2 4 7 1 1 2
Rock gunnel 2 3 6 1 2 3

5-Late Spring /Early Cunner 27 40 94 218 24 10 30 91
Summer Fourbeard rockling 28 50 88 18 32 56

(0.60/0.44) Atlantic mackerel 15 27 46 15 32 67
Radiated shanny 17 26 40 25 36 52
Winter flounder 8 14 26 8 13 22

6-Late Summer Conner 15 101 201 399 24 121 308 782

(0.60/0.44 Fourbeard rockling 28 62 134 24 41 71

IIake 4 7 12 5 14 33

7-Late Summer / Fourbeard rockling 18 2 4 6 20 2 4 6
Fall Atlantic herring 1 4 12 I I 2

Early/0.29)(0.36 Cunner i 2 4 <l I I
Silver hake <I I 2 1 2 3
Windowpane i I 2 <l i I
IIake i 1 1 <l i I

'Each " sample" consisted of the average of tows within date and dates within month.
*(Within group /hetween group similanty).
'Those whose preoperational geometric mean densities together accounted ihr 290% of the sum of the preoperational geometric mean
densities of all taxa within the group.
Geometric mean and lower (1.01.) aiu upper (UCl.) 95% confidence limits.d

'Preoperational = July 1986 - July 1990; Operational = August 1990 - December 1994.

i
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for the months of August and September, Groups 6 carly April through mid-September, which is the time

and 7 were mutually exclusive, but there was no of year they occur in the ichthyoplankton.

apparent panem that could be related to plant operation.
Total estimated larval entrainment in 1994 was

As was the case with eggs, the cluster groups based roughly one-fifth to one-third of estimates for previous

on larval species composition and abundance were years, even though the 1990 estimate included only

strongly related to season but were independent of the months of June through December, and in 1991

station, year, and preoperational vs. operational status. and 1992, no entrainment sampling was conducted

In 97% of the months analyzed, all three stations were during a 3. to 4-month period (August or September

gmuped in the same cluster. This high degree of. through November) due to plant outages. The 1994

similarity among nearfield (P2 and PS) and farfield estimate does not account for any Atlantic seasnail, 1

(P7) collections was as true during the operational because no sampling was conducted during their season

period as it was during the preoperational period. of occurrence. His species ranked third in 1990, fourth

Similarity among stations was also supported by the in 1991, second in 1992, and first in 1993 among

results of MANOVA, where the pre +c&ional- entramed larvae (Table 5-6). De dominant larval taxon

operational term was significant (p<0.001), but the entrained was not consistent from year to year, with

interacnon was clearly not significant (p > 0.99). Dese cunner pmdominating in 1990 and rock gunnel in 1991
'

results indicated that the temporal changes in and 1992. Here was no consistent relanonship between

assemblage abundance were consistent at all three larval and egg taxa entrained in the same year, due

stanons, including the farfield stanon (P7), located well to varymg suscepubility of the two developmental stages

outside the zone of thermal influence of Seabrook to entrainment. Among the dominant larval species

Station. entrained are several that have demersal or adhesive
.

eggs, which are not susceptible to entramment, including

Atlantic seasnail, grubby, American sand lance, Atlantic
'

5.3.1.2 Entoinmest herrmg, rock gunnel, winter flounder, and gulf snailfish.
Behavioral characteristics of larvae may also reduce

One of the most direct measures of potential impact their susceptibilityto entrainment. For instance, hake

of Seabrook Station on the local fish assemblages is and fourbeard rockling larvae are surface oriented

. the number of eggs and larve entrained through the (Hermes 1985) and may not be susceptible to the mid-

condenser cooling water system. Nring the abbreviated water intakes. De rapid larval development of Atlantic ,

sampling in 1994,11 egg and 12 haal taxa were mackerel may enable them to develop a relatively high

collected in entrainment samples (Table 5-5). Total swimming speed (Ware and Lambert 1985) and, thus,

estimates of entrainment were 4.7 million eggs and may be able to avoid entrainment.

31.2 million larvae for the 6.5 months sampled. Rese ;

'

numbers are much lower than the 1990-1993 estimates Annual Seabrook Station entrainment estimates for

(Tabie 5-6), primarily because no sampling was the selected taxa were compared to estimates from two

conducted at times when dominant taxa would have other New England power plants, Pilgrim and Millstone

been abundant (Figure 5-4). This was particularly true Stations, for 1990 through 1994 (Table 5-7). Except

for eggs. In 1990-1993 Atlantic mackerel and for Atlantic seasnail larvae, annual entrainment estimates

cunner /yellowtail flounder composed 54-90% of the for Seabrook Station had similar annual estimates or

annual egg entrainment estimates, but in 1994 these I

two taxa were missing entirely from the total estimate

(Table 5-6) because no sampling was conducted from 1

5-15
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TABLE 5-5. MONTHLY ESTIMATED NUMBERS OF FISH EGGS AND LARVAE ENTRAINFD( 10') BY THE COOLING
WATER SYSTEM AT SEABROOK STATION FROM EARLY JANUAR'.' TitROUGH EARLY APRIL AND

I
'

FROM MID-SEPTEMBER THROUGH DECEMBER 1994. SEABROOK OPERATIONAL REPORT,1994.'

TAXON JAN' FEB MAR APR' SEP' OCT NOV DEC TOTAL

1
Fourbeard rockling/ hake 0.0 0.0 0.0 0.0 0.8 0.9 0.0 0.0 1.7

Hake 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.6

Atlantic cod / witch flounder 0.0 0.0 0.2 0.0 0.1 0.0 0.2 0.1 0.5

American plaice 0.0 0.0 0.3 0.1 0.0 0.0 0.0 0.0 0.4

Silver hake 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.4

Atlantic cod / haddock 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.3
;

Fourbeard rockling 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.2

Atlantic cod' O.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.2

Unidentified 0.1 <0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.2'

l

Windowpane 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1

Pollock 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1

Lumpfish 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1

TOTAL 0.1 0.1 0.7 0.1 0.9 2.1 0.2 0.5 4.7

LARVAE
Rock gunnel 0.0 1.8 6.6 2.7 0.0 0.0 0.0 0.0 11.0

American sand lance 0.8 5.0 23 0.3 0.0 0.0 0.0 0.0 8.3

Grubby 0.0 0.1 't.6 1.2 0.0 0.0 0.0 0.0 4.9'

Gulf snailfish 0.0 0.7 2.8 0.1 0.0 0.0 0.0 0.0 3.5'

4

Moustache sculpin 0.2 0.8 1.3 0.0 0.0 0.0 0.0 0.0 2.2

Unidentified 0.0 0.0 0.4 0.0 0.1 0.0 0.0 0.1 0.6

Longhom sculpin 0.0 <0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.3

Alligatorfish 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.2

Atlantic herring 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.1

Shorthorn sculpin 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.14

Cunner 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1

Windowpane 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 <0.1'

Redfish 0.0 <0.1 0.0 0.0 0.0 0.0 0.0 0.0 <0.1

TOTAL 0.9 8.5 17.3 4.2 0.1 0.1 0.0 0.1 31.2

' Estimates are unavailable for May August and portions ofJanuary, April, and September due to lack of sampling.
' January estimate represents only 3 of 4 weeks due to incomplete sampling
' April estimate represents only 1 of 4 weeks due to incomplete sampling.
' September estimate represents only 2 of 4 weeks due to incomplete sampling.

|
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TACLE 5 4. ANNUAL ESTIMATED NUMBERS OF FISH EGGS AND LARVAE ENTRAINED (x10') BY
THE COOLING WATER SYSTEM AT $EABROOK STATION FROM JUNE 1990 THROUGH
DECEMBER 1994. SEABROOK OPERATIONAL REPORT.1994. |

- TAXON 1999* 1991' 1992' 1993* 1994*

E.fifd
Adantic mackerel 518.8 673.1 456.3 111.9 0.0

Cunner /yellowtail flounder 490.4 7163 198.6 58.4 0.0

Atlantic co# haddock / witch flounder 29.1 74.5 39.5 503 1.0

Fourbeard rocklinginake 114.2 35.1 50.6 32'7 1.7.

Windowpene 36.4 19.9 22 3 29.1 0.)

American plaice 2.6 21.0 52.3 19.5 0.4

Lumpfish 0.0 0.0 0.0 9.5 0.1

Fourbeard rockling 7.4 43 0.8 1.4 0.2

Unidentified 0.0 2.0 0.0 0.8 0.2 I

Silver hake 11.4 0.0 0.1 0.4 0.4

Pollock 0.0 1.0 0.4 0.2 0.1

Hake 37.3 2.6 0.0 0.2 0.6

Atlantic menhaden 0.0 0.5 1.4 0.1 0.0

Cusk 0.1 0.5 0.0 0.1 0.0

Te m 00 0.2 00 0.0 00

Total 1247.7 1551.0 822.6 315.6 4.7

LARVAE
Adantic seasnait 11.6 16.0 31.5 64.4 0.0

Grubby 0.0 22.4 18.9 13.8 4.9

American sand lance 0.0 37.3 18.1 12.0 83

Atlantic herring 0.7 0.5 4.9 9.6 0.1

Rock gunnel 0.0 51.1 453 5.7 !!.0

Unidentified 0.7 2.1 1.4 5.6 0.6

Cunner 42.7 <0.1 0.0 4.7 0.1

Winter flounder 3.2 9.0 6.2 2.9 0.0

Gulf snailfish 0.1 2.8 1.9 2.6 3.5

Fourbeard rockling 37.9 0.5 0.1 2.2 0.0

American plaice 0.4 1.0 0.8 0.7 0.0

Longhorn sculpin 0.0 0.6 0.6 0.4 03

Moustache sculpin 0.0 0.1 03 0.4 2.2

Lumpfish 0.6 0.1 0.1 0.2 0.0

Unidentified snailfish 0.1 0.3 0.0 0.2 0.0 '

Shorthorn sculpin 0.0 0.2 0.6 0.2 0.1

Radiated shanny 4.8 3.1 1.1 0.2 0.0

Adantic cod 0.7 1.5 0.4 0.1 0.0

Silver hake 7.7 0.0 0.0 0.1 0.0
4

Windowpane 3.8 <0.1 0.1 0.1 0.1'

Hake 4.8 0.0 0.0 0.1 0.0
-

Atlantic mackerel 0.2 4.7 0.0 0.0 0.0'

| Yellowtail flounder 0.1 03 0.1 0.0 0.0

Alligatorfish 0.0 0.1 0.2 0.0 0.2

Wrymouth 0.0 0.1 0.0 0.0 0.0

Witch fleunder 0.3 0.0 0.0 0.0 0.0

Tautog 03 0.0 0.0 0.0 0.0 }
:

Pollock 0.2 0.0 0.1 0.0 0.0 ,

'

Fourspot flounder 0.2 0.0 0.0 0.0 0.0

|Rainbow smelt 0.2 0.0 0.1 0.0 0.0

Goosefish 0.1 0.0 0.0 0.0 0.0 |

Atlantic menhaden 0.1 0.0 0.0 0.0 0.0,

RedfLsh 0.0 0.0 0.4 0.0 <0.1

Haddock 0.0 0.0 0.1 0.0 0.0

U, U-- Sfied sculoin 00 00 0.1 0.0 0.0

Total 121.5 153.8 133.1 126.2 31.2

Trom NA! 1991. Represents ani 7 months.'

Trom NAl 1992. Represents oni 8 months.
Trom NAl 1993 on) 9 months.

rom NA! US ( 994).
epresents only 6.5 months.

.

t
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Figure 5-4. Total monthly cooling water system flow and estimated numbers of fish eggs
and larvae entrained dudng the operational pedod. Seabrook Operational
Repolt,1994.
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TAHLE 5-7. COMPARISON OF ENTRAINMENT ESTIMATES (x 10') FOR SELECTED TAXA AT SELECTED NEW
ENGLAND POWER PLANTS WITII MARINE INTAKES FROM 1990 TilROUGII 1994.
SEAHMOOK OPERATIONAL REPORT,1994.

TAXON SEABROOK PILGRIM * MILLSTONE'

Cunner /ycilowtail flounder /tautog eggs' 0'-716 860-4122 2,736-5,750
Atlantie mackerel eggs O'-673 337-2066 -

Atlantic herring larvae < l'- 10 1-18 -

Cunner larvae O'-43 4-323 -

y. Grubby larvae * 5'-22 7-44 34-76
;;; Atlantic seasnait larvae * O'-64 2-11 -

Rock gunnel larvac 6-51 7-62 -

American sand lance larvae 8'-37 23-459 7-77
Atlantic mackerel larvae O'-5 3-66 -

Winter flounder larvae O'-9 9-21 45-514

'M RI ( 1991, 1992, 1993 b, 1994, 1995); Cape Cod Bay.
'NUSCO (1994a,1994b,1995); eggs-1990-1993, larvae-1990-1994; Long Island Sound.
'Seabrook-cunner /yellowtail flounder; Pilgrim-cunner /tautog/yellowtail flounder; Millstone-cunner.
'Seabrook and Millstone-grubby; Pilgrim-grubby and other sculpins.
'Seabrook-Atlantic seasnail; Pilgrim-Atlantic seasnail and other snailfishes.
't.owst estimate occurred in a year when samples are lacking in some or all of the months when this taxon normally would be
entrained (1990's estimate was not included for those taxa usually present before June, when the entrainment sampling
program was begun).

.
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were considerably less than at the other two power (NFSC 1993). In the Gulfof Maine, the spiny dogfish !
'

plants. is primarily found inshore during summer, it is known

to prey upon Atlantic herring, Atlantic cod, Atlantic
mackerel, and American sand lance, among other

5.3.2 Adult Fish Assemblames species (NFSC 1993). Because female spiny dogfish |
'

bear live young that are relatively large and well-

5.3.2.1 Pelaric Fishes developed, no specimens have been entrained at i
Seabrook Station and only five have been impinged j

The pelagic fish assemblage was sampled using a on the traveling screens since 1990. The recent increase ;
'

gill net array at three stations (Figure 5-1). Geometric . in spiny dogfish biomass has taken place concurrently

mean CPUE (catch per 24-hour set) of all fish caught with decreases in groundfish stocks in a large region

at all three stations combined for 1994 was 2.1, an of the Northwest Atlantic Ocean (NFSC 1993) and,

increase from a mean of 1.8 in 1993, and generally thus,is not related to Seabrook Station operation.

similar to annual means found throughout the 1980s

(Figure 5-5). Largest catches were made duririg the
first five full years of sampling (i.e.,1976-80). Catch 5.3.2.2 Demersal Fishes

in 1994 was dominated by the Atlantic mackerel,
-

Atlantic herring, pollock, and blueback herring (Table A 9.8-m ouer trawl was used at three stations (Figure

5-8). 5-1) to determine the abundance and distribution of
demersal fishes. Geometric mean CPUE (catch per

In general, CPUE at the three gill net stations 10-minute tow) of all fish caught at all stations

followed similar trends during the 19-year period of combined in 1994 was 12.9, a decrease from the CPUE

sampling (Figure 5-5), as did the catch of the most of 20.6 determined for 1993, and it was the second-

numerous species (Table 5-8). Slightly higher catches lowest CPUE since sampling began in 1976 (Figure

were made at G3, the nudwonost station, particularly 5-6). The trawl CPUE peaked in 1980 (78.6) and 1981

during the first few and the most recent years of (77.6), primarily due to large catches of yellowtail

sampling. Catch during the pi+4ional period flounder. In 1994, catch was dominated by longhom

(1976-89) was dominated by Atlantic hernng, blueback sculpin, winter flounder, yellowtail flounder, skates,

herring, silver hake, pollock, and Atlantic mackerel hakes, and windowpane (Table 5-9).

(Table 5-8). For the operational penod (1991-94), most

of the catch was made up of Atlantic herring, pollock, Catch of nearly all species declined from the

Atlantic mackerel, and spiny dogfish. preoperational to the operational period, particularly
for the yellowtail flounder (CPUE of 9.3 and 2.0,

The spiny dogfish has become incressmgly abundant respectively). Other species with de.h CPUE
during the operational period, with a geometric mean included the longhom sculpin (4.1,3.0), winter flounder

CPUE of 0.2, which is approximately seven times the (3.5,3.1), hakes (3.2,1.3), Atlantic cod (1.8,0.7), and

CPUE determined for the preoperational period. Catch windowpane (1.3,0.9). The catch of skates was similar

in 1994 (0.1) and 1993 (<0.1; NAI and NUS 1994) (1.9,2.0)inbothperiods. Amongcommonlycaptured

decreased substantially from the CPUE of 0.4 species, only pollock (0.4, 0.5) and skates (1.9, 2.0)

determined for 1992 (NAl 1993). Spiny dogfish increased in CPUE between the preoperational and

abundance in the region has increased continuously operational periods. As noted previously, groundfish

since the 1960s, and, together with skates, now makes stocks have all decreased in the Northwest Atlantic

up about 75% of the fish biomass on Georges Bank
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TABLE 5-8, GEOMETRIC MEAN CATCH PER UNIT EFFORT (NUMBER PER 24-4 SET, SL*RFACE AND BOTTOM) WirH
COEFFICIENT OF VARIATION (CV) BY STATION (G1, C2. AND G3) AND ALL STATIONS COMBLNED FOR ABUNDANT

SPECIES COLLECTED BY GILL NET DL* RING THE PREOPERATIONAL AND OPERATIONAL PERIODS AND THE 1994
MEAN. SEABROOK OPERATIONAL REPORT,1994.

PREOPERATIONA1., PERIOD * 1994* OPERAT10NA1, PERIOD'

SPECIES STATION MEAN cv MEAN M EAN CV

Acanuc hemng GI 1.0 18 0.3 04 13

G2 1.1 20 0.2 03 23

G3 1.2 21 0.7 0.5 10

All Stauons 1.1 19 04 04 9

Atlanuc mackel GI 0.2 16 0.5 0.3 24

G2 0.2 15 0.7 0.4 37

G3 0J 16 04 0.4 14

All Stanons 0.2 15 0.5 03 23

Pollock G1 0.2 17 03 0.2 20

G2 0.3 10 0.5 03 16

G3 03 13 0.2 03 20

All Stanons 0.3 9 03 0.3 14

Spiny dos 5sh 01 <0.1 45 0.1 0.1 65

G2 <0.1 35 0.1 0.1 36

G3 <0.1 27 0.1 0.2 49

All Stanons <0.1 30 0.1 03 44

Silver hake G1 0.2 34 0.1 <0.1 68

G2 03 36 0.0 0.1 47

G3 03 32 <0.1 0.1 78

All S:anons 03 34' <0.1 0.1 44

Blueback hemng 01 0.2 17 0.1 0.1 26

G2 03 18 0.2 0.1 25

G3 03 24 03 0.1 29

All 5:auons 03 18 0.2 0.1 16

Alewife G1 0.1 17 0.1 0.1 33

G2 0.1 14 0.1 0.1 33

G3 0.1 21 00 0.1 51

All Stauons 0.1 14 <01 0.1 38

Rambow smelt 01 <0.1 26 <0.1 0.1 54

G2 0.1 21 0.1 0.1 34
*

G3 0.1 21 <0.1 0.1 50

All Stanons 0.1 18 0.1 0.1 42

Atlanac cod G1 0.1 18 <0.1 <0.1 76

G2 0.1 22 <0.1 <0.1 58'

G3 0.1 13 0.0 0.0 -

All Stanons 0.1 13 <0.1 <0.1 68

Other speces G1 04 9 03 0.3 17

G2 04 II 0.2 0.3 25

G3 0.3 12 0.1 0.2 31

All S&= 04 10 0.2 0.3 20

'Prooperauonal: 1976-1989; geomeinc mean of annual means.

"Geometnc mean of the 1994 dast
'Operauonal: 1991 1994 geometnc mean of annual rneans.

.,
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TABLE S 9. GEOMETRIC MEAN CATCH PER UNIT EFFORT (NUMBER PER 10-min TOW) WITH!

COEFFICIENT OF VARIATION (CV) BY STATION (TI, T2, AND T3) AND ALL
STATIONS COMBLNED FOR ABUNDANT SPECIES COLLECTED BY OTTER TRAWL
DURING THE PREOPERATIONAL AND OPERATIONAL PERIODS AND THE 1994 MEAN.
SEABROOK OPERATIONAL REPORT,1994.'

PREOPERATIONAL 1994* OPERATIONAL PERIOD'
PERIOD *

SPECIES STATION MEAN CV MEAN MEAN CV

Yellowtail flounder T1 20.0 3 4.0 43 36

T2 2.7 8 0.1 03 20

T3 10.2 5 1.7 1.8 16

All stanons 93 4 1.9 2.0 10

Longhom sculpin Tl 4.6 7 3.8 3.4 8

T2 1.1 12 03 0.4 9

T3 8J 6 7.2 5.9 4

All stanons 4.1 7 3.5 3.0 $

Winter flounder Tl 3.1 6 2.1 3.1 10

T2 5.9 6 1.8 23 12

T3 2.2 7 3.5 32 3

All stanons 3.5 5 2.5 3.1 8

Hakes' Tl 4.1 5 0.8 1.5 17

T2 1.7 7 02 0.6 28

T3 3.5 5 1.0 1.2 18

All stanons 32 4 0.8 13 17

Atlanne cod Tl 2.0 10 03 0.7 $2

T2 0.7 16 <0.1 0.1 40

D 3.2 11 1.0 13 44

All sianons 1.8 11 0.4 0.7 48

Skmes T1 1.7 15 f.9 2.6 13 ,

T2 0.6 10 03 0.2 20

T3 3.7 5 32 3.0 13

All stations 1.9 9 1.9 2.0 11

Windowpane T1 1.9 11 IJ 1.8 10

T2 0.9 10 0.1 0.5 28

T3 1.0 13 02 0.5 31 '

All stanons 13 10 0.6 0.9 17

Rainbow smelt Tl 1.1 9 03 0.4 11

T2 1.8 9 03 0.6 33

T3 0.8 14 02 0.4 28

All stations 1.1 9 02 0.4 24

Ocean pout Tl 0.7 6 0.1 0.1 23

T2 0.6 8 0.1 02 21

T3 1.4 7 0.1 03 21

All stanons 0.8 6 0.1 0.2 20

Silver hake Tl 0.9 16 0.4 0.4 14

T2 02 21 0.0 <0.1 62

D 0.8 13 0.6 0.6 14

All stations 0.7 14 0.4 0.4 14

Pollock T1 03 18 0.4 0.6 28

T2 0.7 21 1.1 0.7 21

T3 02 20 03 02 21

All stanons 0.4 18 0.5 0.5 20

Haddock Tl 02 34 <0.1 <0.1 58

T2 <0.1 64 0.0 0.0 -

T3 0.5 28 <0.1 0.1 50

All stanons 02 28 <0.1 <0.1 47

Other species T1 1.6 6 1.2 1.4 9
T2 1.6 7 03 0.8 29

T3 12 7 06 0.7 16

All stanons t .4 5 08 10 14

*Prooperanonal: 19761989; geornetric mean of annual means.
'Geometne mean of the 1993 dast
'Opershonal 1991 1993 geomeenc mean of annual means.
*May include red hake, whree hake. sposed hake, or more than one of these species.
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Roure 5-7. Annual geometric mean catch of af species combened per unit snort (nurnber per haul) in seine

,

samples by station and the mean of as stations, 1976 -1994. Seabrook Operallonel Report.1994.
i

f

and skate biomass is currently high in this area (NFSC and early fall, this may have biased interstation

1993). comparisons, which used the entire database. Because

of this potential bias, data from the August-October

Differences in CPUE and species composition were period were not used in any of the ANOVAs for

apparent among the stations. The bottom at nearfield selected species collected by trawl sampling (Section
,

station T2, located in shallow (15-17 m) water off the 5.3.3). For other months during the past 18 years, a<

mouth of Hampton-Seabrook Harbor, was occasionally few collections were missed at T2, but overall trawl

inundated with drift algae. Stations T1 and T3 are sampling efTort at T2 was 82% of that at Tl or T3.

in deeper water (20-28 and 22-30 m, respectively) and
^

have sandy bonoms. CPUE of all species combined
was consistently lower at T2 than at T1 and T3, which 5.3.2.3 Estuarine Fishes

tended to hsve similar catches (Figure 5-6). Catch at
,

j T2 was dominated by winter flounder, whereas Sampling for estuarme fishes was conducted at three

yellowtail flounder (p+ .donal period) and longhorn stations within the esmary ofHampton-Seabrook Harbor

sculpin (operational period) were most common at T1 (Figure 5-1) using a 30.5-m seine. Geometric mean;
,

i
! and T3. However, station to station comparisons are CPUE (catch per haul) for all fish caught at all stations

limited by the inability to sample by trawl at T2 during during 1994 was 13.1, a slight increase in catch from
,

many sampling trips, particularly from August through 1993 (CPUE of 10.2; Figure 5-7). Overall, seine

October, when catches tend to be largest. Because catches generally were smaller (5.6-24.1) during 1987-
,

[ largest catches were often made during late summer 94 than theywere during 1976-84, when annual CPUE

5-24 )
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ranged from 22.7 to 59.1; no seine sampling took place
1994 was an increase in the efficiency of sample

in 1985 or April through June of 1986. ne catch of collection and processing (Drawbridge 1995; pers.

most fishes by seine decreased from the preoperational
comm.to McSweeney USEPA). Impingement samples |

to the operational period (Table 5-10). ne Atlantic historically were collected and processed by Seabrook |

silverside has dominated the seine catch in all years Station personnel. In October of 1994 it became

sampled. Winter flounder, killifish (mummichog or apparent that plant personnel were not adequately {
'

striped killifish), ninespine stickleback, and rainbow
removing small fishes from the screenwash debris.

smelt also contributed frequently to the catch. S upervisory environmental personnel began collecting ,

and processing impingement samples in October, and
;

the numbers of fish retrieved from screenwash debris |
Catch by station showed considerable vananon over .

the years. Station S3, located near the mouth of the
increased dramatically. Environmental personnel are ;

estuary, had peak catches in 1976,1979, and 1990,
contmuing to conduct impingement monitoring in 1995. >

but its CPUE has been generally close to the three-
The numbers of fish impinged at Seabrook Station in

station mean since 1991. Station S1, located farthest 1990 through October 1994 were probably underesumat-

from the mouth, had relatively low CPUE during the
ed because small fish were not adequately removed

earliest years of sampling, but tended to approximate from the screenwash debris.

the overall mean in more recent years. CPUE at S2,
located closest to Seabrook Station, had the largest Since 1990, when the station began more or less

CPUE value in 1993 and was similar to the three station
continuous pumping of seawater, the estimated

average in 1994. Trends in CPUE were mostly due cumulative impingement totaled 23,009 fish and 73

to the fluctuations in catch of the dominant species, American lobster (Appendix Table 5-2). More than

Atlantic silverside. Winter flounder and rainbow smelt 75% of all fish recorded since 1990 were collected '

were most common at S3, whereas killifish were most in December (Appendix Table f 3). Very few (2%)

abundant at S1, with few taken at S3, likely due to fish were impinged in June-August. During the 4->T

salinity and temperature preferences. operational period, Atlantic silverside, hake spp.,
grubby, pollock, winter flounder, windowpane, and i

'

American sand lance made up 78% of the total
estimated impingement. Atlantic silverside were the

5.3.2.4 Impingement
most numerous fish impinged (5,579), and the majority i

Seabrook Station operated throughout 1994, with of this impingement occurred in the late fall. This fish

average circulating water flow ranging from 212 to is extremely numerous in New England estuaries and

692 million gallons / day (Table 5-11). During 1994, is found occasionally in ctter trawls and rarely in gill

an estimated 19,221 fish, American lobster, and seals netsamples(AppendixTable 5-1). Atlantic silverside |
I

were impinged (Table 5-11). Most(84%) fish were leave the estuary in the winter as temperatures drop

collected in December, followed by November (8%) and overwinter in waters less than 40 m deep (Conover

and October (6%).- Impingement in the fall and early and Morawski 1982). Dese fish were probably

winter usually increased due to northeast storms (NAI impinged during their winter offshore movement. ;

|and NUS 1994). He last quarter of 1994 was no
exception, as impingement increased significantly With the & Pan of Atlantic silversule and possibly f

compared to previous months. However, impingement pollock, the majority of the fishes impinged were,

in the last quaner of 1994 was also much higher than demersal. Few pelagic fishes such as Atlantic herring, .

!

the last quaner of previous years. The primary reason Atlantic mackerel, alewife, and blueback herring are

for the increase in impingement in the last quaner of
I
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TABLE 5-10. GEOMETRIC MEAN CATCH PER UNIT EFFORT (NUMBER PER STANDARD HAUL) WITH
COEFFICIENT OF VARIATION (CV) BY STATION (S1, S2, AND S3) AND ALL STATIONS COMBINED

FOR ABUNDANT SPECIES COLLECTED BY SEINE DURING '!HE PREOPERATIONAL AND
OPERATIONAL PERIODS AND THE 1994 MEAN. SEABROOK OPERATIONAL REPORT.1994.

PREOPERATIONAL 1994' OPERATIONAL PERIOD'

PERIOD *

SPECIES STATION MEAN CV MEAN MEAN CV

Atlantic silvers'ide S1 7.2 7 3.6 3.6 13

S2 6.8 6 3.1 3.7 I4

53 6.7 10 3.5 3.9 11

All susons 6.9 7 3.4 3.7 8

Winter flounder 51 0.9 11 1.0 0.5 42

S2 1.0 14 0.1 03 59

53 32 9 0.7 1.0 11

All stanons 1.5 8 0.5 0.6 12

Killifishes S1 1.1 10 0.5 0.8 45

S2 12 19 0.7 02 71

S3 <0.1 27 <0.1 <0.1 100

All stanons 0.7 13 0.4 03 33

Ninespine suckleback S1 0.7 20 03 03 36

S2 0.8 28 <0.1 0.1 24

S3 0.8 24 0.1 02 64

All stanons 0.8 20 0.1 01 31

Rainbow sinelt $1 0.1 41 0.4 02 52

52 02 31 02 03 42

$3 0.7 21 0.8 0.5 36

All stanons 0J 16 0.4 03 28

American sand lance L1 0.1 44 0.0 01 33

S2 02 48 0.0 02 100

S3 0.1 28 13 03 82

All stacons 0.1 28 0.4 02 28

Pollock SI 0.1 40 0.0 0.1 58

52 02 40 0.0 <0.1 100

53 0.4 36 0.0 0.1 58

All stauons 01 35 0.0 0.1 47

Blueback hernng S1 02 29 0.1 02 53

S2 0.1 36 0.0 0.1 100

53 0.1 38 0.0 <0.1 100

All stanons 0.1 29 0.0 0.1 51

Atlance hemng $1 0.1 59 0.0 0.1 67

S2 03 27 R0 0.1 66

53 0.1 24 0.1 0.1 64

All stations 01 19 <0.1 0.1 44

Alewife 51 0.1 38 0.0 <0.1 61

S2 0.1 49 0.0 0.0 -

53 0.1 31 0.0 <0.1 100

/.al stations 0.1 33 0.0 <0.1 36

Other species SI 0.8 14 0.7 03 33

S2 1.1 8 1.8 0.6 40

$3 1.5 12 12 1.0 21

All * 1.1 9 1.2 06 25

Tw&& 19761989; geometric mean of annual means.
*Geomeinc mean of the 1994 data.
'Opersoonal. 1991-1994 geometric mean of annual means.
'May include red hake, white hake, sposed hake, or more than one of these species.
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TABLE 5-II. SPECIES COMPOSITION AND TOTAL NUMBER OF FINFISH, AMERICAN LOBSTER AND SEALS IMPINGED
AT SEABROOK STATION BY MONTil DURING 1994.* SEABROOK OPERATIONAL REPORT 1994.

SPECIES JAN FER MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL. PERCENT

Atlantic silverside 3 27 5318 5348 27.82

2 22 285 2513 2822 14.68Ilake spp.
Garbby 2 2 2 60 2612 2678 13.93

Pollock 46 903 408 324 1681 8.75

Winter Hounder 6 1 13 I 4 10 1400 1435 7.47

American sand lance 1215 1215 6.32

% 33 127 724 980 5.10Windowpane
Rainbow smelt 2 543 545 2.84

lierring spp. I l 356 156 514 2.67

Rock gunnel 6 95 54 339 494 2.57

Sculpin spp. 2 203 205 1.07

Skate spp. 7 I 11 I i 169 190 0.99

Northern pipcGsh I 3 19 93 72 188 0.98

LumpGsh 3 34 8 6 35 6 90 182 0.95

Seasnait spp. I I $2 126 180 0.94

Longhorn sculpin 5 1 2 2 I I 7 37 49 105 0.55

Seanaven 5 2 2 I l 3 7 11 24 22 78 0.41

Flounder spp. 2 2 9 2 62 77 0.40
,

h Threespine stickleback 2 1 64 67 0.35

4 Atlantic cod I 2 2 2 3 1 47 58 0.30

Wrymouth 55 55 0.29

Conner I I I 8 11 9 I 32 0.17

American lobster 2 4 8 8 9 31 0.16

i Shorthorn sculpin 3 3 3 2 2 1 14 0.07

Illueback herring 13 13 0 07

Seal 3 3 6 0.05

Unidentified I 5 6 0 03
4 4 0.02KilliGsh spp.

Sunwner flounder 3 3 0.02

Ilutterfish I I l 3 0.02

Goosefish 2 1 3 0.02

Fourspot flounder 2 2 0.01

Red hake i I 0 01

Atlantic tomcod I l 0 01

i I 0.01Spiny dognsh
i White hake i I 0 01,

Column total: 32 11 70 15 10 45 2 11 205 1134 1563 16l23 19218

CLRCllt.ATING WATER 566 589 573 352 242 212 331 681 '695 690 692 628 190077*
AVERAGl; Fl.OW (MOD)
RATli18 FISil/MG) 0 002 0.001 0 004 0 001 0 001 0.007 0 000 0.001 0.010 0 053 0 075 0 828 o102,

!

i * Data provided by Noeth Atlantic I!nergy Service Company.
ior to October IW4 was underestimated (sce Summary).

" Impingement date {Dow/ year in MGI

' Represents flie tota
|

i



. _ - - . - - -- - - - - - - . _ - . - - -- _ _ -._-- - .. -

,

! FISH

impinged as Seabrook Station, even though the plant from November through April, when water temperatures i

draws water from mid-depths. ' were less than 10*C. Sticklebacks (four species),
smooth flounder, alewife, rainbow smelt, Atlantic

In addition to the fishes, six seals were impinged menhaden, winter flounder, and white perch dominated

in 1994. This is an increase over 1993 when one seal impingement samples, indicative of this power plant's |
;

i was impinged. Two factors appear to account for the location within the Sheepscot River estuary. No lobster |

) increase in seal impingement. The population of harbor were impinged at Maine Yankee. :
'

! seals in New England is increasing. A recent study
showed that the population of harbor seals in southem At Pilgrim Nuclear Power Station, sited oni ,

Mame and New Hampshire (Isle of Shoals to Pemaquid Massachusetts Bay, an estimated annual average of

Point) has nearly doubled since 1986 (Kenney and 20,029 fish (adjusted for 100% plant operation) was
;

. Gilbert 1994). The second factor is time of year. calculated for a 20-yr period (Anderson 1995; Table

: Harbor seals migrate to the warmer waters of 5-12). The mean impingement rate was 55 fish per

Massachusetts,Rhode Island and New York in the fall, day. During this period, catch was dominated mostly

returning to northem waters in April (Payne and Selzer by Atlantic silverside, with rainbow smelt, herrings,
,

f 1989 cited in Gilbert 1994). Increased number ofseals and cunner occasionally abundant in samples. In 1994,

! passing through New Hampshire waters increase the 97 Amencan lobster were collected, giving an estimated

| probability of contact with the intake structure. total impingement of 1,152 lobster for 100% station

i operation, which was a higher estimate than for most |

| Seals in general are omnivorous, and are not other years of Pilgrim Station operation (Anderson |
restricted to consuming fish. Two of the seals impinged 1995).

'

;

in 1994 had fed recently, as evidenced by the presence

i of fish in their stomach. It is possible that these seals In 21 years of study, an average of 54,433 fish was

were feeding on fish near the intakes. Large numbers impinged annually at the Brayton Point Station (Units

of pollock were impinged in October and November 1-3), located on Mount Hope Bay in Massachusetts
,

; 1994 when the seals were impinged. However, few (MRI1993a; Table 5-12). Atlanticmenhaden, winter
,

fish were present in impingement samples in October flounder, Atlantic silverside, hogchoker, alewife, silver

) of 1993 when another seal was impinged. Divers have hake, and threespine stickleback were most often

; observed pollock near the intake structures but they impinged. Fish were impinged at an average rate of

appeared to be transitory and did not readily enter the 118 per day. In a study to determine the effectivenessi

structures. of angled screens at Brayton Point Unit 4 (LMS 1987),

total numbers of fish collected on the screens were

The number of fish impinged annually at Seabrook 18,095 in 1985 and 1,449 in 1986. These numbers
,

; Station may be compared to collections or annual represented fish actually collected and no annual

estimates made at other large power plants in New estimates were determined in this study. Bay anchovy

England with marine intakes (Table 5-12). From made up most (77%) of the catch in 1985; Atlantic-

; November 1972 through October 1977, nearly 300,000 silverside, northern pipefish, ,vinter flounder, butterfish,

fish weighing 3,040 kg were collected in 215 24-h and tautog wem also relatively common.2

samples of impingement at the Maine Yankee Nuclear

Generating Station (Evans 1978). The mean number Impingement sampling was conducted at Millstone

| of fish collected each year was approximately 50,000 Nuclear Power Station Unit 2, located on Long Island

i fish during this period, with an average of 1,395 fish Sound, from 1976 through 1987 (NUSCO 1988).

impinged per sampling day. Most fish were collected Annual impingement estimates for fish ranged from
,

5 28
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TABLE 5-12. COMPARISON OF FISIl IMPINGEMENT ESTIMA1ES AT SELECTED NEW ENGLAND POWER PLANTS W1115 MARINE INTAKES. SEARROOK OPERATIONAL
REPORT.1994.

SOURCE RA1ED NOMINAL COOLING YEARS MEAN RANGE FOR MEAN

WATER CAPACITY WA1ER FLOW OF ANNUAL CV ANNUAL NimlBER

STATION BODY (MWe) (na'Mec ') STUDY IMPlNGEMENT (%) ES11 MATES PER DAY REFERENCE

Seabrook Gulf of Maine 1,150 31.5 1990-94 4.618 ' 177 499-19,221 12.7 ---

Maine Yankee Monesweag Bay 855 26.6 1972-77 49,999* 34 31,246-73.420' l.395* Evans (1978)

* Pilgrien Massacliusetts Bay 670 20.3 1974-94 20,029' 115 1,143-87,752' 55* Anderson (1995)

Brayton Point 1-3 Mount floPe Bay I,150 39.0 1972-92 54,433 ' 136 15,957-359,394 118 MRI (1993a)

Brayton Poins 4 Mount ilope Bay 460 16.4 1984-85 - - 1.479 18,095* - IMS (1987)

Milissone 2 Img Island Sound 870 34.6 1976-87 25,927' 59 8,560 60.410' 7 t* NUSCO (1988)
65,927* 214 8,560-511,387* 18t*

t

* Collecsed in sainpling only, not a calculated annual estimate.
Essinnees adjussed assunning 100% station operation- ;

*

Excluding an estinissed 480.000 American sand lance taken on luly 18, 1984.*

Including die sand lance naass inipagenient episode.*

i

!

I
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8,560 to 511,387 (Table 5-12). The highest estimate, 1976) and freshwater (Lifton and Storr 1978) power
:

I however, was skewed by a single-day catch of plants.

approximately 480,000 American sand lance. Excluding
this carch, the largest annual total was 60,410 and the3 ,

annual mean impingement was 25,927 (71 fish per day). 5.3.3 Selected Snecies |"

! Impingement samples at Millstone Unit 2 were |

: dominated by winter flounder, anchovies, grubby, 5.3.3.1 Atlantic Hemar |
'

silversides, and Atlantic tomcod. Annual impingement ,

estimates for American lobster ranged from 261 to The Atlantic herring ranges in the Northwest Atlantic

1,167, with an annual mean of 634 (CV = 14%). Ocean from western Greenland to Cape Haneras (Sec~ |
and Scott 1988). Separate spawning aggregations (

Impmgement estimates at Seabrook Station were associated with particular geographic areas in the Gulf i'

,

apparently much less (s 23%) than those at comparable of Maine have been recognized (Anthony and Boyar ;i
' - electrical generating stations in New England. 1968; Iles and Sinclair 1982; Sinclair and Iles 1985) |

However, as previously discussed, impingement at and tagging studies have shown high (> 90%) homing |
: !

| Seabrook Station was underes+imated prior to October fidelity of spawning herring (Wheeler and Winters

1994. The magnitude of the underestimate is not 1984). However, a lack of evidence exists for

j known, but may become apparent with the collection biochemical, genetic, and morphometric differenuation

: of the 1995 impingement data; Impingement at a power among these spawning groups (Komfield and

! plant does not reflect absolute fish sh=d=ce near the Bogdanowicz 1987; Safford and Booke 1992),

! station, but is related to the susceptibility of a species indicating that there is enough gene flow to prevent j

! to entrapment, intake design and location, plant the evolution of genetically distinct stocks. Atlantic ,

opermang characteristier, environmental variables (e.g., herring spawning grounds are typically located in high i

water temperature, wave height, wind direction and energy environments (i.e., tidal or current), with |
;.

I

velocity), and time of day (Landry and Strawn 1974; demersal adhesive eggs d-M on marme vegetation

Grimes 1 H5; Lifwa and Storr 1978). He design of or substrata free from sitting (Haegele and Schweigert f
Seabrou Station offshore intake with a mid-water 1985). A major spawning area and source oflarvae !

,

!
entrance and a velocity cap located in a relatively open in the westem Gulf of Maine is Jeffreys Ledge'

water body has apparently been saccessful at reducing (Townsend 1992), although other banks and ledges

the impingement of fish and lobster. Except for pollock in this area are also used (Boyar et al.1971). Other'

and Atlantic silverside, demersal fish are most often major spawning grounds include Georges Bank and i'

impinged. This indicates that some features of the coastal areas of central and eastem Maine and Nova4

j intake, as well as fish behavior and distribution, allow Scotia (Sinclair and Iles 1985).

j for the entrapment of bonom-dwelling species under
certain conditions. The magnitude of impingement Currently, the median age and size of maturity for

at Seabrook Station appears to be affected primarily U.S. coastal Atlantic herring is about 3 years and 25

by storms, particularly northeasters (NAI 1993). A cm (O'Brien et al.1993); all fish become mature by

similar phenomenon was noted at Millstone Nuclear age-5 (NFSC 1993). Maximum size is about 430 mm

Power Stanon, where large wraer flounder impingement and 0.68 kg (Bigelow and Schroeder 1953). Most
;

episodes were found to be related to a combination spawning in the westem Gulf of Maine occurs during
;

of high sustained wind and low water temperatures September and October (Lazzari and Stevenson 1993).

(NUSCO 1987). Storm events have also increased Focundity of fall-soawning Atlantic herring from

impingement at other estuarine (Thomas and Miller southwest Nova Scotia ranged from about 50.000 to

5-30

;
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222,000 eggs (Messieh 1976). The early life history (Lambert 1984; Lambert and Ware 1984; Rosenberg

of Atlantic herring is somewhat unique among other and Doyle 1986). An inverse relationship was found

northem temperate fishes in that the larval stage is up between year-class strength and temperature during

to eight months old before metamorphosts to ajuvenile the late larval and earlyjuvenile phases (Anthony and

phase (Sinclair and Tremblay 1984). Instead of Fogarty 1985). Survival may be related to the rate

spawning in spring to coincide with increasing water at which temperature decreases in winter as well as

temperature and plankton food resources, fall-spawning
to the absolute minimum temperatures (Graham et al.

herring must deal wi t extremely low winter tempera- 1990). Low temperatures may also indirectly increase ,

1

tures and minimurn plankton abundances (Townsend starvation and vulnerability to predation. Pedersen

1992). The 1.01.4-mm eggs hatch in about 10-15 (1994) fernd that survival and larval length was related |

days, when larvac are 4-10 mm (Fahay 1983). Hatching to changes in food availability. Larvae exposed to
'

and larval growth are highly variable and depend mostly varying prey abundance grew less and had lower

upon prevailing water temperatures Lough et al. (1982)
survival than larvae exposed to a continuously high ;

,

noted that larvae hatching at 5.7 mm grew to 30.9 mm ration. ;

|
over a 175-day period. Graham and Townsend (1985)

reported mean growth of 0.199 mm/ day (range of 0.123-
Abundance and landings of Atlantic herring have !

!

0.270) and a mortality rau: of 2% per day (0.7-3.1%) fluctuated considerably over the past 35 years (NFSC

for Gulf of Maine larval Atlantic herring. Larvae 1993). During this period, the fishery in Maine has,

hatched early in the season grow faster than those also changed from predominantly fixed gear to almost
'

hatched late (Jones 1985). Larval mortality is generally all mobile gear in recent years, due to the decreased

highest in fall, low in winter, and increases again in availability of fish in nearshore areas. The Atlantic ,

spring (Graham et al.1972). Larvae tend to drift or herrmg fishery on Georges Bank peaked at 373,600

disperse from offshore spawning grounds into coastal
metric tons in 1%0, but collapsed to 43,500 metric |

bsys and estuaries for further development and tons in 1976. Recent indicanons are that the population !

transformation to the juvenile phase of life. After on Georges Bank is recovering (St-6=n and

metamorphosis, juveniles remain in t.oastal waters Komfield 1990; Smith and Morse 1993). Present

during summer, Adults tend to be found in specific biomass may even exceed pre-collapse levels, but

summer feeding areas that are located near tidally- without an offshore fishery to provide long-term catch i

induced temperature fronts, where plankton productivity data, present estimates of stock levels, although large,

is high, and they overwinter after spawning in areas are imprecise (NFSC 1993).

with slower currents than found elsewhere in the Gulf

of Maine (Sincisir and lies 1985).
Atlantic herring eggs have not been identified in

any ichthyoplankton collections for Seabrook Station f

Graham (1982) hypMW that year-class strength studies, probably because they are demersal and ,

was determined by a density-dependent mortality phase adhesive. The larval stage was prevalent and typically :

in fall and a density-independent phase in winter, both occurred during an extended period from October ;

of which may be affected by the time of spawning and through May. Peak abundance was found during the
'

larval distribution following hatching and dispersion. fall spawning season, from October through December :

Campbell and Graham (1991), however, noted that (NAl 1993). Larval densities in 1994 were similar !

herrir.g recmitment is a complex interaction among to those found during the operational period (Table ,

many critical factors, which may differ from year to 5-13) and in 1993 (NAI and NUS 1994). A large

year. A series of successive cohorts in space and time decline occurred during the preoperational period at |

may help to limit intraspecific competit on and monality allthree ichthyoplankton stations during the late 1970s

5 31
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TABLE 5-13. GEOMETRIC MEAN CATCH PER UNIT EFFORT C4UMOER PER 1000 m ) WITH COEFFICIENT OF
VARIATION (CV) BY STATION (F2, P5, AND P7) AND ALL STATIONS COMBINED FOR SELECTED
LARVAL SPECIES COLLECTED IN ICHTHYOPLANETON SAMPLES DURING THE PREOPERATIO.% ALj
AND OPERATIONAL PERIODS AND IN 1994. SEABROOK OPERATIONAL REPORT,1994.

..

~

PREOPERATIONAL PERIOD * 1994' OPERATION AL PERIOD *
'

| SPECIES STATION MEAN CV MEAN MEAN CV
.

; Amencan sand lance P2 159.6 14 252.8 133.9 13 |

(Jan-Apr) P5 225.4 14 374.4 199.6 9
,

P7 106.0 16 266.8 127.4 11

All stations !62.5 13 293.4 !$0.5 II
j

Winter flounder P2 12.1 19 3.6 6.0 17

i (Apr Jul) P5 10.5 18 6.4 6'.4 10
-

P7 8.0 25 7.6 2.5 50

All stauons 10.8 18 5.6 4.6 9

I Atlantic cod P2 2.5 63 0.5 0.8 60
*

4 (Apr Jul) P5 2.4 80 0.9 0.9 66 ,'

P7 1.0 73 0.7 0.6 25
'

All stations 2.3 63 0.7 0.8 50

Yellowtail Counder P2 3.4 50 0.4 1.5 65*

4 (May-Aug) P5 5.0 32 0.9 1.9 58

i P7 2.9 44 2.5 1.7 30

A!! stauons 3.8 39 1.1 1.7 44

; Atlantic mackerel P2 6.9 31 3.3 6.1 54

(May Aug) P5 6.8 50 33 4.8 51
,

P7 5.9 21 43 6.3 48*

A!! stations 6.9 32 3.6 5.7 51 ;

7 Cunner P2 48.5 22 110.7 493 39

38.5 36
i (Jun-Sept) P5 55.0 29 55.0 -

j P7 59.0 23 135 3 58.0 37

Al. stauons 48.8 23 94.9 44.1 37'

4

.
Hake' P2 3.9 43 12.5 2.2 88

3 (Jul Sept) P5 3.1 50 11.0 2.5 87
,

P7 3.9 48 14.1 3.2 97 |

A!! stations 4.0 39 12.5 2.6 88

Atlantic herrmg P2 29.0 34 10.0 6.6 35
,

(Oct Dec) P5 28.8 40 11.2 8.7 22'

i P7 33.2 22 5.8 8.8 28

: All stations 29.2 32 8.7 8.0 25

i
i

O.8 37Pollock P2 63 50 -''

1.0 60
(Nov-Feb) P5 8.2 52 -

0.7 48P7 2.4 50 -

0.8 46All stations 6.8 49 -

* Preoperational: July 1975-July 1990 (in some years not all three stations were sampled); geometric mean of annual means.
* Geometnc mean of the !?94 data.
' Operanonal: August 1990-December 1994; geometric mean of annual means.

i

* May include red hake, white take, sponed hake, or more than one of these species. )
* Annual geometne mean not compead for pollock in 1994 because January and February 1995 data were not yet available.

5 32
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and again during a similar period in the 1980s, prior the area over the course of a lengthy larval develop-

to the operation of Seabrook Station (Figure 5-8). Since mental penod. The ANOVA interaction tenns for both

1989, annual abundance has remained relatively stable. the ichthyoplankton and gill net programs were not

Larval density in the operatonal period was significant- significant, which indicated that the operation of

ly lower than in the preoperational period (Table 5-14), Seabrook Station has not affected the local abundance
|

primarily due to declines in density that began during or distribution of Atlantic herring. Even though the

the precperational period. During the period when Georges Bank-Gulf of Maine herring biomass has

all three stations were sampled (1986-94), similar increased in recent years to relatively high levels (NFSC

densities were collected at the three stations. This was 1993), recovery has not yet occurred in the Hampton-

substantiated by the ANOVA results, which showed Seabrook area to former levels of abundance. The

no significant differences detected among stations (Table recos ery on Georges Bank appears to be related to the
lack of commercial fishing pressure in recent years

5-14).
(NFSC 1993). The stock may have re-established itself

As pelagic fish, large juvenile and adult Atlantic from a remnant population of fish that remained on

herring were collected during Seabrook Station studies the bank (Stephenson and Kornfield 1990) or by

primarily by gill net. Catches were highest in spring recolonization from other spawning grounds off

and fcll, with few taken during July and August (NAI Southem New England (Smith and Morse 1993).

1993). Abundance of Atlantic herring has been
extremely variable during the entire study period.
Annual abundance was highest in 1976 through 1979, 5 3.3.2 Rainbow Smelt

and remained at relatively low levels from 1981 through

the present (Figure 5-8). The variability among years The anadromous rainbow smelt occun from Labrador

is reflected in the ANOVA results where there were to New Jersey (Scott and Crossma'i 1973). It serv -

no significant differences between the preoperational as forage for fish, birds, and seals and supports minor

and operational periods, despite the high abundance sport and commercial fisheries in New England and

in the late 1970s (Table 5-14). There were no Canada. A small (maximum size of about 35 cm)

significant differences among stations and all three pelagic schooling species, it is readily available for

stations showed similar trends among years (Table 5-14; sampling because it is mostly found in shallow, coastal

Figure 5-8). waters. Adults begin to mature at ages 1 and 2 and
live about five years (Murawski and Cole 1978, Lawton

Despite their occurrence in the area of the Seabrook et al.1990). Adults enter estuaries in fall and winter
Station intake throughout much ofthe year, apparently and spavm in sprSg after ascending brooks or streams

no Atlantic herring have been impinged on the traveling to the head ofiide. Fecundity rmes from approximate-

screens to date (Appendix Table 5-2). Thus, no direct ly 1000-73,000 eggs per female @ayton 1976, Lawton

plant impact tojuvenile or adult fish has been observed. et al.1990). Spawning in the lones River, MA

Atlantic herring was the ninth-ranked species of commenced when water temperature was about 4*C

entrained larvae in 1994, with an estimated total of (Lawton et al.1990). Most of the spawners in this

100,000 (Table 5-5); this was the smallest number river were age-2 and the abundance of this age-class

entrained since the beginning of commercial operation considerably affected spawning stock size. Based on

(Table 5-6). Entrainment of Atlantic herring larvae larval production estimates, minimum egg survivorship

is a relatively small impact given that these larvae are in the Jones River was 0.06% in 1980. Eggs range

likely drawn from the progeny of large spawning groups in size from 0.9-1.2 mm, and attach to rocks, gravel,

in the Gulf of Maine that disperse widely throughout vegetation, or each other (Bigelow end Schroeder 1953).

5-33
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TABLE 5-14. RESULTS OF ANALYSIS OF VARIANCE FOR ATLANTIC HERRING DENSITIES BY SAMPLING PROGRAM.
SEABROOK OPERATIONAL REPORT,1994.

PROGRAMI SOURCE OF VARIATION di MS F MULTIPLE COMPARISONS
OF ADJUSTED MEAN?,

MONTHS USED

IchthyoplanHon Preop-Op* 1 27.94 7.75* Op< Preop

(Oct.-Dec.) Year (Preop-Op)* 7 3.66 1.05 NS

(1986-1994) Month (Year)* 18 3.74 9.11 *"
Station' 2 0.35 3.38 NS
Preop-Op X Station * 2 0.10 0.62 NS
Station X Year (Preop-Op)' 14 0.17 0.41 NS
Error 267 0.41

Gill Net Preop-Op' 1 4.61 2.88 NS

(Sep.-May) Year (Preop-Op) 17 1.63 4.87 "*

(1976-1994) Month (Year) 151 0.32 9.26 "*
Station 2 0.06 5.01 NS

u
da Preop-Op X Station 2 0.02 0.31 NS

Station X Year (Preop-Op) 34 0.05 1.45 NS"

Error 302 0.03

* Preop-Op compares 1990-1994 to 1986-1989 regardless of station. NS= Not signelicant (p>0.05)

* Year nested within preoperational and operational penods regardless of station. * = Significant (0.05hp>0.01)

* Month nested within Year. " = Highly significant (0.0t hp>0.001)

* Stations regardless of year or period. *" = Very highly significant (0.001 hp)
* Interaction of the two main effects, Preop-Op and Station.
' Interaction of Year and Station nested within Preoperational and Operational periods.
* Preop-Op compares 1990-1994 to 1976-1990, regardless of station.
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Larvae hatch at about 5 mm in length and grow to about at S3, although catches at all three stations in 1994

63 mm by November (Scott and Scott 1988). Larvae showed increases relative to 1991 and 1992. There

hatch at night (24-hour periodicity) independent ofwater were no significant differences in seine catches between

temperature or stream hydrodynamics and are carried the preoperational and operational periods (Table 5-15),

down to estuaries, as no larvae are retained on the probably due to the high variability in CPUE during

spawning grounds (Ouellet and Dodson 1985a, b). the preoperational period, and the interaction tenn was

In the St. Lawrence Rivei, smelt larvae are mostly not significant.

found in the maximum turbidity zone of that estuary

(Laprise and Dodson 1989; Dodson et al.1989). The results from the ANOVA indicated that trawl
catches were significantly greater during the preopera-

Stocks of rainbow smelt are localized to some extent, tional period in comparison to the operational period )
which would be important for impact assessment. (Table 5-15). Given the longer time span of |

'

Although adults of three geographical grcups ofrainbow preoperational sampling and the several peaks of

smelt in estuarine waters of Quebec dio not home to abundance that occurred during this period, this was

specific spawning rivers (Frechet et al.1983), nor did not unexpected. The ANOVA interaction term for trawl

fish among three different streams of the Pader River, catches was significant, indicating a potential power

MA estuary (Murawski et al.1980), other ?solating plant impact. CPUE decreased between the preopera-

mechanisms apparently limit gene flow. A probable tional and operational periods at all trawl stations, but

means is the ability of 1.irvae to retain themse.'ves in the decrease was greater at Station T2 (Figure 5-10).

estuarine areas by using active vertical migration in CPUE was generally highest at Station T2 during the

relation to tides (Ouellet and Dodson 1965a; Laprise preoperational and early operational periods, but by

and Dodson 1989). 1992, CPUE at Station T2 was similar to the other two

stations (Figure 5-9).

Near Seabrook Station, rainbow smelt were collected

by otter trawl mostly from December through April Because of the behavior and specific life history

(NAI 1993), which corresponds to the winter-spring of the rainbow smelt, no eggs and few larvae (0.03%

spawning run. The annual geometric mean CPUE of alllarvae in all offshore samples) have been collected

peaked in 1989 in the late preoperational period, and in the ichthyoplankton sampling program. Annual

has steadily declined throughout the operational period entrainment estimates have been very low, with larvae

(Figure 5-9). Catches were generally highest and most collected only in 1990 and 1992, accounting for a total

variable at Station T2, off the mouth of Hampton- entrainment estimate of about 300,000 larvae since the

Seabrook Harbor. Stations generally showed similar beginning of plant operation in 1990 (Table 5-6). An

trends in CPUE, especially after 1985. estimated 704 rainbow smelt were impinged during

the last five years (Appendix Table 5-2). Given that

ne annual geometric mean CPUE for seine sampling so few rainbow smelt have been taken at Seabrook

was also highly variable, especially at Station S3 (Figure Station and that the abundance in trawl sampling

5-9). He largest annual seine CPUE values occurred showed similar patterns in annual CPUE at all stations,

in 1979 and 1990, one year after cyclical peaks were it is very unlikely that this species is affected by

observed in trawl catches. As seine sampling occurs Seabrook Station operation.

from April through November, these catches may have

corresponded to increased numbers of age-1 fish
resulting from larger-than-average adult spawning stocks

of the previous year. Most rainbow smelt were taken
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TABLE 5-15. RESULTS OF ANALYSIS OF VARIANCE FOR RAINBOW SMELT DENSITIES BY SAMPLING PROGRAM.
SEABROOK OPERATIONAL REPORT,1994.

PROGRAMI SOURCE OF VARIATION df MS F MULTIPLE COMPARISONS
MONTHS USED OF ADJUSTED MEANS

Trawl Preop-Op* 1 5.46 5.82 ** Op< Preop
(Nov-May) Year (Preop-Op)* 17 0.72 1.35 NS
(1975-1994) Month (Year)* 114 0.55 6.62*"

Stah* 2 OA4 1.44 NS
Preop-Op X Staten* 2 0.28 4.65* 2 Pre 1 Pre 3 Pre 100 20p 300
Station X Year (Preop-Op)' 34 0.06 0.72 NS
Error 227 0.06

Seine Preop-Op' 1 <0,01 0.02 NS
(Apr-Nov) Year (Preop-Op) 15 0.11 0.77 NS
(1976-1994) Month (Year) 116 0.10 1.50 "

Station 2 0.65 6.75' NS
Preop-Op X Stah 2 0.10 0.92 NS
Station X Year (Preop-Op) 30 0.11 1.60 **

w
0 Error 232 0.06
oo

* Preop-Op compares 1990-1994 to 1986-1990 regardless of station. NS = Not significant (p>0.05)
* Year nestad within preoperational and operahat periods regardless of slah. = Significant (0.05mp>0.01)*

* Month nested within Year. = Highly significant (0.012p>0.001)"

* Stations regardless of year or period. "* = Very highly significant (0.00t hp)
* lateraction of the two main effects, Preop-Op and Station.
' interaction of Year and Station nested within Preoperational and Operational periods.
* Preop-Op compares 1990-1994 to 1976-1984 and 1986-1989) regardless of station.
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5.3J3 Atlantic Cod thermocline in stratified waters (Perry and Nielser m;

Lough and Potter 1993). Vertical (Lough and i ecter

The Atlantic cod is found in the Northwest Atlantic 1993) and horizontal (Suthers and Frank 1989)
Ocean from Greenland to Cape Hatteras and is one movements become less extensive with age and larger :

of the most imponant commercial and recreational (> 20 mm) pelagic juveniles occur at greater depths

fishes of the United States. The highly predatory, than larvae. By summer, juveniles 40 mm or larger

omnivorous cod can commonly achieve a length of make the transition from a pelagic to a demersal habitat. -

130 cm, a weight of up to 25-35 kg, and can live 20 This transition can occur over a relatively large size

years or more. However, smaller (50-60 cm,1.1-23 range (40-100 mm) over a 1-2 month period and even 1

kg, age 2-6) are more typically caught by the fisheries demersaljuveniles may move 3-5 m off the bottom

(Bigelow and Schroeder 1953; Scott and Scott 1988; at night (Lough and Potter 1993).

NFSC 1993). The Atlantic cod is a cool-water fish,
and is found and spawns at temperatures from about- Spatial distribution also changes with age, as cod

1 to 10*C; distribution is also influenced by time of of ages 1-2,3, and 4+ in Southem New England and

year, geographical location, and fish size (Jean .1964; on Georges Bank were reported by Wigley and Serchuk i

Scott and Scott 1988; Branden and Hurley 1992). Many (1992) to be distributed at different depths during

separate groups spawning at different locations have sprmg Seasonal distribunon shifts are likely associated 1
'

been noted in the northwest Atlantic, but for manage- with water temperature. Suthers and Frank (1989) noted

ment purposes two stocks (Gulf of Mame, and Georges that nearshore waters of Nova Scotia contained high

Bank and South) are recognized in U.S. waters (NFSC densities of young cod and may serve as an important
,

1993). nursery area for fish origmatmg from offshore spawning I

sites.

Atlantic cod mature between ages 2 and 4, with age

and size of 50% maturity of 2.1-23 years and 32-36 The success of cod year-classes in the Nortilwest

cm for Gulf of Maine fish (O'Brien et al.1993). Atlantic Ocean exhibit periodicities of 10 to 20 years, ,

Fecundity can be quite high, with 0.2 to 12 million and there was little evidence that the annual reproduc-

shelf (Hutchings et al.1993). The timing of cod tive output of adult spawners was significantly related ;

spawning varied among years, and could be accelerated to year-class success (Koslow and Silvert 1987). The

by exposure to warm slope waters or delayed by periodicities observed may correspond to regional

exposure to cold shelf water (Hutchings and Myers physical and biological prm-(Koslow 1984). Year-

1994). Older individuals of both sexes initiated and class success ter.ded to be statistically associated with

completed spawning later, and spawned for a longer large-scale meteorological pattems. Campana et al.

period of time, than younger individuals (Hutchings (1989) also did not find evidence that cod year-class

and Myers 1993). The 1.2-1.6-mm diameter egg is strength was related to egg or larval abundance.
pelagic. Newly-hatched larvae are about 4 5 mm in However, abundance of both pelagic and demersal

length and growth over the first nine months averages juveniles did appear to reflect year-class strength,
about 0.21 mm/ day (Bolz and Lough 1988). In well- Sources of mortality were not identified, but the
mixed waters the eggs and larvae are distributed mortality between the larval and juvenile stages was

throughout the water column (Lough and Poner 1993). inversely correlated to year-class strength. Timing of

However, when lengths reach 6 to 8 mm, larvae develop local physical and biological events were thought to

a diel behavior. During the day, larvae are found be important for recruitment success. Brander and

predominantly near the bottom and at night from mid- Hurley (1992) found that cod spawning during spring

depths to the surface in unstratified waters and at the moved progressively later from southwestto northeast

5-40
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!

in Nova Scotia waters and matched peak abundance Atlantic cod larvae typically exhibited a bimodal

of the copepod Calanusfnmarchicus. His may be annual' occurrence, with one peak from November

consistent with a * match-mismatch" hypothesis (Cushing through February and a second, larger peak from April ;

!
19g4) for successful reproduction in that cod spawning through July (NAI 1993). To compare abundances

is coupled with copepod production, but definitive among years and stanons, only data from April through i

relationships remain to be demonstrated (Brander and July were used. Dere was a decrease in larval densities t

I

Hurley 1992). during the 1970s, but annual abundances have remained
!

relatively stable and very similar at all stations from

Because of its long history of exploitation, fishing 1980 to the present (Figure 5-1l). This decrease in

mortality has also played a key role in determining abundance was evident in the comparison ofpreopera-

Atlantic cod abundance Annual sport and commercial tional and operational geometric means (Table 5-13),

landings for the Gulf of Maine averaged about 15,100 but the decline occurred about 10 years before plant

metric tons during 1972-82 and 13,100 metric tons operation. ,

for 1983-89, but rose to 18,700 metric tons in 1990
and to a record 20,300 metric tons in 1991 (NFSC At Seabrook Station, larger Atlantic cod were taken

1993). Landings decreased 43% to 11,600 metric tons year-round by the trawl sampling program, but
in 1992, but commercial otter trawl effort remained consistent with their annual movements, catches were

at near-record high levels. De catch has been highest in spring and fall and lowest in summer (NAI

dominated by the strong 1987 year-class, which 1993). Annual geometric mean CPUE was nearly

accounted for about 55% of the 1992 landings. always greater at the two farfield stations (particularly !

:Recruitment since 1988 has been average or below T3) than at the nearfield station T2 (Figure 5-11). This

average and spawning stock biomass is arW to was attributed to differences in habitat between T2 and

remam at record low levels. hanaa of declining stock the other stations (NAI 1993). Overall, cod abundance
.

'
biomass and continued high rates of fishing, the Gulf was relatively stable from 1978-83 and then decreased

of Mame Atlantic cod stock is considered overexploited An increase in numbers followed until a peak was ,

'

j (NFSC 1993). reached in 1988, perhaps due to the contribution of
i the strong 1987 year-class. Abundance then declined

Atlantic cod eggs in ichthyoplankton collections were abruptly to very low levels, particularly in 1992.
'

usually grouped as Atlantic cod / haddock because it However, a large increase in abundance occurred in

I was difficult to distinguish between these two species; 1993, especially at T3, but abundance at T2 remained

this aggregation also included witch flounder eggs. depressed. In 1994 abundances decreased sharply at
'

,

; nese taxa have been dominant during the winter and Stations T1 and T3, and remained low at T2. Bonom

! carly spring (Table 5-3). Examination oflarval data water temperatures during the operational period

| since July 1975 indicated that the percent composition increased steadily since 1990 and were significantly ;

among all larvae collected was 0.49% for Atlantic cod, higher than during the recent preoperational period at -

0.02% for haddock, and 1.05% for witch flounder. all stations (see Section 2.0 - Water Quality). Bonom
;

Assuming a relatively similar hatching rate, it would water temperatures in 1994 were higher than both the'

f appear that Atlantic cod and witch flounder eggs preoperational and operational averages. Water

; predominated in this egg group Atlanti: cod eggs have temperature may have affected inshore abundances,

also been dominant in the late fall and early winter especially if the temperature at the nearfield station,'

(Table 5-3), before the spawning seasons of haddock even if not raised by station operation, was above the
,

and witch flounder (Bigelow and Schroeder 1953). preferred range for Atlantic cod.'

'

;
.
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An ANOVA applied to Atlantic cod trawl data of codfishes, the pollock is highly fecund with an

indicated that catch during the operational period was average production of 225,000 eggs and with a 10.7 kg"

significantly less than during the preoperational period, female capable of spawning over 4 million eggs |<

and there were no significant differences in larval (Bigelow and Schroeder 1953). The pelagic egg is

density between periods (Table 516). Given the 1.04-1.20 mm in diameter (Markle and Frost 1985)
,

"

reported decreases in the Gulf of Maine stock and andnewly-hatchedlarvaeare3 4mminlength(Fahay
.

d

j continued low recmitment reported by NFSC (1993), 1983). First-year growth is rapid and young can often

j this was not unexpected for the trawl data. The be very abundant along Gulf of Maine coastal beaches ,

ANOVA interaction terms for both trawl and ichthyo- (MacDonald et al.1984), rocky subtidal areas (Ojeda [

plankton data were not significant, indicating a similar- and Dearbom 1990), and apparently even use tide pools#

pattem in annual abundance at all stations during both as a nursery (Moring 1990). Young grow rapidly and !

the preoperational and operational periods. An by fall can achieve lengths of 215 mm (Ojeda and 3

|
estimated 167 Atlantic cod have been impinged at Dearbom 1990) before they move offshore for the

Seabrook Station since 1990 (Appendix Table 5-2). winter. j

Egg and, in particular, larval entrainment has been ;

relatively low (Table 5-6), given the high fecundity Combined U.S. and Canadian landmgs for the Sconan

and source population size of Atlantic cod in the Gulf Shelf, Gulf of Maine, and Georges Bank regions

of Maine. Furthermore, year-class suu:ess was iw ! from a yearly average of about 38,200 metric |

apparently related to large region-wide events aficeting
tons in 1972-76 to 68,500 metric tons by 1986, with

survival of pelagic and demersal juveniles. Thus, it U.S. landings alone in 1986 of 24,500 metric tons j

is very likely that decreases in abundance are due to (NFSC 1993). Recreationallandmgs fi'" between :_

regional declines in Atlantic cod abundance and to a 100 and 1,300 metric tons. Based on National Marine f

naturally-occurring increase in temperature. These Fisheries Service trawl surveys, biomass of pollock

changes have no relation to the operation of Seabrook in the Gulf of Maine and on Georges Bank has

Station. decreased sharply during the 1980s from a peak in the
late 1970s and has remained relat vely low in recent ji

years. During this period, the estch of pollock was ,

5.3.3.4 Pollock dominated by several moderately strong year-classes

that occurred every three to foar years, including those

The pollock is one of the most pelagic of all the from 1975,1979, and 1982. More recently, the 1987 |

gadids and is often found in large schools. It is a cool- and 1988 year-classes appe ed to be above the long- 3

water species, preferring water temperatures of 7.2- term mean and accounted for about half the landings
,

8.6*C and is not found in waters exceeding 18.3*C in 1992. The 1989-91 year-classes, however, are below

(Scott and Scott 1988). Pollock may reach a length average in abundance. The pollock stock is considered
'

of 107 cm and a weight of 32 kg. Found from by NFSC (1993) to be fully exploited.

southwest Greenland to Cape Lookout, NC (Bigelow
and Schroeder 1953), it is most abundant on the Scotian Pollock eggs and larvae were collected in relatively

Shelf and in the Gulf of Maine (NFSC 1993). Adults low density (Tables 5-3 and 5-4). Larval pollock j
>

move into the southwestem Gulf of Maine in fall or abundance generally peaked during November through ;

early winter to spawn, which mostly occurs from February (NAl 1993). There was an evident decline |
,

f
November through February (Colton et al.1979). The in the geometric mean density between the preopera-

median age and size of maturity for female pollock tional and operational periods, with large annual

is two years and 39.1 cm (O'Brien et al.1993). Typica!
;

;
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TABLE 5-16. RESULTS OF ANALYSIS OF VARIANCE FOR ATLANTIC COD DENSITIES BY SAMPLING PROGRAM.
'

SEABROOK OPERATIONAL REPORT,1994.

PROGRAMI SOURCE OF VARIATION di MS F MULTIPLE COMPARISONS
MONTHS USED OF ADJUSTED MEANS

Ichthyoplankton Preop-Op' 1 0.54 1.11 NS
(Apr-Juf) Year (Preop-Op)* 6 0.56 1.06 NS

(1987-1994) Month (Year)* 24 0.58 4.09"*
Station * 2 0.12 6.47 NS
Preop-Op X Station' 2 0.02 0.19 NS
Station X Year (Preop 4)p)' 12 0.10 0 69 NS
Error 318 0.14

Trawl Preop-Op' 1 5.65 4.69 * Op< Preop

(Nov-Jul) Year (Preop-Op) 17 1.19 5.65 *"
(1975-1994) Month (Year) 152 0.17 3.17 *"

Station 2 3.97 36.71 * Non. est.
Preop-Op X Station 2 0.11 1.12 NS
Station X Year (Preop-Op) 34 0.10 1.80 "
Error 303 0.05g

* Preop-Op compares 1991-1994 to 1967-1990 regardless of station. NS = Not significant (p>0.05)
* Year nested within preoperational and operational periods regardless of station. * = Significant (0 05hp>0.01)
* Month nested within Year. " = Highly significant (0.0t hp>0.001)
* Stations regardless of year or period "* = Very highly significant (0.001 hp)
* Interaction of the two main effects, Preop-Op and Station.
' interaction of Year and Station nested within Preoperational and Operational periods
* Preop-Op compares 1990-1994 to 1975-1990 regardless of station.
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: fluctuations occurring during the rmpdional period grounds off Northern New England. They. most

! (Table 5-13; Figure 5-12). Except for 1985, annual commonly co-occur in the Gulf of Maine (Musick

abundances have been similar at all stations. 1974). Similar in appearance and in many aspects of

their biology, other femmres differ considerably. Some
_

,

Pollock have been collected by gill net near Seabrook of the most distinguishing ch.chnistics between these

Station from spring through fall and were generally two species are in specific geographical distribution

absentin winter (NAI 1993). Annual geometric mean and in size attained. The red hake is found in more

CPUE varied considerably from year to year, with no shallow waters of the inner continental shelf,

single station producing consistently high or low catches predominantly in depths of 73 to 126 m (Musick 1974). ,

(Figure 5-12). Fluctuations observed may have It occurs in water temperatures of 5 to 12*C, but

corresponded to the successive presence of fish from apparently prefers a range of 8-10*C and avoids waters

dominant and weak year-classes reported by NFSC colder than 4*C. In the Gulf of Maine, red hake are

(1993). Catch decreased slightly in 1994 compared found inshore for spawning, but disperse offshore

to 1993, but was higher than in 1992 and 1991. following spawning. Except for young, most white
,

'
-

hake are typically found in deeper (2001,000 m) water

The ANOVA for gill net catch data and larval density than red hake and are considered to be inhabitants of

showed no significant differences between preopera- the outer shelf and continental slope. Temperature

tional and operational periods (Table 5-17). The preferences (5-ll*C), however, are similar to that of
;

interaction terms for both gill net and ichthyoplankton the red hake. Current estimates of median size and

sampling were not significant, suggesting that plant age of maturity for females are 26.9 cm (1.8 years)

operation has not affected abundance. Relatively few
for red hake and 35.1 cm (1.4 years) for white hake

eggs and larvae were entramed (Table 5-6), but pollock (O'Brien et al.1993). Maximum size of the white hake
ranked second among fishes impinged at Seabrook is 135 cm, much larger than the maximum of 50 cm

Station from 1990-94, with estimated total of 2,137 for the red hake (NFSC 1993).'

fish (Appendix Table 5-2). Nevertheless, this is a
relatively small number for such a widespread and The white hake is highly fecund with a 70 cm female

abundant species. It is likely that the catch ofjuvenile producing 4 million eggs and a 90-cm fish about 15

and aduk pollock near Seabrook Station suflects natural million (Scott and Scott 1988). Most white hake

variability in annual abundance pattems of the Gulf spawning occurs in spring on the continental slope south

of Maine stock. No changes in abundance or of the Scotian Shelf and Georges Bank, and off

distribution can be attributed to station operation. Southem New England (Fahay and Able 1989; Comyns

and Grant 1993). Red hake spawn mostly during
summer and full in mid-shelf areas. Eggs of both

5.3.3.5 Hakaa species are pelagic and are similar in size (range of
0.63-0.97 mm; Fahay 1983; Markle and Frost 1985). |

Three species of hake (genus Urophycis) are found Newly-hatched larvae of both hakes are neustonic

in the Gulf of Maine: red hake, white hake, and spotted (Hermes 1985) and evenjuveniles remain pelagic for

hake. The spotted hake, however, is apparently quite a considerable time, until 25-30 mm for the red hake

rare in this area (Bigelow and Schroeder 1953; Scott (Steiner and Olla 1985) and 50-80 mm for the white
and Scott 1988) and is not important to the fisheries. hake (Markle et al.1982). Growth of young is rapid

For these reasons, it wili not be discussed below. Both and can average about 1 mm/ day (Fahay and Able

the red and white hakes are common in the Northwest- 1989). Larger juveniles of both species tend to be

em Atlantic Ocean, particularly on sandy or muddy found closer to shore. White hake juveniles recruit
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TABLE 5-17., RESULTS OF ANALYSIS OF VARIANCE FOR POLLOCK DENSITIES BY SAMPLING PROGRAM.
SEA 8 ROOM OPERATIONAL REPORT,1994.

PROGRAMI SOURCE OF VARIATION di MS F MUt.TIPLE COMPARISONS
OF ADJUSTED MEANSMONTHS USED

Ichthyoplankton Preop-Op* 1 5.45 2.51 NS

(Nov-Feb) Year (Preop-Op)* 6 2.20 2.62 NS

(1986-1994) Month (Year)* 24 0.96 5.83 "*
Station * 2 0.54 25.68 * PS P2 P7
Preop-Op X Station * 2 0.02 0.42 NS
Station X Year (Preop-Op)' 12 0.05 0.30 NS
Error 324 0.16

Gill Net Preop-Op' 1 <0.01 0.02 NS

(Apr-Dec) Year (Preop-Op) 16 0.06 0.94 NS

(1976-1994) Month (Year) 144 0.05 4.48 "*
Station 2 0.08 15.61 NS
Preop-Op X Station 2 0.01 0.28 HS*

Station X Year (Preop-Op) 32 0.02 2.08 "
m Error 288 0.01
L

* Preop-Op compares 1990-1993 to 1986-1990 regardless of station. NS = Not signilicant (p>0.05)
* Year nested within preoperational and operational periods regardless of station * = SigniReant (0.052p>0.01)

* Month nested within Year. ** = Highly significant (0.012p>0.001)

* Stations regardless of year or period "* = Very highly signelicant (0.001 hp)
* Interaction of the two main effects, Preop-Op and Station.
' interaction of Year and Station nested within Preoperatonal and Operational periods
* Preop-Op compares 1991-1994 to 1975-1989 regardless of station.
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inshore in June and July (Fahay and Able 1989) and during early development and, therefore, at times were

red hake from September to December (Steiner et al. grouped as fourbeard rockling/ hake. Hake and

1982). Many young red hake are inquiline and live fourbeard rockling/ hake eggs were the predominant |

within the mantle cavity of the sea scallop (Placopectin eggs collected during the late summer and early fall

magellanicus) until they outgrow this commensal host (Table 5-3). Hake larvae generally peaked during July

(Steiner et al.1982; Garman 1983; Luczkovitch 1991). through September (NAl 1993). During the preopera-

Other red hake, however, find shelter under shell or tional period, catch remained relatively stable; catch

other bottom structures (Steiner et al.1982). was more variable during station operation, with the

largest annual mean in 1990. Larval density 1992 and

Based on the depth distribution of the red and white 1993 were among the years oflowest abundance (NAl

hake, red hake is probably the most common hake in and NUS 1994). In 1994 larval density increased to

the study area. Commercial fishing landings of red the third highest recorded (Figure 5-13). Low

hake in the Gulf of Maine and from the northem abundances in 1991-93 were also apparent in the

Georges Bank are currently very low (< 1,000 metric comparison of preoperational and operational geometric

tons), with an average of only 1,100 metric tons landed means (Table 5-13).

over the period of 1977-92 (NFSC 1993). The NMFS
trawl survey index showed an increasing trend in Hake have been taken year-round in trawl sampling,

abundance from the mid-1970s to a peak in 1990; but peak catches were made from June through October,

indices decreased in 1991 and 1992, but remained near with a Sharp decrease occuning in November (NAl

the long-term average. Although year-classes produced 1993). Generally, catches at the nearfield station T2

since 1985 were termed moderate in strength, NFSC were smaller than at Tl or T3 and trends were
(1993) concluded that the red hake is underexploited consistent within the preoperational and operational ;

and could sustain much higher catches. In contrast, periods (Figure 5-13). As for the Atlantic cod, the

although taken primarily in non-directed fisheries, white area near T2 may not be a preferred habitat for hake.

hake landings in the Gulf of Maine (primarily from Geometric mean CPUEs were highest in 1977,1978,

the westem portion) are currently high, being exceeded and 1981. Since then, a general decreasing trend has

only by those for the Atlantic cod (NFSC 1993). been observed with smaller peaks seen every three to

Previous landings peaked at 7,500 metric tons in 1984, four years. CPUE for 1992,1993 and 1994 were the

declined to 5,500 metric tons in 1990, but recently three lowest of the time-series.

increased to an historic high of 9,600 metric tons in
1992. NMFS trawl survey indices have fluctuated The ANOVA detected significantly larger preopera-

considerably, but indications are that abundance tional abundances than operational abundances for the

increased in 1991 and 1992. NFSC (1993) concluded trawl, but not for ichthyoplankton collections (Table

that, on the basis of the stability of stock biomass since 5-18). However, the interaction term was not

1981, the white hake is fully exploited and can sustain significant, suggesting there were no plant operational

annual commercial landings of about 6,500 metric tons. effects. Entrainment estimates for hake eggs and larvae

This species may be overharvested if landings (such during 1994 were the lowest since Seabrook Station

as those in 1992) begin to continually exceed this level, began operation, because of a lack of sampling during

The recreational landings of both hakes in the Gulf nearly all of the seasonal period when hake eggs and

of Maine are insignificant. larvae normally occur. The highest values occurred
in 1990, the year when larvae were most abundant

Hake eggs collected in ichthyoplankton samples are (Table 5-6; Figure 5-13). An estimated 2.889 hake

difficult to distinguish from fourbeard rockling eggs have been impinged at Seabrook Station since 1990
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TABLE 5-18. RESULTS OF ANALYSIS OF VARIANCE FOR HAKE * DENSITIES BY SAMPLING PROGRAM.
SEABROOK OPERATIONAL REPORT,1994.

PROGRAuf SOURCE OF VARIATION df MS F MULTIPLE COMPARfSONS
MONTHS USED OF ADJUSTED MEANS

Ichthyoplanklon Preop-Op' 1 <0.01 <0.01 NS
(Jul-Sep) Year (Preop-Op)* 6 5.16 2.29 NS
(1986-1994) Month (Year)* 16 2.37 5.28 *"

Station * 2 0.33 1.03 NS
Preop-Op X Station' 2 0.32 0.98 NS
Staeon X Year (Preop-Op)* 12 0.33 0.73 NS
Error 247 0.45 i

Trawl Preop-Op" 1 4.25 10.25" Op< Preop

(Nov-Jul) Year (Proop-Op) 17 0.33 0.72 NS ,

(1976-1994) MonIh (Year) 152 0.48 8.91 *"
Station 2 0.83 6.52 NS
Preop-Op X Station 2 0.12 3.27 NS |

Station X Year (Preop-Op)* 34 0.04 0.68 NS !w

h Error 303 0.05 [

* May include red hake, while hake, spotted hake, or more than one of tiese species.
* Preop-Op compares 1991-1994 to 1986-1989 regardless of station, * = Signdicant (0.05mp>0.01)
* Year nested within preoperauonal and operational penods regardless of station. " = Highly signdicant (0.012p>0.001)
d Month nested within Year. *** = Very highly signdicant (0.0012p)
* Stations regardless of year or penod.
' Interaction of the two main ettects, Preop-Op and Station.
'interschon of Year and Station nested within Preoperational and Operahonal penod
* Preop-Op compares 1990-1994 to 1976-1990 regardless of station.

f

!

!

Y

l
t

1

.

>'
.

. ,_



- . - - - - . _- . . _- - - -. - _-

FISH

(Appendix Table 5-2). The apparent trend in abundance development (Conover and Kynard 1981; Conover and

as measured by trawl CPUE at Seabrook Station differs Fleisher 1986). However, this mechanism may not
'

from the trend in indices reported by NFSC (1993) be as important for northem populations because of

for these species. Since 1976, the NFSC research trawl the temporally reduced spawning season in more

index for red hake has fleM considerably, but with northem waters (Conover 1992). Larvae are planktonic,

an increasing trend (NFSC 1993). Commercial landings but remain near the spawning areas. Growth of young

have remained uniformly low throughout this period. is fast and mean lengths can exceed 90 mm by

White hake have fluctuated without a long-term trend, November (Conover 1979). As the lower lethal

but recent increases have occurred in both the trawl temperature for Atlantic silverside is about 1-2*C (Hoff

survey index and in landings. Some unknown factors - and Westman 1966; Conover and Murawski 1982),

may be reducing hake abundance in the Hampton- inshore distribution in northem areas is limited in

Seabrook area, but it is very unlikely that the operation winter. Atlantic silverside undertake an offshore

of Seabrook Station has affected the hakes, as the local migration in winter to inner continental shelf waters,

decline began in the early 1980s and occurred with most fish caught within 40 km of the shore and

~ consistently at all stations. In addition, failing to at depths less than 50 m (Conover and Murawski 1982).

distinguish among the hake species may have It is during this period that high (up to 99%)

confounded these analyses, overwmtering mortalitytypically occurs, with apparently

mostly fish larger than 80 mm able to sun ive the winter

(Conover and Ross 1982; Conover 1992). ;
,

5.3.3.6 Atlantic Silverside ,

Atlantic silverside have been only numerous in the

The Atlantic silverside is a small, short-lived seine sampling program and were taken throughout

schooling fish that is ecologically important as a the August through November sampling season (NAI
~,

consumer of zooplankton and as prey for many larger 1993). Most of these fish were likely young-of-the-

fishes and birds (Bengston et al.1987). Found in bays, year. Geometric mean CPUE was highest from 1976

salt marshes, and estuaries from the Gulf of St. through 1981, whereupon catch L.;i Since then,

.

Lawrence to northem Florida, the Gulf of Maine is CPUE has fluctuated around a lower and more

| near the northem end ofits range (Conover 1992). consistent average level to the present (Figure 5-14).

|
Most Atlantic silverside complete their life cycle within Catch at each station tended to follow similar pattems,

one year and, typically, few older fish are found in although it varied somewhat more at S2 than at S1'

the population. Spawning begins at about 9-12*C, or S3. No significant differences were found between
;

|
which restricts spawning to May through July in the geeH&ional and operational periods, among

northem areas (Conover and Ross 1982; Jessop 1983; stations, or for the interaction term (Table 5-19). An

Conover and Kynard 1984). Fecundity within a esumated 5,579 Atlantic silverside have been impinged

Massachusettspopulation ranged from 4,725 to 13,525 since Seabrook " ' ion began operation (about 96%
,

eggs per female (Conover 1979). These eggs may be of the total in December 1994; Appendix Table 5-2)-

released during at least four separate periods of ripening and no eggs or larvae were entrained (Table 5-6). The

and spawning. Spawning occurs during daylight, discharge from the Seabrook Station settling basin no
,

coincides with dates of full and new moons and is longer enters Hampton-Seabrook Harbor and, therefore,

apparently synchronized with tides (Conover and marine biota there should no longer be potentially'

Kynard 1984). The adhesive eggs are laid in shallow affected by it. As few Atlantic silverside have been

water on vegetation. Gender of Atlantic silverside is harmed by station operation to date and because the

determined largely by water temperature during larval decline in seine CPUE occurred before plant start up.

;
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1

|

it is reasonable to assume that the continued operation quiescent at night and torpid in winter (Olla et al.1975, j

of Seabrook Station will nor have any deleterious effect 1979). In faff, when water temperatures fall below

on this species. about 8'C, cunner move into cover to overwinter (Green

and Farwell 1971; Green 1975; Dew 1976; Olla et al.

1979). Although generally remaining within 2 m of

5.3.3.7 Canner temtonal shelters, some cunner will move to ==enally

L-oruy habitats (e.g., mussel beds, macroalgae) after

"Ibe cunner, found fmm Newfoundland to %%e emerging from winter shelter when spring water
Bay (Scott and Scott 1988), is one of the most common temperatures reach 5 or 6*C (Olla et al. 1975, 1979).

fishes in the Gulf of Maine (Bigelow and Schroeder Cunner reach maturity at small (70-90 mm) sizes i

1953). A small fish residing in inshore waters, few and at age-1 or 2, depending upon latitude and j

cunner measure over 31 cm, although fish as large as corresponding length of the growing season (Johansen

38 cm are occasionally taken in deeper waters (Johansen 1925; Dew 1976; Pottle and Green 1979). Cunner are

1925; Bigelow and Schroeder 1953). Most cunner are serial spawners; pairs spawn within male ter7itories, )
closely associated with structural habitats, such as rocks, or aggregations of fish spawn together during late j;

'

tidepools, shellfish beds, pilings, eelgrass, and afternoon or early evening (Pottle and Green 1979).
'

macroalgae. Cunner exhibit both diel and seasonal he reproductive season lasts from May through4

behavior in that they remain under cover and become September, with peak spawning observed by Dew
4
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TABLE 5-19. RESULTS OF ANALYSIS OF VARIANCE FOR ATLANTIC SILVERSIDE DENSITIES BY SAMPLING PROGRAM.
SEABROOK OPERATIONAL REPORT,1994.

PROGRAMI SOURCE OF VARIATION df MS F MULTIPLE COMPARISONS

MONTHS USED OF ADJUSTED MEANS

Seine Preop-Op* 1 3.68 4.78 NS

(Apr-Nov) Year (Preop-Op)* 15 0.89 0.40 NS

(1976-1994) Month (Year)* 116 2.21 18.01 *"
Station * 2 0.01 0.12 NS
Preop-Op X Station * 2 0.02 0.19 NS
Station X Year (Preop-Op)' 30 0.13 1.05 NS
Error 232 0.12

* Preop-Op compares 1991-1994 to 1976-1984 and 1986-1989 regardless of station. NS = Not sigrWicant (p>0.05)
* Year nested within preoperational and operational periods regardless of station. * = Significant (0.05mp>0.01)

* Month nested within Year. ** = H@dy significant (0.01 ap>0.001)
* Stations regardless of year or period *" = Very highly significant (0.0012p)
* Interaction of the two main effects, Preop-Op and Station.
' Interaction of Year and Station nested within Preoperational and Operational petiods.

!
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. (1976) during June in Fishers Island Sound. Eggs are Mean density of cunner larvae in 1994 was greater than

pelagic and range from 0.75 to 1.03 mm in diameter both the preoperational and operational mean densities

(Wheatland 1956); average size of eggs decreases over (Table 5-13), and slightly lower than densities observed
4

i the season with increasing water temperature (Richards in 1993 (Figure 5-15). In 1993, larval abundance

I 1959; Williams 1967). Williams et al. (1973) reported increased greatly relative to 1992, when abundance

[ that only about 5% of cunner eggs survived to hatching was at an all-time low (Figure 5-15). The results of

and speculated that predation, particularly by the ANOVA indicated that during the period when all

! ctenophores, was responsible for the losses. Eggs hatch three stations were sampled and cunner larvae were
'

; in 3 d at water temperatures of 12.8-18.3*C (Bigelow present, there were no significant differences between

and Schroeder 1953). Newly-hatched larvae are 2 to the preoperational and operational periods (Table 5-20).

3 mm in length and settle into preferred habitats when No members of the cunner /yellowtail flounder egg
;

j 8 to 9 mm long. group were entrained in 1994, primarily due to a plant ;

outage during the summer season of high abundance.'

Presently, cunner have no commercialvalue, although Previous to 1994, this group has ranked first or second
;

large quantities were apparently landed during the late each year since entrainment sampling was started in
|

; I 800s and early 1900s(Bigelow and Schroeder 1953). June 1990 (Table 5-6). Larval entrainment since 1990

| Although the cunner is not primarily sought after, has ranged from 0 to 14.7 million. The large difference ,

| numerous fish are caught by recreational fishermen between egg and larval entramment estimates can
'

j throughout New England. Because of its restricted largely be attributed to the high mortality during the

inshore habitats and the lack oflandings data, no large- egg stage (Williams et al.1973). Recent 24-hour diel
'

| area, long-term abundance indices are available for studies have indicated that most of the egg mortality

the cunner, occurs shortly after spawning (NUSCO 1994a). Also,

| the lack of sampling in August and September of 1991 ;
4

Cunner eggs and larvae were dominant in the and in September of 1992 contributed to the low ,

| ichthyoplankton program (Tables 5-3 and 5-4). Cunner entramment estimates for cunner larvae.
'

I eggs were grouped with yellowtail flounder (cunner /yel-

lowtail flounder). His group also included tautog eggs, Relatively few cunner have been taken by ouer trawl, |'

! although tautog adults were probably not abundant in gill net, or seine. Most occurrences were merded from

j the Hampton-Seabrook area, which is located near the April through November, which likely corresponds

[ northem end of their distribunonal range (Bigelow and to the period of greatest cunner activity in New

j Schroeder 1953). Tautog have only accounted for Hampshire waters. An estimated 81 cunner were ;

0.04% of the larvae collected since July 1975. A impinged at Seabrook Station during 1990-94, despite

comparison of cunner and yellowtail flounder larval the potential of the offshore intake structure to attract i

: abundance indicated that most of the eggs in the cunner (Appendix Table 5-2).

| cunner /yellowtail flounder group were cunner, assuming i

a relatively similar hatching rate between the two
;

: species (Table 5-13). De annual abundance ofcunner 5.3J.8 American Sand Lance

larvae has greatly fluctuated from year to year, but ;

! similar annual densities occurred at all stations since Both the American sand lance (Ammodyres

: sampling at all three stations began in July 1986, with americanus) and the northem sand lance (A. dubius)
the exception of 1994 (Figure 5-15). In 1994, density may be taken inshore in the Gulf of Maine (Winters

;

increased at Station P7 (farfield) and P2 (nearfield for and Dalley 1988: Nizinski et al.1990). However, the

intakes), and decreased at PS (nearfield for discharge). latter species is more common in deeper, offshore
,

,
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9

, . waters and all sand lance collected in Seabmok Station
et al.1979). Spawning occurs in inshore waters from

studies are referred to as the American sandlance.'Ihis
November through March with a peak in December

|
species is found from Labrador to Chesapeake Bay and January. Sand lance are well-adapted for winter

(Richards 1982; Nizinski et al.1990) and in the Gulf spawning and embryonic development can occur in
;

of Maine is usually found in depths of 6 to 20 m temperatures as low as 2*C (Buckley et al.1984). Eggs

(Meyer et al.1979). Found in schools ranging from
are demersal and adhesive, forming clumps,with sizes'

hundreds to tens of thousands, sand lance are an ranging from 0.67 to 1.03 mm (Williams et al.1964;
<

important tmphic link between zooplankton and larger Smigielski et al.1984). Embryonic development is

|
fishes, birds, and marine mammals (Reay 1970;Meyer lengthy, resulting in a well-developed larva of about

,

et al.1979; Overholtz and Nicolas 1979; Payne et al. 6 mm in length at hatching. Lawae have ample
!

endogenous energy reserves and can survive long
|

1986; Gilman 1994).
periods without food (B uckley et al.1984; Monteleone

|

Sand lance can live up to nine years, but populations et al.1986). Lawal development is also lengthy, with ;

are d=iW by the first three age groups (Reay 1970). metamorphosis occurring at sizes of 29-35 mm in 131 |
.

|
American sand lance can mature at age-1 at sizes of days at 4*C and 102 days at 7*C (Smigielski et al.

|
90 to 115 mm (Richards 1982). Maximum size 1984). This long period of development results in j

commonly observed is about 23-24 cm (Meyer et al. larvae being dispersed widely over continental shelf i

;

1979; Richards 1982). An 18-em female American areas (Richards and Kendall 1973), even though most

sand lance is capable of producing 23,000 eggs (Westin spawTiing occurs inshore.

5-55
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TABLE 5-20. RESULTS OF ANALYSIS OF VARIANCE FOR CUNNER DENSITif'.S BY SAMPLING PROGRAM.
SEABROOK OPERATIONAL REPORT,1994.

.

.-__

PROGRAMI SOURCE OF VARIATION df MS F MULTIPLE COMPARISONS
MONTHS USED OF ADJUSTED MEANS

Ichthyoplankton Preop-Op* 1 8.78 0.67 NS
(Jun-Sep) Yest (Preop-Op)* 5 13.14 1.11 NS
(1987-1994) Month (Year)* 21 12.38 17.55 *"

Station' 2 0.47 4.17 NS
Preop-Op X Station * 2 0.11 0.66 NS ,

Station X Year (Preop-Op)' 10 0.17 0.24 NS
Error 293 0.71

* Preop-Op compares 1991-1994 to 1987-1989 regardless of station. NS = Not significant (p>0.05)
* Year nessed within preoperational and operational periods regardless of station. * = Significant (0.05mp>0.01)
* Month nested within Year. " = Highly s' nificant (0.012p20.001)a
* Stations regardless of year or period "* = Very highly signdicant (0.0012p)
* Interachon of the two main effects, Preop-Op and Station.

& ' Interaction of Year and Station nested within Preoperational and Operational period
m

i
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et al.1987), have become very abundant as sand lance and 5-13). Its eggs have not been collected in

abundance decreased. Another factor noted to affect ichthyoplankton samples because they are demersal

sand lance reproduction and recruitment is water and adhesive. Larvae generally occurred from

temperature, as Monteleone et al. (1987) suggested December through June or July, with peak abundances

that warm December temperatures were associated with pcesent during January through April (NAI 1993).

Iow larval densities. Larval abundances in the Hampton-Seabrook area have

declined since the early 1980s, but appear to be

Larval sand lance abundance in 1994 was higher increasing in the operational period (Figure 5-16).

than the preoperational period average, and similar to These declines were also apparent in other areas of

densities in the 1970s and early 1980s (Table 5-13; the Northwest Atlantic Ocean. Larval densities in Long

Figure 5-16). Annual geometric means have increased Island Sound over a 32-year period (1951-83) were

steadily since 1991. The Station X Preop-Op interaction highest in 1965-66 and 1978-79, with the latter years

term was significant, indicating a potential impact due corresponding with a peak observed throughout the

to plant operation (Table 5-21). Larval density at entire range of American sand lance (Monteleone et

Station P7 (farfield) was lower than other stations
al.1987). Similarly, larval sand lance densities were

during the preoperational period, but was similar to very high in Niantic Bay, CT from 1977 through 1981,

the other stations during the operational period (Figure with present densities an order of magnitude lower

5-17). American sand lance larvae were a dominant
(NUSCO 1994a). Nizinski et al. (1990) also reported

species in entramment collections during 1991-94 (Table a peak in sand lance abundance throughout the

5-6); their absence in entramment samples during 1990 Northwest Atlantic in 1981, with numbers declining

can be anributed to the start of sampling in June, which since then. Sand lance abundance was noted to be

was after their season of occurrence, inversely correlated with that of Atlantic herring and
j Atlantic mackerel (Sherman et al.1981; Nizinski et

Very few American sand lance have been taken by al.1990). Sand lance likely increased in abundance,i

j Seabmok Station adult fish sampling programs. A few replacing their hernng and mackerel competitors, which

! fish were taken sporadically by otter trawl, mostly had been reduced by overfishing in the 1970s (Sherman

! during January through March in 1978,1979, and 1981. et al.1981). In more recent years, Atlantic mackerel,

Several hundred or more sand lance were occasionally which can prey heavily upon sand lance (Monteleone
!

taken by seine, but most catches were small and Maximum size recorded in recent years has been 47

occurred infrequently. Again, abundance was highest cm and 1.3 kg (NFSC 1993), but most fish average
!

during the late 1970s. An estimated 1,249 fish have 32-36 cm (Scott and Scott 1988). The median size

been impinged at Seabrook Station since 1990 of maturity for mackerel is about 26 cm, at approxi- |

(Appendix Table 5-2). mately age-2 (O'Brien et al.1993). Atlantic mackerel
exhibit a distiret pattern of extensive annual move-'

ments; fish can migrate in excess of 2,200 km (Parsons

5.3.3.9 Atlantie Mackerel and Moores 1974). Atlantic mackerel overwinter
offshore along the edge of the continental shelf (Ware

The Atlantic mackerel is a strongly schooling fish and Lambert' 1985) and, in spring, move inshore.

found from Labrador to Cape Lookout, NC that prefers Temperature is apparently one of the dominant factors

a temperature range of 9 to 12*C (Scott and Scott 1988). influencing the spring distribution and rate of northward j

migration of Atlantic mackerel (Overholtz et al.1991).
.

American sand lance was the dominant larval taxon Two separate spawning components of Atlantic

collected in the ichthyoplankton program (Tables 5-4 mackerel have been recognized (Sette 1950; Berrien
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!

f 1978; Morse 1980). One group spawns progrez.dvely hatch in 5 to 7 days. Eggs are distributed neu the

| northward from mid-April through June in the Mid- surface, with 85% or more concentrated within the

! Atlantic Bight and the other spawns in the Gulf of St. uppermost 15 m (Ware and Iarnbert 1985; dei 4fontaine

Lawrence fmm late May to mid-August; peak spawning and Gascon 1989; D' Amours and Gregoire 1991).
;

occurs at about 13*C (Ware and Lambert 1985). Ware The hatched larvae are 3 mm in length, grow rapidly,

| (1977) and Lambert and Ware (1984) suggested that and develop a streamlined form early in life that enables

the Atlantic mackerel spawning season is relatively relatively high swimming speeds (Ware and Larnbett'

short and coincides with peak cW biomass. 1985). Larvae are often cannibalistic, preying on#

| Spawning stock size appears to exert little influence smaller individuals from younger cohorts (Peterson

i on recruitment, except at very low levels, and and Ausubel 1984; Ware and Lambert 1985). Young

i environmental factors likely have a major effect on from both spawning contingents reach an average size

! successfut reproduction (Anderson 1979). After of about 200 mm in late fall, even though their growing

spawning, the southern contingent moves into coastal seasons differ in length (Sene 1950; Wue and Lambert<

;- areas of the Gulf of Maine and the northern group 1985; D' Amours et al.1990).

remains in Canadian waters during summer and fall.
,

Presently, biomass of the Atlantic mackerel stock
,

Female Atlantic mackerel are serial spawners and is very high (NFSC 1993). Although two spawning ;

release five to seven successive batches of eggs; contingents exist, the species is managed as a single |

| fecundity ranges from 285,000 to almost 2 million eggs stock. Mackerel in the Gulf of Maine are primarily - i

| per female (Morse 1980). The 1.1 to 1.3 mm eggs landed from May through November by both sport and

,
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TABLE 5-21. RESULTS OF ANALYSIS OF VARIANCE FOR AMERICAN SAND LANCE DENSITIES BY SAMPLING PROGRAM.
SEABROOK OPERATIONAL REPORT.1994.

.

,

1

PROGRAMf SOURCE OF VARIATION eN MS F MULTIPLE COMPARISONS
OF ADJUSTED MEANSMONTHS USED

Ichthyoplankton Preop-Op* 1 1.54 0.69 NS

(Jan-Apt) Year (Proopop)* 6 1.73 0.52 NS

(1987-1994) Month (Year)* 24 3.71 7.08 *"
Station * 2 2.58 3.82 NS
Preop-Op X Station * 2 0.68 4.39 * 5 Op 5 Pre 2 Op 2 Pre 7 Op 7 Pre'

* Sta*fon X Year (Preop-Op)' 12 0.15 0.29 NS
Error 315 0.52

!

* Preop-Op compares 1991-1994 to 1987-1990 regardless of station. NS = Not signelicard (p>0.05)

* Year nested within preoperational and operational periods regardless of station. * = Sign 4 cant (0.05hp>0.01)

* Month nested within Year. ** = Highly signdcant (0.01 hp>0.001)

! * Stations regardless of year or period *** = Very higidy significant (0.00t hp)

| * Interaction of the two main effects, Preop-Op and Station.
' interaction of Year and Station nested within Preoperational and Operational periodm

h * Underlineng indicates no signi8 cant difference among least squares means at ps0.05.
,

\

|
|
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!

commercial fisheries. Landings from the U.S. (about (Table 5-22) and trends in abundance among stations

one third of the total) and Canada peaked at 400,000 appeared similar - within the preoperational and I

metric tons in 1973 and decreased to about 30,000 operational periods (Figure 5-18). De interaction term |

metric tons during the late 1970s, as apparently weak was not significant, indicating that the operation of

year-classes were found from 1975 through 1980. Seabrook Station did not affect the abundance or ,

Catches then increased steadily to 82,700 metric tons distribution of the Atlantic mackerel. Only an estimated |

in 1988, but declined again to 38,300 metric tons in 20 larger fish have been impinged at Seabrook Station |

1992; a very strong year-class was produced in 1982 since 1990 (Appendix Table 5-2). Large numbers of
!

and relatively good ones in 1984-88. With current eggs were entrained and mackerel eggs ranked first

spawning stock biomass estimated to exceed 2 million or second in annual entrainment estimates since 1990

metric tons, catches can be increased substantially (Table 5-6). However, relatively few(0-4.7 million) t

!

without affecting the spawning stock (NFSC 1993). larvae were entrained each year. As previously
discussed in the entrainment section, this may have

Atlantic mackerel was the second-most abundant
been related to the rapid developmental rate of Atlantic

egg taxon collected in the ichthyoplankton program mackerel, which results in larger larvae that can avoid j

(Table 5-4). De larvae were very abundant in ichthyo-
the intake. Atlantic mackerel biomass is currently very ;

plankton collections, but were not dominant in high and only an insignificant fraction of the egg L

entrainment samples (Tables 5-5 and 5-6). Larvae production of this highly fecund fish is entrained at ,

i

typically occurred from May through August (NAl the plant. '

1993) and larval abundance in 1994 was below the
preoperational and operational period average (Table

5-13). Annual larval abundances fle*M with a 5.3.3.10 Winter Flounder

peak at station P5 in 1981 (Figure 5-18). Since all

.

three stations were sampled (1986-94), similar densmes The winter flounder ranges from Labridor to Georipa |
:

were found at all stations, except for 1991. He results (Scott and Scott 1988), but is most common from Nova'

from the ANOVA indicated no significant difference Scotia to New Jersey (Perlmutter 1947). Maximum |

among stations or between preoperational and size of coastal fish is about 45 cm and 1.4 kg (Bigelow ,

operational periods; the interaction term was not and Schroeder 1953). Populations ofwinter flounder

significant (Table 5-22). are composed of reproductively isolated fish that spawn

in specific estuaries or coastal embayments (Lobell ,

Atlantic mackerel juveniles and adults were collected 1939; Perlmutter 1947; Saila 1961; NUSCO 1994b).
'

by gill net in the Seabrook station area from June North of Cape Cod, movements of winter flounder are

through November (NAl 1993). Annual geometric generally localized and confined to inshore waters ;

mean CPUE reflected trends noted by NFSC (1993), (Howe and Coates 1975). McCracken(1963) reported ,

with peak abundance observed in the mid-1970s that that winter flounder prefer tempwres of 12-15'C

decreased by about two-thirtis during the early 1980s and, except for spawning, will move to remain within

(Figure 5-18). Beginning in 1988, an overall increasing that range. However, others (Kennedy and Steele 1971;

trend was found, but geometric means have fluctuated Van Guelpen and Davis 1979) noted that movements

sharply from year to year. Results of the ANOVA for feeding and to avoid turbulence and ice also affect

showed no difference in catch between the precpra- distribution of northerly populations and Olla et al.

tional and operational periods, as mackerel are as (1969) reported observing adult fish in waters as wr

abundant now as they were in the 1970s (Table 5-22). as 22.5*C. Young-of-the-year are typically found in

There were no significant differences among stations
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TABLE 5-22. RESULTS OF ANALYSIS OF VARIANCE FOR ATLANTIC MACMEREL DENSITIES BY SAMPLING PROGRAM.
SEABROOK OPERATIONAL REPORT,1994.

PROGRAMf SOURCE OF VARIATION di MS F MULTIPLE COMPARISONS

MONTHS USED OF ADJUSTED MEANS

Ichthyoplankton Preop-Op* 1 0.01 0.02 NS

(Jul-Sep) Year (Preop 4)* 6 5.35 0.86 NS'

(1986-1994) Month (Yearf 23 8.94 9.98 ~
Station * 2 0.11 0.79 NS
Preop-Op X Station * 2 0.14 2.25 NS
Staten X Year (Preop-Op)' 12 0.05 0.06 NS
Error 321 0.90 -

. 05 Net Preop-Op* 1 0.31 2.04 NS

(Nov-Jul) Year (Preop-Op) 16 0.17 1.68 NS

(1975-1994) Month (Year) 90 0.10 6.84 "*
*

Station 2 0.04'

Preoc-Op X Station 2 <0.01 0.07 NS
Pat'on X Year gPreop-Op) 32 0.02 1.34 NS

t.n

h , Error 180 0.01

: * Preop-Op c::::..,,=&s 1991-1994 to 1987-1989 regardless of station. NS = Not significant (p>0.05)

| * Year nested within preoperational and operational periods regardless of station. * = Sigrulicant (0.05mp>0.01)

! * Month nested within Year. " = Highly significant (0.01 mp>0.001)

* Stations regardless of year or period *** = Very highly signdcant (0.001 mp)
* Interaction of the two main eWects. Preop-Op and Static.).
'interacten of Year and Station nested within Preoperational and Operational periods.

I ' Preop-Op compares 1991-1994 to 1975-1989.

| * Non-estimable due to negative denominator mean square.

_ _ _____.___ ______ _ _ _ _ _ ___________ _ ____ _ _ _ _ _ _ . . - . . . _ _ . - _ _ ._
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shallow estuarine waters and can withstand temperatures 1993). Lowest values were observed during 1988-92.

of 30 to 32.4*C (Pearcy 1962; Everich and Gonzalez Continued low landings and trawl catch indices were

1977). indications that winter flounder in the Gulf of Maine
have been overexploited (NFSC 1993) and the stock

Adults enter inshore spawning areas in fall or early likely needs rebuilding before yields can be sustained

winter and spawn in late winter or early spring. Winter or increased.

flounder in the Gulf of Maine mature at an average ,

age of 3.4 years and at a length of 27.6 cm for males Larval winter flounder were collected in the |

and 29.7 cm for females (O'Brien et al.1993). Average ichthyoplankton program (Table 5-3), but eggs were j
1

fecundity is about 500,000 eggs per female (Bigelow absent because they are demersal and adhesive. Larvae

and Schroeder 1953), with a maximum as much as 3.3 typically occurred in the Hampton-Seabrook area during

million for a large fish (Topp 1968). Eggs (0.71-0.96 April through July (NAI 1993). Larval winter flourA

mm) are adhesive and demersal(Fahay 1983). Winter abundance has declined since the mid-1980s and this ;

flounder embryos develop under a relatively wide range was apparent at all three stations. Larger, but not

of temperature and salinity conditions, with liighest significantly different, annual geometric means were

viable hatch reported at 3*C over a salinity range of usually found at P2 than at P5 or P7, although in 1994

15 to 35 (Rogers 1976). Because winter flounder larval abundance was lowest at Station P2 (Table 5 13, !

spawn during periods oflow water temperature, larval Figure 5-19). Meanlarval densityin 1994 (all sts.bns |
development is relatively slow and can take up to two combined) was the highest recorded in the operational

months to complete. Larvae flushed out of estuarine penod and continued a modest positive trend that started

nursery areas are believed to have lowered potential after 1991. Despite the apparent decline in larval

for survival and eventual recruitment to adult stocks abundance between the preoperational and operational

(Pearcy 1962; Smith et al.1975; Crawford 1990). periods, there were no significant differences in larval .

Overall mortality of larvae can exceed 99% (Pearcy abundance between periods, or among stations. The
:

1962). Young are common in inshore shallows, where interaction term was not significant, suggesting that
'

they remain until fall, undertaking little movement away the operation of Seabrook Station has not affected the
,

i from where they settled (Saucerman and Deegan 1991). abundance of winter flounder larvae in the Hampton-

I Seabrook area.
i Based on numerous meristic and tagging studies1

conducted for assessment and management purposes, The winter flounder was taken year-round by otter'

|
winter flounder have been divided into three groups: trawl at all stanons, but occurred most commonly from

Gulf of Maine, Southem New England and Middle- May through October (NAI 1993). Geometric meani

Atlantic, and Georges Bank (NFSC 1993). Commercial CPUE peaked in 1980 and 1981, primarily because

landins., of winter flounder from the Gulf of Maine of high carches made at the nearfield station T2 (Figure
,

were relatively stable at around 1,000 metric tons per 5-19). Winter flounder were considerably more I
,

year from 1961 through 1977, but tripled to about 3,000 abundant at T2 than at Tl or T3 until 1986, when
]

'

metric tons in 1982. Recreational landings in some annual mean CPUE became more similar. CPUE r.

| years exceeded those of the commercial fishery (NFSC T3 was generally lowest of all these three stations

|
1993). Since 1983, a downward trend was observed during the 1970s and 1980s, but catches have become

in landings with a record low of only 900 metric tons more similar to those at T1 and T2 since 1990. CPUE j
taken in 1992. Bottom trawl survey data from the at T2 was the lowest of the three stations in 1992 j

,

; '

: Massachusetts Division of Marine Fisheries spring through 1994. This decrease may be related. in part,

j survey also showed a declining trend since 1983 (NFSC to the inability since 1986 to sample at T2 on many

!
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| scheduled dates during August through October, months sampling period. Annual geometric mean CPUE was

! in which winter flounder are most abundant, due to consistently higher at station S3, located nearest to the :

the presence of lobster sampling gear in the T2 mouth of the estuary, and generally lowest at S1, |

sampling area. However, decreased abundance was farthest inland (Figure 5-19). The partem of annual ;
'

also observed in the other months, used in the ANOVA abundance was somewhat similar to that of the trawl

model. samples in that CPUE peaked in 1980 (one year earlier i

than for the catch by trawl) and thereafter decreased. i

Geometric mean CPUE for all three stations Abundance has remained at relatively consistent levels i

combined was highest in 1980 and 1981, and then since seine sampling resumed in July 1986. Results

decreased to a preoperational low in 1985 (Figure 5-19). ofthe ANOVA for seine data indicated that abundance

CPUE remained relatively stable from 1985 through during the y wp.4sonal period wss significantly higher |
1991. In 1992 and 1994, CPUE was lowest in the time than during the operational period (Table 5-23). This ;

series. The interaction term (Preop-Op X Station) was was not surprising, given the relatively high catches |

significant, primarily due to a large decrease in CPUE made during the 1970s and early 1980s and the current j

at Station T2 between the preoperational and operational depressed state of winter flounder stocks. The [
i

periods (Figure 5-20). Closer examination of CPUE interaction term, however, was not significant suggesting

trends at Station.T2 indicates that CPUE began to that Seabrook Station has not affected the abundance
'
;

decrease during the preoperational period (Figure 5-19). or distribution of juvenile winter flounder in the

To further quantify this decrease, an ANOVA was Hampton-Seabrook estuary. t

calculated to investigate the relationship between Year ;

i

and Station within the gwp.aional period (Table Annual entrainment estimates for 1990-94 ranged

5-23). The intemction term for Year and Station was from 0 to 9.0 million (Table 5-6). These totals. ;

significant which indicates that the stations exhibited however, are much less than those of other large New |

differing trends in CPUE within the preoperational England power plants. Annual larval winter flounder !

period (Table 5-23). Smith et al. (1993) states that entrainment at Pilgrim Nuclear Power Station in

differences in trends between control and impact stations Massachusetts ranged from almost 5 to 21 million
I

in the period prior to plant start-up violate the during l988-94 (MRI 1995). Similarly, entrainment

assumption of non-additivity in a BACI model and was much higher at the three-unit Millstone Nuclear |

may lead to misleading significance. Stewart-Osten Power Station, where annual totals for 1976-94 were |
I

et al. (1986) further suggests that species that exhibit from 45 to 514 million larvae (NUSCO 1995).
differing trends between control and impact sites prior However, only entrainment losses relative to stock size

to plant start-up not be used in a BACI analysis, but are meaningful in term ofimpact assessment, and the

due to the commercial and recreational importance of size oflocal stock, or stocks, in the Hampton-Seabrook

winter flounder, it probably should not be dropped from area is unknown.

the analysis. Since the differences in CPUE among
stations observed between the gwp.gional and Since 1990, an estimated 1,919 winter flounder have

operational periods were also observed within the been impinged at Seabrook Station. This four-year

preoperational period alone, they probably were not total is considerably less than the number of winter

caused by the operation of Seabrook Station. flounder taken each year at several other New England

power plants, although the counts at Seabrook Station

Smaller winter flounder (juveniles through age-2; underestimated the actual impingement prior to October

NAl 1993) were collected in the Hampton-Seabrook 1994 (Section 5.3.2.4). During 1972-92, annual

Harbor by seine throughout the April-November impingement ofwinter flounder at Brayton Point Station

5-66
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TABLE 5-23. RESULTS OF ANALYSIS OF VARIANCE FOR WWITER FLOUNDER DENSITIES BY SAMPLING PROGRAM-
SEABROOK OPERATIONAL REPORT,1994.

PROGRAMf SOURCE OF VARIATION di MS .F MULTIPLE COMPARISONS
MONTHS USED OF ADJUSTED MEANS

IchthyoplarAton Preop-Op* 1 3.94 4.83 NS
(Apr-Jul) Year (Preop-Op)" 6 0.93 0.19 NS
(1987-1994) Month (Year)* 24 4.95 12.80 "*

StalNm* 2 2.60 8.73 NS
Preop-Op X Station * 2 0.30 0.72 NS
Station X Year (Preop-Op)' 12 0.41 1.06 i '
Error 318 0.39

Trawl - Preop-Op' 1 1.30 1.01 NS
'

(Nov-Jul) - Year (Preop-Op) 17 0.50 1.90 *
(1975-1994) Month (Year) 152 0.16 3.47 "*

Station 2 1.42 1.40 NS
Preop-Op X Station 2 0.94 6.39 " 2 Pre 1 Pre 1 Op 2 Op 3 Op 3 Pre"
Station X Year (Preop-Op) 34 0.15 3.16 "*

* Error 303 0.05
- Jh
oo

Trawl Year 14 0.53 2.22 NS
(Nov-Jui) Month (Year) 120 0.13 2.58 "*
(1976-1989 Station 2 4.83 29.73 *"
Preop only) Year X Station 28 0.16 3.28 ***

Error 239 0.05

Seine Preop-Op' 1 3.08 7.68 * Op< Preop
(Apr-Nov) Year (Preop-Op) 15 0.26 1.64 NS
(1976-1994) Month (Year) 116 0.09 1.92 '"

Station 2 2.12 7.90 NS
Preop-Op X Station 2 0.26 2.19 NS
Station X Year (Preop-Op) 30 0.12 2.59 *"
Error 232 0.05

* Preop-Op compares 1991-1994 to 1987-1990 rege~"ess of station. ' NS = Not significant (p>0.05)
* Year nested within preoperational and operational r ods regardless of station. * = Significant (0.052p>0.01)
* Month nested wilhin Year. " = Highly signelicant (0.0t hp>0.001)
* Stations regardless of year or period "* = Very highly signelicant (0.0012p) +

* Interaction of the two main eNects, Proop-Op and Station. |
' interaction of Year and Station nested wilhin Preoperational and Operational penod

,

' Preop-Op compares 1990-1994 to 1975-1990. i

* Underkneng signifies no negnelicant differences among least square means at ps0.05 .i
' Preop-Op compares 1991-1994 to 1976-1984 and 1986-1989- |

,

i
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in Massachusetts ranged from 859 to 23,452 individuals the westem Gulf of Maine from March through

(mean of 7,925; MRI 1993a). Annual impingement September (Fahay 1983). Most spawning was observed

totals from 1976 through 1987 at Millstone Nuclear by Smith et al. (1975) to occur at 4 to 9'C. Eggs (0.8-

Power Station Unit 2 in Connecticut were from 624
0.9 mm in diameter) are deposited at or near the bottom, |

to 10,077 (annual mean of 3,484; NUSCO 1988). but are pelagic and natch in five days at temperatures
of 10-11.l*C. Larvae are 2 to 3.5 mm in length at

Abundance of winter flounder throughout the Gulf hatching (Fahay 1983). Greatest concentrations of

of Maine 'nas decreased in recent years to historic lows pelagic larvae are found in water temperatures of 4.1-
!

(NFSC 1993), likely due to overfishing. This has been
9.9'C (Smith et al.1975). Larvae exhibit pronounced

reflected by the reductions in catch of winter flounder diel vertical movements and are found near the surface

in Seabrook Station monitoring studies. The persistently at night and at depths of 20 m or so during the day,

lower abundance at nearfield station T2 since 1991, regardless of thennal gradients (Smith et al.1978).

however,isunexplained. Althoughperhapsbeginning Ascent and descent occur at sunset and sunrise,

before plant operation, this change bears close respectively, with amplitude of movement increasing

monitoring to determine if Seabrook Station has with larval size. Larvae metamorphose and become

contributed to a distributional change following the demersal at about 11 to 16 mm in length (Fahay 1983), j

although fish as large as 20 mm may still ascend to1990 start-up.
the surface (Smith et al.1978). )

\

5.3.3.11 yellowtail Flounder Three discrete groups of yellowtail flounder are !
managed in U.S. waters, including Southem New

The yellowtail flounder is found from southem England, Georges Bank, and Cape Cod (NFSC 1993).

Labrador to Chesapeake Bay (Scott and Scott 1988), All of these stocks are considered to be overexploited.

but its center of abundance is the westem Gulf of Maine
Abundance was relatively high in the early 1980s, but

and Southem New England (Bigelow and Schroeder subsequently declined due to overfishing. After several

1953). It commonly reaches a length of 47 cm and years oflow abundance, a relatively strong 1987 year- |

a weight of 1 kg (NFSC 1993). Yellowtail flounder class produced within all three stock areas resulted in

prefer coarser sand and gravel bottom sediments than an increase in commercial landings in 1990. However,

those preferred by other flounders of the Northwestem the increase was short lived as the stocks were rapidly

Atlantic Ocean (Scott 19826) and are found mostly fished down again and current abundance is at very

in depths of 37 to 91 m (Scott and Scott 1988). low levels.

Individuals apparently maintain genemlly similar depths
between seasons while tolerating a wide range of Yellowtail flounder eggs were grouped as cunner /yel-

temperatures and salinities (Scott 1982a; Murawski Iowtail flounder because it was difficult to dit,tinguish,

and Finn 1988; Perry and Smith 1994). Some limited between these two species; this group would also

seasonal movements, however, do occur, with fish include tautog eggs, if present. The cunner /yellowtail

moving to shallower waters in spring and into deeper flounder taxon was the dominant egg collected during

waters during fall and early winter. both the preoperational and operational periods (Table |

5-3). Larvae were less abundant, probably because i

Median age of maturity for female pilowtail flounder the egg group consisted primarily of cunner, as

is age-2, at a size of approximately 26 cm (O'Brien previously mentioned (Section 5.3.3.7). Yellowtail

et al.1993). Fecundity can range from 350,000 to 4.57 flounder were among the commonly occurring Ir_rval

million eggs per female (Pitt 1971). Adults spawn in taxa selected for numerical classification analysis but

5-69

_ _ _ _ _ _ _ _ _ _ _ _ - _ _ . _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



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

'

_ FISH

!
they were not among the dominant taxa of any of the overfishing. The interaction term was not significant,

seasonal groups (Table 5-4). The annual geometric indicating no plant effect. Eleven yellowtail flounder

mean of yellowtail flounder larvae decreased from high have been impinged at Seabrook Station since 1990

in 1977 to the lowest in the time series in 1982. Since and none were impinged in 1994 (Appendix Table 5-2). ,

1982, larval density has remained relatively low with Prior to 1994, the cunner /yellowtail flounder group

peaks occurring in 1983,1987 and 1993 (Figure 5-21). has been consistently ranked first or second among ,

Larval density in 1994 was lower than the preopera. egg taxa entrained at Seabrock Station, with annual ;

tional mean and similar to the operational mean (Table totals ranging from 58.4 to 716.3 million (Table 5-6). .

5-13). Results from the ANOVA indicated there was
No entrainment of the cunner /yellowtail flounder group j

no significant difference detected between the was estimated for 1994 because oflack of sampling |

preoperational and operational periods or among stations due to an extended plant outage and other factors during

(Table 5-24). In addition, the interaction term was the period of highest density. It is likely that this group

also not significant, suggesting that the operation of is composed mostly of cunner, as relatively few

Seabrook Station has not altered the abundance of yellowtail flounder larvae (overall and relative to

yellowtail flounder larvae in the Hampton Seabrook cunner) have been identified in entrainment samples.

The yellowtail flounder has been severely reduced inarea.
abundance by overfishing throughout its range, and

ne yellovtail flounder is taken year-round in the catch near Seabrook Station reflected this decline. No

Seabrook Station study area and in former years was change in this situation can be expected without a

one of the most abundant fishes taken by otter trawl substantial reduction in fishing effort and several years

sampling (Table 5 9). Recently,however,itwasmost of improved recruitment (NFSC 1993).

common only from May through October (NAI 1993).
To a large degree, annual mean CPUE by otter trawl ,

(Figure 5-21) mirrored that of commercial landings 5.4 EFFECTS OF SEABROOK STATION
spsd by NFSC (1993). Trawl CPUE peaked in OPERATION

the early 1980s and subsequently decreased to a lower,

but relatively stable level, until a slight increase was The fish community in the Hampton-Seabrook area

seen in 1989, perhaps due to the relatively strong 1987 was sampled to determine if the operation of Seabrook

year-class. CPUE then steadily decreased to ncar zero Station has had any discemible effects on fish

in 1992, rebounded slightly in 1993, and declined again abundance or distribution. Potential impacts of station

in 1994. operation included the entrainment of fish eggs and !

larvae and impingement of juvenile and adult fish at

Catches have been consistently (and significantly) the plant intake; entrainment of fish eggs and larvae

highest at farfield station T1 and lowest at nearfield into and avoidance by larger fish of the offshore

station T2 throughout the 19-year period; CPUE at T3 discharge thermal plume; and effects of the discharge

tended to approximate the overall mean (Tables 5-13, of the plant settling basin into the Browns River within

5-24). This pattem of abundance may reflect habitat the Hampton-Seabrook estuary. Monitoring programs

preferences of the yellowtail flounder in the Hampton- were established that used sampling gear appropriate

Seabrook study area. The CPUE during the operational for several specific fish assemblages. Samples were

period was significantly smaller than during the periodically taken at fixed stations in nearfield and

preoperational penod (Table 5-24). However, this was farfield areas relative to the station intake and discharge

likely due to the overall decrease in abundance for this for various periods prior to commencement of Seabrook

species since the early 1980s that resulted from Station commercial operation in August 1990 and
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TABLE 5-24. RESULTS OF ANALYSIS OF VARIANCE FOR YELLOWTAIL FLOUNDER DENSITIES BY SAMPLING PROGRAM.
SEABROOK OPERATIONAL REPORT,1994.

PROGRAMf SOURCE OF VARIATION df MS F MULTIPLE COMPARISONS
MONTHS USED OF ADJUSTED MEANS

,

Ichthyoplankton Preop-Op* 1 0.45 0.32 NS
(May-Aug) - Year (Preop-Op)* 5 1.71 0.72 NS
(1987-1994) Month (Year)* 21 2.31 7.01 "*

Station * 2 0.24 2.69 NS
Proop-Op X Station * 2 0.09 0.23 NS
Station X Year (Preop-Op)' 10 0.41 1.25 NS
Error 290 0.33 '

Trawl Preop-Op' 1 28.71 33.96 "* Op< Preop '

(Nov-Jut) Year (Preop-Op) 17 0.80 5.37 "*
(1975-1994) Month (Year) 152 0.09 121 NS

Station 2 12.60 71.17 * T1>T3>T2
Preop-Op X Station 2 0.13 1.29 NS

,

Station X Year (Preop-Op) 34 0.13 1.83 " t

? Error 303 0.07

d I

' * Preop-Op compares 1991-1994 to 1987-1989 ; _"x of station. NS = Not signdicant (p>0.05)
* Year nested within preoperational and operatonal periods regardless of station. * = Signdicant (0.052p>0.01)
* Month nested within Year. " = Highly significant (0.012p>0.001)
* Stations regardless of year or period "* = Very highly segndicant (0.0012p)
* Interaction of the two main effects, Preop-Op and Station.
' interaction of Year and Stahon nested within Preoperatonal and Operational periods. *

* Preop-Op compares 1990-1994 to 1975-1990.

,

a

4
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sampling has continued to the present. The impacts There were significant differences between periods

of impingement and entrainment were directly estimated for many demersal fishes (Table 5-25). However, in

from samples taken at the station when it operated. many instances, the declines began in the early to mid-
1980s, well before Seabrook Station began operation.

Assessment of impact was based on an ANOVA Several of the decreases seen in the Hampton-Seabrook

model, primarily used to examine for differences in area simply reflect long-term declining trends of

abundance of selected fishes between the pW onal overexploited commercial fishes, including the Atlantici

and operational periods and for the consistency of any cod and yellowtail flounder. Decreases in these and

observed differences between these periods among the other important New England groundfishes, such as

fixed stations (i.e., the Preop-Op X Station interaction). haddock, have resulted in large increases in bicmass

Data were selected for the ANOVA taking into account of skates and spiny dogfish. Increase of the latter was

the temporal distribution of a species,its occurrence also reflected by increased catches by gill net near

relative to the August 1990 startup, and samples missing Seabrook Station in recent years. The current low

as a result of temporary cessation of monitoring or the population levels for the selected demersal fishes is

inability to sample a stauon at certain times of the year. most likely due to commercial overfishing and not due

Possible changes in seasonal ichthyoplankton to the operation of Seabrook Station, because the

assemblages were also examined using multivariate decline in abundance generally began in the mid-1980s,

analyses. In general, the species selected for analyses before the Station went on-line. The abundance trends

are abundant in the Gulf of Maine and are important for demersal fish off the Hampton-Seabrook area are

to the trophic dynamics of this marine ecosystem. Most in general agreement with trends observed by the

of these fishes also have commercial and recreational National Marine Fisheries Service in their annual

importance for the region. Because fishing can groundfish stock assessment surveys (NFSC 1993).

significantly alter the abundance, distribution, and Regional abundance of both red and white hakes is

population dynamics of heavily exploited fishes, trends now increasing, but trawl survey indices reported by

in landings and present status of fishing stocks of these NFSC (1993) show erratic changes, likely due to

species were also examined to put into perspective any varymg year-class strength from year to year. A longer

changes seen in the Seabrook area. Finally, compari- time-sedes of operational data at Seabrook Station may

sons of entrainment and impingement were made be needed in some cases to discem current abundance

between Seabrook Station and those at other large trends in the study area.

marine power plants in New England to illustrate the
;

relatively benign impact of Seabrook Station as a result Few pelagic fishes showed significant differencesi

of its intake design and placement. As summarized between the preoperational and operational periods.

in Table 5-25, a number of differences were found Pelagic fishes have not been subjected to as much

between the preoperational and operational periods for commercial exploitation as demersal fishes. Abundance

fish assemblages in general, and for many of the of Atlantic hernng is presently increasing in the North-

selected species. There were few significant differences west Atlantic Ocean, particularly on Georges Bank.
4

between the preoperational and operational periods for CPUE in the Hampton-Seabrook area has remained

the ichthyoplankton of any of the selected species. essennally stable since the early 1980s, after decreasing

This is not surprising, as the marine larval fish densities from a relatively high peak in the late 1970s. It is

are strongly influenced by environmental factors such unknown why abundance has not increased further in

as water temperature, currents, and availability of food the study area, although it may be related to aspects

items that varied during the time series (Parsons et al. of Atlantic herring stock structure and recruitment in'

i 1977).
the Gulf of Maine. Low abundance of Atlantic herring
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TABLE S-21 $UMMARY OF POTENTIAL EFFECTS OF THE OPERATION OF SEABROOK STATION ON TME ICHTHYOPLANhTON
ASSEMBLAGES AND SELECTED FISH TAXA. SEABROOK OPERATIONAL REPORT.1994.

I

PREOPERATIONAU
OPERATIONAL PERIOD OPERATIONAL

SIMILAR TO DIFFERENCES RECENT ABUNDANCE

SAMPLING PREOPERATIONAL CONSISTENT AMONG TREND IN THE GULF STATUS OF

SPECIES PROGRAM PERIOD? STATIONS? OF MAINE * FISH ERY'

|Fish egg assemblages ichthyoplaninen

seasonal occurmnce Op=Proop yes

abundance vanable among taxa yes

Fish larvae "r ichthyoplankton
seasonal occunence Op=Proop yes

abundance vanable among taxa yes

Atlantic hemng ichthyoplankton OpcPreop yes increasing underexploited

gill net Op= Preop yes

Ratnbow sment trawl Op<Proop no unknown lighdy to
'

seine Op=Proop yes unexploited

Adannc cod Rig.- a Op=Proop yes decreasmg overexploind

unwl Op<Proop yes

Op=Proop yes stable tidly exploited
,' = =

Pollock i s ,:
i

gill not Op=Preep yes

Hakes ichthyoplankton Op=Proop yes red hake: tacreases underexplotted

trawl Op<Proop yes whne heks increas4ag fully explotted

Atlanac sdversade some Op=Proop yes unknown unexplotted

Cunner ichthyoplankton Op=Proop yes unknown unexplorred

Amencan sand lance ichthyoplanktori Op=Proop no decreastag in 1930s unexploited

now stable C)

Atlanuc mackerel * Gy m * Op=Proop yes increases underexplortsd

gdt not Op=Proop yes

Winter nounder achthyopish Op=Preep yes decreasms overexploried

trawl Op=Proop no

seine Op<Proop yes '

Yellowtail Sounder ichthyoplankton Op=Proop yes decreasing overexplotted

trawl Op<Proop yes

* Based on results of numencal classtGcanon for assemblages and ANOVA for selected tax &
Based on Priopop X $tauon interacuen term fmm the MANOVA for assemblages and ANOVA for selected taxt*

For commermal species. 60m NFSC (1991).*
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in nearshore areas appears to be a coast-wide T2 began to drop significantly during the preoperational

i phenomenon as herring have become less available period, indicating that the change in winter flounder

j to the inshore fixed-gear fishery on the coast of Maine abundance between the preoperational and operational

j (NFSC 1993). For the past three years, abundance periods began prior to the start-up of Seabrook Station.

) of the Atlantic mackerel has increased near Seabrook He reasons for this are unknown, but could be related

Station, as it has throughout the northwest Atlantic, to natural changes in the local environmental or physical
;

!
but additional years of operational data may be needed conditions. Brylinsky et al. (1994) found that trawl

i to demonstrate a significant change in abundance, doors made furrows in the substrate that were visible

.

for two to seven months after sampling, although no
4

'

Among the estuarine fish community there were no significant effects were observed on the macrobenthos.

significant differences in CPUE between the preopera- Monthly repetitive sampling may have differentially'

. tional and operational periods for Atlantic silverside modified the habitat at Station T2, compared to the
;

I and rainbow smelt. These small, short-lived species other two stations, causing a change in winter flounder

appear to exhibit variable and, perhaps, periodic panems distribution.

of annual abundance. It is unlikely that the discharge
-

.

of Seabrook Station would have significantly affected Abundance of rainbow smelt in the trawl decreased

these fishes given their concentranon in estunnes distant between the preoperational and operational periods at
;

from the cooling water discharge. However, Atlantic all stations, but the decrease was greatest at Station

silverside were the most numerous fish impinged in T2, indicatmg a potennal effect due to Seabrook Station.'

1994, and over all years combined. Impingement nere are no apparent reasons why the plant should-

monitoring in future years will continue to document be affecting rainbow smelt abundance. Very few eggs

in-plant lossesof Atlantic silverside. CPUE for winter and larvae have been entrained at the station becauseI

flounder in the estuary was sigitificantly greater during rainbow smelt spawn in the estuary and the eggs and'

.

the pspmeional period than the operational period. larvae are beyond the influence of the intakes of the

This is probably a reflection of the reduction of adult plant. De discharge from the settling basin to the'

| winter flounder due to overfishing, resulting in fewer Browns River stopped in April 1994. It is unlikely

juveniles in the estuary. The reduction began in the that this discharge affected rainbow smelt abundancei

] mid-1980s prior to the start of Seabrook Station and because it did noe occur for most of 1994. An estimated

j cannot be attributed to plant operation. Any hypothe- 704 rainbow smelt have been impinged at Seabrook

sized effects due to the settling basin discharge into Station since 1990. His may under-represent the actual'

|
the Browns River are no longer applicable, as this total due to the problems with sorting small fish from

discharge was re-routed through the circulating water the screenwash debris. Rainbow smelt appear to be

system in April 1994, exposed to impingement primarily in December
(Appendix Table 5-3). It appears unlikely that such

He ANOVA interacnon term was significant only a short exposure to impingement, and apparently small!

; for winter flounder and rainbow smelt in the trawl, numbers of smelt impinged, could significantly affect

and larval American sand lance, suggesting further abundance in the entire study area.

investigation into a potential effect of Seabrook Station

operation. Winter flounder abundance at nearfield Rainbow smelt are a small short-lived fish subject

station (T2) was higher than the farfield stations (TI, to wide variations in population size. In the study area

|
T3) during the preoperational period, and lower in the this variability appears to be greatest at Station T2.

operational period resulting in a significant Preop X Dramatic decreases in CPUE at Station T2 occurred
Station interaction term. However, abundance at Station in the preoperational period during 1978-1980, and'

S-75
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1983-1985. During these periods, the decrease in CPUE species are from very large and highly fecund stocks
I was less at Stations T1 and T3. Large changes in spawning throughout the Gulf of Maine. Others, such

| CPUE of rainbow smelt at Station T2 appear to be a as the rainbow smelt and Atlantic silverside, spawn

i natural feature of the population dynamics of this in estuaries away from the plant intake and have egg

i species in the study area, because they had occurred or larval life stages that are largely maintained in

| during the preoperational period. Rainbow smelt should inshore areas. Atlantic cod,' winter flounder, and

be ' monitored closely in future years to determine if yellowtail flounder continue to be overexploited by
,

; plant operation may be affecting abundance. commercial fisheries and their stocks are presently
declining. Other fishes, such as Atlantic mackerel,i

i Abundance of American sand lance larvae increased were overfished and now have recovered. Catch of

} at all stations during the operational period. The all the selected species in the Hampton-Seabrook area

interaction term was significant be- density of sand simply reflect long-term, regional trends. Funhermore,,

lance larvae at Station P7 (farfield) was lowest during the influence of regional environmental factors and4

the preoperational period and was similar to the other interspecific interactions (e.g., American sand lance-1
i

two stations during the operational period. It is unlikely Atlantic mackerel) introduces complexities in any
;
'

that Seabrook Station is affecting the abundance of evaluation. Because of the apparently small numbers ;

!

i sand lance larvae, because sand lance larval abundance of fish of all life stages directly removed by the plant
'

has been increasing at all stations during the operational and the concurrent changes in abundance at both near-

j period. Larval abundance of American sand lance and farfield stations in nearly every instance, the

! should be monitored closely in future years. operation of Seabrook Station does not appear to have

! affected the balanced indigenous populations of fish

| Compared to other New England marine power in the Hampton-Seabrook area.

I plants, Seabrook Station entrains relatively few fish
I eggs or larvae and apparently impinges very few
d juvenile and adult fish. The location and design of 5.5 REFERENCES CITED
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APPENDtX TABLE .41. FINF15H SPECICS COMPOSITION BY LIFE STAGE AND GEAR. JULY 1975 - DECEMBE.R 1994.
SEABROOK OPERATIONAL REPORT.1994.

I gNKTON ADULTggVENILE
I

b SEINES !SCIENTIFIC NAME COMMON NAME ECCS LARVAE TRAWL.S
J

'

Acpenser oxyrirynchus Atlanuc snageon R'
1

R C C |Aless assavals blustack hemns -

Ala a nudwaa hickory shed - K

0 0 O |
Alana i.e. a a ;ngus alewde -

R O OAlosa sapidusmaa Arnancan shad -

Alosa sp. river hernng R - - -

Ammodyns americanus Arnencan sand lance A O R O |
Anarhichas lupus Adanac wolffish R R ;

fRAnchos hapsena sanped anchovy

Angudia resrata Amencan eel C R |
RAprins quadracus fourspine stickleback

Archosargus probatocarphalus sheepshead R

Aspidophoroades monoputygna alligalortish C O

Arevoorna spannus Adance menhaden O O R O R

Arosmebrosme cusk O O

R
, Caranz hypos crevalle jack
i
i Canaoprurts sraans black sea bass R R

! Conger oceanscia conger eel R

L Capra harengus Adminic hernng C O A Ol

i
- C ;, 2 2s maculana wrymoush O K

'

Cycloparrus lumpia lumpflsh C R R R

( Enchelsepus crabena fourbeard rockling C C O ,

| Eunduhn:p' killiftsh C !

C C O R ,

! Gadus morhua Adande cod -

4 I

j Omdus/MrE , _ r Adance cod / haddock C - - - -

! Gesarroswas sp.d MM R R C

}
Glypsocephalus cynoglossus wisch flounder C C O |

i

! Nemwpwrus americanus sea reven O C O R

<
#ppoglossoades pfa=**ds Amencan plaice C C O

,

.

| #;;;,;'- im ;' -- Adanos halibut R-

LabndacPiruronrcus Owmil A - - - -

| Learu atlanteus Adande seasnail R C --

| Lpara cohemi Sulf f uilfsh C - - -

OLearu sp.' snailfish R' -

j Lophes anarreama goosefish R O O R

| Lumpenus lumpretaeformis snakeblenny 0 R

Larrpenus maculans daubed shanny R R

' Macros -;;s amencanus ocean peut O C R

O C RMe!-- .. - - - seglefinus haddock' - -

{ Menadas menidia Adanuc s0verside R O R A

Manterrhus saxatilis northern kingfish R'

Wer! c u M L u silver hake C C C C R_

(Cononued)
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APPENDIX TABLE 5-1. (Comeissed) ,

!

ICHTH g NKTON ADULTgp'ILE '

EENTIFic N AME COMMON NAME rccc MRVAE TRAWL 3 SEINES

Merogadu tomcod Atlantic tomcod R R O

R
Moront amencans white perch

I
Moront sasarda striped bass R R

R
Mgd cephalus senped millet

R
# weha cana snooth dogfsh

M>exacephalus aanseus grubby C O R O

phalus longhorn sculpin C A O R
,oc ceaspmosus

#posacephalus scarpaa shorthom sculpin C O R R

R f
Odonasspir sauna sand ager

Oncorhynchus kisuch c6ho salmon R R t

R
Oncorhynchus mykiss tak bow trout

Osmena aordar rrsbow smelt O C 0 C ,

Parolekshys densana sunv.ser flounder R R

Parolehehys o6 longus fourspot flounder O O C R ,

reprdus reacansina bumerfish O O R O R

R
Peroepson marsma sea lampmy

Pholis gunnelAs rock gunnel C O R R

! Piraronsens amermanus winner flth C C O C !

C A R R
j Pleuronecusfrrrugmeus yellouse flinder -

Piruronness punsmi smooth flounder R R C
-

rollachas varens pollock C C C C O4
'

P=- salasrar bluefish O O'

- - C R
Pnonoma coroluna northern swrohn'

! Pnonotus evolans senped searobin - - R

Pnonoma sp. saarobin O R - - -

t C
Punguna pungsana ninespine sockleback'

Aga sp.s skase C R r

O
Sohno aums brown sont

| Sahelsmafontasla brook sout R

Scamberjaponmus chub mackerel R'

Scamher scombrus Adanac mackerel A A R C R

Sc, .:' : aquasus w. - , C e C R O

Sebases sp? redfish O

] Sphoeromdes moesuana nonhern puffer R R

Spalus acanthans spiny dogfish R C

Sarnosomma c/rysops scup R O R

Stichsena puncasma Arctic shanny O

! Syngnaafussjtsseus northem pipefish C O R O

Taumso onsta tausos - C R
'

A O A
| T- ' ' adspersus cunner -

-

i Torpedo nohdsens Adanuc torpedo R

i r. ' _ . . . _ . e ~ ha = - O R i

|

) 4

'

(Conunued) i
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APPENDIX TABLE 5-1. (Contissed)
'

ICHTHgNKTON ADULTgQiVT. NILE {
t

SCIENTIFIC NAME COMMON NAME ECGS LARVAE TRAWL 5 SEINES

l Ulverkr su6e /irreara radiased shanny C O
r

i
5 Uranhwis to * hake A C A O C

$ Foomoess:
1

Names are according to Robins et al. (1991). Taxa usually identifwd to a diffemat level are not included in this list to avoid duplication (e g., j* *
'

w=, Enchelppuluroph>cu, Myoxocephaha sp., Uroph>cu chus). [
,

Occurrence of each species is indicmed by its relative abundance or frequency of occurrence for each life stage or gear type:'

,

a

abundant (210% of notal casch over all years) > jA =

common (occumns in 210% of samples but <10% of sotal carrh) ;,

i C =

occasional (occumns in <10% and 21% of samples)i O =

rare (occurring in <!% of samples)
.

R .=

not usually identifwd to this taxonomic level at this life stagej - =

;
Predominandy Twedulu hearroc!au, m- +-5. but may include a small number of Fun 64a majalis, striped ki!!ifah.*

Two species of Gasserossrus have been idenafled from seine samples: G. aculer.aa, threespine stickleback; and G. whearlandi, blacksposed ;*
f

stickleback (both occumng commonly).

May also include a small number of tausog.*
,

| 1hree species of Lipara have been idenafied from trawl samples: L allesecus, Atlantic seasnail; L coheni, gulf saadfish; and L beguilmus,'

3 inquiline snailfish.

Four species of Aya have been idenafled from trawl samples: A radians, thorny skase (common); A ermaces, listic skaie (common); A8

| ocellasa, winner skase (occasione!); and il eglenarris, cleamose skase (rare).
!

Sebases norwgicus, golden redfish; I menarlin, deepwater redfish; and Ifascisas, Acadran redfish, have been reported to occur in the"

northwest Atlanac Sehesars in coastal New H-P =e waners are probably Ifasciana (Dr. Bruce B. Collene. U.S. National Museum, pers. ,h

i comm. April 1932), but larval desenpuons are insufficient to allow dsoncnon among the three species. |

Three species of Ursphycu have boon idennfwd 6om trawl samples: U. chuss, red hake (common); U. enmu. white hd.c (common); and U.'

regia, sposed hake (rare).

i

a

i
n

1
'

,

|

i.

i

a

,
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APPENDIX TAELE 5-2. SPECIES COMPOSITION, ANNUAL TOTALS. AND FIVE-YEAR TOTAL OF FINFISH,
AMERICAN LOBSTER AND SEALS IMFINGED AT SEABROOK STATION FR3M 1990
THROUGH 1994. SEABROOK OPERATIONAL REPORT.1994.8

| .

SPECIES 1990 1991 1992 1993 1994 TOTAL

i

Atlantic silverside 8 67 156 5348 5,579
'

Hakes 16 33 15 3 2t22 2,889

Grubby 1I 26 54 67 2678 2,836

Pollock 69 17 4 231 32 1681 2,137

Winter flounder 18 116 209 141 1435 1,919;

WL-A,R 52 150 % 102 980 1,380

American sand lance 3 28 3 1215 1,249

Rainbow smelt 12 67 80 545 704

,

Hemngs 44 8 22 19 514 607

Rock unnel 14 11 40 25 494 584 ;
B4

Lumpfish 69 93 29 118 182 491 )

Longhorn sculpin 67 54 88 37 105 351

Sea raven 38 42 55 98 78 311

Northem pipefish 6 2 83 188 279

48 35 190 273
Skates

1 7 205 213
Sculpins

j Snailfishes 3 6 13 180 202;

Atlantic cod 18 28 26 37 58 167

7 32 77 116,

^

Flounders
Shorthorn sculpin 4 47 17 28 14 110

Wrymouth 5 15 16 .1 55 103

102
j Little skate 6 96

3 3 17 67 90
Threespine stickleback
Cunner 21 2 13 13 32 81 .

"

American lobster 4 29 8 1 31 73

Tautog 2 9 9 3 24

Searabins 10 12 I I 24
2222Silver hake 20

Atlantic mackerel 4 13 3

Umdentified fish 4 4 5 6 19 ,

Sea lamprey I 5 3 6 15 |4

15 i

Cleamose skate 6 9
13 13 )

Blueback hemng
1 3 5 10 i

Seal 11 i
Yellowtail flounder !! '

i Fourspot flounder 2 2 1 1 2 8

Ocean pout 1 2 3 6 |

Summer floundu 3 3 6 |

American eel 1 1 3 5 l

5 j
Radiated shanny 4 1

Spiny do8 sh I 2 1 1 5 i

Ifi
2 3 5

Butterfish 3 4 |'

Goosefish I
4 4 i

IKillifish
1 2 1 4

Red hake 3
Smooth flonder 3

3
3Rough scad

Alewife ! I 2

Cwk 1 I 2

1
Atlance wolffish 1

l
White perch !'

1 1
.;merican plaice

1
1Conger eel

1
Striped anchovy 1

1
Oyster toadfish 1

1!Sap
1

Black sea bass 1
! :

Northem kingfish I
II 1

1 1 |Atlantic tomcod
White hake

ALL SPECIES 503 1.019 1.175 1.177 19.218 23.092

*1mpingement data prior to October 1994 was underesumated (see summary).
' 5-89
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I APPEN!!X TABLE S-3. SPECIES COMPOSITION AND CUMULATIVE MONTHLY TOTALS CF FINFISH. AMERICAN
! LOBSTER AND SEALS IMPINGED AT SEABROOK DTATION FROM 1990 THROUCH 1994.

SEABROOK OPERNIlONAL REPORT.1994.*
I

SPECIES JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

Atlanuc sdverside 6 5 5 4 2 2 30 5525 5579

Hakes 2 1 8 1 10 38 293 2536 2889

Grubby 18 16 27 7 4 2 1 1 5 66 2689 2836

Pollock 3 4 2 21 117 26 74 957 460 473 .2137

Winter flounder 57 25 68 31 6 5 1 25 52 21 1628 1919

Windompane 19 15 14 44 88 13 2 101 60 159 865 1380

American swid lance 1 1 1 3 1 1242 1249

Rainbow smelt 10 13 2 4 2 I i 1 670 704

Herrings ! I 2 9 20 3 7 3 11 372 178 607 ,

Rock gunnel 4 2 5 20 20 3 3 3 10 98 56 360 584 {

Lumpfish 11 21 81 57 49 121 34 11 2 104 491 '

Longhom sculpin 16 4 17 44 21 10 4 5 3 20 80 127 351

Sea raven 7 3 10 38 61 27 6 10 10 30 45 64 311

Northern pipefish 2 2 1 6 3 19 93 153 279

Skates 19 1 5 1 1 11 1 5 229 273
*

Sculpins 5 2 2 204 213

Snailfishes 1 10 3 1 2 53 132 202

Atlantic cod 2 7 13 16 9 7 3 6 14 9 81 167

2 62 116
Flounders 3 5 22 22

Shorthom sev'. pin 6 9 11 17 15 18 1 2 1 9 21 110

Wrymouth 9 1 2 1 2 8 1 79 103

Linie skate 21 2 7 6 1 7 40 10 8 102

Threespine stickleback 2 9 8 1 70 90

Cuaner 2 2 1 4 19 14 1 5 9 12 11 I 81

American lobster 3 4 1 1 5 13 28 18 73

I 8 9 1 1 1 1 1 1 24
Ta; nog

Searobins 1 2 5 3 4 8 1 24

2 11 9 22
Silver hake
Atlantic mackerel 6 5 8 1 20

4 1 4 5 5 19
Unidentified fish 15
Sea lamprey 4 10 1

Cleamose skate 1 4 8 1 1 15

13 13
Blueback herring

3 3 4 10
Seal 11
Yellowtail flounder 4 6 1

Fourspot flounder I 2 2 1 2 8

3 2 1 6 |

Ocean pout
,

3 3 6
Summer flounder
American eel 1

4 5

Fadawd shanny I 3 1 5

2 2 1 5
Spiny dogfish

1 1 3 5
Buaerfish
Goosefish I 2 1 4

4 4
Killifish
Red bake 1 2 1 4

3
Smooth flounder 3

3
Rough scad 2 1

I 2
Alewife 1

1 2
Cusk 1 I
American plaice !

1 I
Black sea bass I
Conger eel i

1 I
Northem kingfish

1 I
Oyster toadfish

1 1
Scup

1 1
Striped anchovy

1!White perch
1

Atlantic wolffish 1

1 I
Atlantic tomcod

I 1
White hake

ALL SPECIES 227 149 320 392 367 371 89 52 313 1.436 I833 17.546 23.092

' Impingement data prior to October 1994 was und.. 1 (see summary).
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APPENDIX TABLE 5-4. SUBSETTING CRITERIA USED IN ANALYSFS OF VARIANCE FOR TIIE SELECTED FINFISH'

SPECIES. SEABROOK OPERATION REPORT,1994.

SPECIES GEAR SEASON PREOPERATIONAL OPERATIONAL POOLING DELETIONS

Atlantic cod . Trawl Nov-Jul 1975-1990 1990-1994 Nov-Dec with Nov-Dec 19414
following year

Atlantic cod Ichthyo Apr-Jul 1987-1990 1991-1994 None None

Sego-Dec with
Sep-Ike 1994

Atlantic herring Gill net Sep-May 1976-1990 1990-1994
fo wmg year

Atlantic herring Ichthyo Oct-Dec 1986-1989 1990 1994 None None

Atlantic silverside Seine Apr-Nov 1976-1984; 1986-1989 1991-1994 None 1990

Atlantic mackerel Gill net Jun-Nov 1976-1989 1991-1994 Nonc 1990

Atlantic mackerel ichthyo May-Aug 1987-1990 1991-1994 None Aug 1990

Atlantic sand lance Ichthyo Jan-Apr 1987-1990 1991-1994 None None

Cunner Ichthyo Jun-Sep 1987-1989 1991-1994 None 1990
[

llakes Trawl Nov-Jul 1976-1990 1990-1994 Nov-Dec with Nov-Dec 1994 >~

following year

llakes Ichthyo Jul-Sep 1986-1989 1991-1994 None 1990

Pollock Gill net Apr-Dec 1976-1989 1991-1994 None 1990
'

Jan-1,7 b with 1994
Pollock Ichthyo Nov-Feb 1986-1989 1990-1993 e

previous year

Rainbow smelt Trawl Nov-May 1975-1990 1990-1994 Nov-Dec with Nov-Dec 1994
following year

Rainbow smelt Seine Apr-Nov 1976-1984;t986-1989 1991-1994 None 1990

Winter flounder Trawl Nov-Jul 1975-1990 1990-1994 Nov-Dec with Nov-Dec 1994
following year

Winter flounder Seine Apr-Nov 1976-1984; 1986-1989 1991-1994 None 1990

Winter flounder Ichthyo Apr-Jul 1987-1990 1991-1994 None None

Yellowtail flounder Trawl Nov-Jul 1975-1995 1990-1994 Nov-Dec with Nov-Dec 1994
following year

Yellowtail flounder Ichthyo May-Aug 1987-1990 1991-1994 None Aug 1990

l
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SUMMARY ,

Submerged rock surfaces in the vicinity of Seabrook Station intake and discharge structures support rich
and diverse communities of attached algae and animals (macickMios). An extensive monitoring program combining

destructive and non-destructive techniques was implemented in 1978 to assess the potennal population and community j

level effects of Seabrook Station operation on this habitat. Studies were designe,d to monitor two types of potential

impacts: those associated with exposure to elevated water temperatures from the thermal discharge plume, most
likely affecting intertidal and shallow subtidal communities, and those associated with inu eased turoidity and
sedimentation from rmsport of suspended solids and entrained organisms to deeper water communities near )

the discharge.
*
.

Thermal impacts to macroalgae, sucis as shifts in abundance or occurrence of typically cold-water or warm-

water species (i.e., decreases or increases, respectively), were not esident (all zones combined; destructive samples).
;

Although some typically warm water taxa occurred for the first time during the operational period, some cold ,

water taxa increased in frequency of occurrence, and other warm water taxa decreased in frequency of occurrence, i

over the same time interval.

Overall, community parameters (biomass, number oftaxa, etc.) and analyses of community structure (numencal

i
classification), as measured through destructive sampling, indicated little change in nearfield intertidal or shallow

j subtidal algal and faunal communities. Of the selected taxa studied in the intertidal zone, percent frequency
of occunence ofAscop/ryusan na+aan screased slightly but sigmficantly in the nea: field area during the operational

period, while Fucur vesiculosis declined significantly in the same zone. In the shallow subitdal zone, only laneuma
,

-

|
digitara densities in the nearfield area declined significantly during the operational period. These trends began
in recent yiewp.gional years and their continuation is attributed to natural cycles in environmental or climatic ;

;

i processes rather than to plant op.eks. Only one intemdal faunal taxon, Ampirhoe rubncata, exhibited an operational
shift in abundance, and this occurred only in the farfield area.'

i

j Impacts associated with increased turbidity, such as shifts in community dominance to species tolerant
of increases in shading, sedimentation rates, and organic loading were not evident at mid-depth or deep stations :

in the nearfield area. Analyses of community parameters and overall structure revealed consistency of nearfield

and farfield algal and faunal communities in both depth zones over both gespmdonal and operational periods,
~

;

reflecting the move stable natural environmental conditions characteiistic of deeper benthic habitats. This stability
,

;

was also exhibited by abundance pattems of selected dominant taxa. None of the mid-depth selected faunal
taxa showed significant changes in abundance during the operational period relative to preoperational abundances.

,

:
Densities ofIaminariadigitara declined at both nearfield and farfield mid-depth stations during the operational

period (a trend that began in late presp.mional years). Laminaria saccharina densities have also declined, but1

|- only in the nearfield area. This decline may be due to the susceptibility of these plants to be removed during j

major storm events (e.g. Hurricane Bah in 1991). None ofthe above-mentioned shifts represents a change beyond |
,

what would be expected from the inherent natural variability of balanced indigenous communities, and no evidence |!

exists to suggest that thermal or turbidity-related impacts have occurred to local macrobenthic communities since
'

Seabrook Station began operation in 1990. ,

i i
| 1

!
'

'
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1

6.0 MARINE MACROBENTHOS organization are the result of a variety ofinteracting
3 physical (e.g., desiccation, water movement, temperature

| 6.1 INTRODUCTION and light) and biological (e.g., herbivory, predation,
recruitment, inter- and intraspecific competition for

De predominant benthic marine habitat in the space) mechanisms, which vary over spatial and

j vicinity of Seabrook Station intake and discharge temporal scales.

structures is rocky substratum, primarily in the form,

of bedrock ledge and boulders. These rock surfaces Because coastal hard-bottom communities are
;

j support rich and diverse communities of anached plants ecologically important, are well documented as effective !

and animals that are important in coastal ecosystems. integrators of environmental conditions, and are

In fact, hard-bottom coastal communities are among potentially vulnerable to localized anthropogenic

the most productive regions in the world (Mann 1973). impacts, studies of these communities have been and ,

This diversity and productivity is accomplished through continue to be part of ecological monitoring programs'

modification of the typically two-dimensional associated with coastal nuclear power plants (Vadas

substratum by the attached plants and animals to create et al.1976; Wilce et al.1978; Osman et al.1981;

a multi-tiered community that enhances the number Schroeter et al.1993; BECO 1994; NUSCO 1994).

of biological niches. Similarly, Seabrook Strion marine macrobenthos'

studies continue to be part cf an extensive environmen-

One of the most productive features of the shore tal monitoring program whose primary objective is to
;

and near-shore biota in the Gulf of Maine is an determine whether differences that exist among i

:
extensive canopy of brown macroalgae. Rockweeds communities at nearfield and farfield sites in the?

| (fuco:ds) inhabit intertidal areas (Menge 1976; Topinka Hampton-Seabrook area can be attributed to power

F et al.1981; Keser and Larson 1984), while kelp inhabit plant construction and operation. Potential impacts

subtidal areas (Sebens 1986; Witman 1987). Urhy on the local macrobenthos from Seabrook Station

i layers generally occur beneath these canopies and operation include direct exposure to the thermal

) contain secondary levels of foliose and filamentous discharge plume, most likely at sites in the upper

algae and upright attached macroinvertebrates over a portion of the water column (intertidal and shallow;

layer of encrusting algal and faunal species, which subtidal zones). Dermal impaus are unlikely in deeper

; occupy much of the remaining primary rock surfaces areas. However, increased turbidity in discharge water i

j (Menge 1976; Sebens 1985; Ojeda anel Dearbom 1989). resulting from transport of suspended solids and

! Also, many niches created in and around this attached entrained organisms could increase shading and the

j biota are occupied by mobile predator and herbivore rate of sedimemation. To assess these potential impacts,

species such as fish, snails, sea urchins, starfish, and studies were implemented to identify the attached plant

amphipods (Menge 1979,1983; Ojeda and Dearbom and animal species occupying nearby intertidal and

1991).
subtidal rock surfaces, to describe temporal and spatial

j pattems of occurrence of these species, and to identify
'

; Another important aspect of fucoid and kelp assem- p ,ical and biological factors that affect variability5

.

blages is the distinct zonation pattem exhibited by the in iocky intertidal and subtidal communities.i

| biota, which throughout the North Atlantic is most
i

obvious in the intertidal zone (Stephenson and2

Stephenson 1949; Lewis 1964; Chapman 1973), but
is also present subtidally (Hiscock and Mitchell 1980;

Sebens 1985). These pattems of community'

6-1
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,

2
6.2 METHODS permanently marked 0.25 m quadrats at three tidal

levels: bare rock zone (approxirnately mean high water
9

6.2.1 Field Methods or upper intertidal), predominantly fucoid-covered zone

(mean sea level or mid-intertidal), and Chondrus

Quanotanve (demuctive) macrofaunal and ti-~44 crispus-covered zone (approximately mean low water
*

samples were collected three times a year (May, August, or lower intertidal). Percent cover of fucoid algae and

November) at six benthic stations (Fig. 6-1); three percent frequency of occurrence were estimated and

nearfield-farfield station pairs were established at lower recorded for organisms from an established species

intertidal (approximate mean seal level: BIMLW, list of perennial and annual algal species, gastropods ,

B5MLW), shallow subtidal (4-5 m; B17, B35) and mid- (Acmaea testudinalis, Littorina spp. and Nucella

depth (912 m; B19, B31) zones. Four additional lapillus), Balanus spp. and Mytilidae. General

stations were sampled in August only: one mid-depth observations for the entire sampling area were recorded

intake station (B16) and three deep water (18-21 m) and photographs were taken of each sampling quadrat

stations (nearfield-B13 and B04, and farfield-B34). within each tidal zone. Frequency of occurrence of 6

This sampling program began in 1978 with four fucoid algae was also recorded along a 9.5 m transect

nearfield stations (B1, B04, B13, and B19) and one line (NAI 1991a).

farfield station (B31). Nearfield station B17 was added
,

to the study in 1979, and nearfield station B16 was Non-destructive subtidal transects were established
'

added in 1980. Subsequently, three farfield stations in 1978 to monitor larger macroinvertebrates and

were added, one in 1980 (B34) and two in 1982 (B35 mactoalgae that were not adequately represented in

and B5). Station sampling histories are summanzed desnuenve samples. Six randomly placed replicate

in Appendix Table 6-1. I m x 7 m band-transects were surveyed at neatfield-

farfield stanon pairs in the shallow subtidal (B17, B35)

Epifauna and epiflors were removed by scraping and mid-depth (B19, B31) zones in April, July and
October. Percent h ueiwy of occurrence was twsded2from five randomly selected 0.0625 m areas on rock i

' surfaces Subtidal collections were drawn through a for dominarrt "understory" macroalgae (Chondrus

diver-operated airlift into a 0.79 mm mesh bag, placed crispus,Phyllophoraspp.andPtilotaserrata) Counts

in a labeled plastic bag, brought to the surface and sent ofModiolus modiolus, Semngylocentotus droelachiensis

to the laboratory for preservation and processing (NAI and the kelp speciesLaminariadigitata, L 3 xcharina,

1991a). Intertidal collections followed a similar Agarum clathratum (formerly called A. cribrosum),

procedure, excluding the use of an airlift. and Alaria esculenta were also made. ;

f A comprehensive record of all visible cigal species Informanon on pattems of recruitment and settlement |

| (" general algae") was made in conjunction with of sessile benthic organisms was obtained from the j

I destructive sampling at each sampling station. In bottom panels program. Bluestone panels (60 cm x |
addition, observations were recorded from the mean 60 cm) were placed 0.5 m off the bottom at Stations |

'

|
low water and mean sea level areas (including tide B19 and B31, beginning in 1982. Stations B04 and

pools) in the intertidal zone. B34 were added in 1986.. Short-term bottom panels'

were exposed for four months during three exposure
,

; .Beginning in 1982, two mid-intertidal stations periods: December-April, April-August,and August-

(approximate mean sea level: BIMSL and B5MSL; December. Long-term bottom pane's were exposed
,

Fig. 6-1) werc evaluated non-destructively during April, for one year, deployed in August and collected in'

' July and December. Observations were mede at August of the following year.'

.
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Figure 6-1. Marine benthic sampling stations. Seabrook Operational Report,1994.
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I 6.2.2 I =haratory Methods All undisturbed bottom panel faces were first
analyi.ed for Balama spp. (which includes Semibalanusi

| All destructive sampleswere washed over a 1.0 mm balanoides) and Spirorbidae, and then scraped toi

sieve. Algal species from each sample were identified remove sessile bivalves and solitary chordates for

; to the lowest practicable taxon, dried for 24 hours at identification and enumeration. Hydrozoa, Bryozoa

|
105'C, and weighed. Fauna previously designated as and any abundant algal species were analyzed only

| selected species were identified and counted from May on long-term panels.

! and November macrofaunal samples. Selected species

i were determined from previous studies to be those

spxies that are the most useful as indicators of overall 6.2.3 ~ Analytical Methods
,

j community type in the study area, based on abundance,

trophic level, and habitat specificity. All faunal species 6.2.3.1 Community
3

; collected in August were identified to the lowest
j practicable taxon; non-colonial species were counted Macroalgal and macrofaunal community analyses

and colonial taxa were listed as present. In niidition, included numerical classification and analysis ofi

*Maee of spirorbid polychastes at subtidal Stations variance (ANOVA) of community parameters such ;

B19 and B3I was estimated from five subsamples of as number of taxa and total abundance or biomass from

the ' alga Phyllophora spp. (which includes P. Augustsamples(Table 6-1). Amixed model ANOVA i

i

pseudoceranoides and Coccotylus truncatus, formerly developed by Northeast Utilities, based on recent review

called P. truncata, of the BACI(before-after-control-impact) model by
Underwood (1994) and Stewart-Osten et al. (1986),

Life history information was obtained for nine was used with all effects considered random, except

macrofaunal taxa at paired nearfield-farfield stations operational status (Proop-Op). Time and location of

where they were most abundant. 'Ihese tar,s (and their sampling were sn idd random factors because both

station pairs) were Ampithoe rubricata sampling dates and selected locations represented only

(B1MLW/B5MLW), Jassa marmorara (B17/B35), a fraction of all possible times and locations (Under-

Pontogencia inermis (B19/B31), Cancer irroratus wood 1994). In addition, the median percent-

(B 17/B35), C. borealis (B 17/B35),Strongylocentrotus frequencies of dominant taxa in the intertidal non-

droebachiensis (B19/B31), Asteriidae (B17/B35), destructive program during the operational penod were

Nucella lapillus (BIMLW/B5MLW), and Mytilidae compared to the median and range from the preoper.

(B1MLW/B5MLW, B17/B35, B19/B31), ational period. Total number of algal taxa from general
collections during 1991-1994 was compared to the

Individuals of all taxa from one subsample taken median and range from the preopentional period. A

at each station in May, August and November were comparison of macroalgal and macrofaunal communi:y

measured to the nearest 0.1 mm and enumerated. For composition during operational and preoperational

all amphipods collected, sex was determined and the periods was carried out using numerical classification ;

presence of eggs or brood was recorded. methods (Boesch 1977). Bray-Curtis similarity indices (
|were computed for the annual August log-transformed

Macroalgae from general collections were identified average densities (macrofauna) rad square-root ,

to the lowest practicable taxon. The complete transformed average biomass (macroalgae). Macroalgal |

macroalgal species list was compiled from both general species with less thar.1.2% frequency of occurrence

and destructive collections and included crustose and macrofaunal species with less than 10% frequency

coralline algae, collected only in August.

6-4
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TABLE 6-1. SELECTED BENTIIIC TAXA AND PARAMETERS USED IN ANOVA OR WILCOXON'S SUMMED RANKS TEST. SEABROOK
OPERATIONAL REPORT,1994.

DATA DATA SOURCE OF
COMMUNITY PARAMETER STATION PERIODS USED CIIARACTERISTICS" VARIATION

IN ANALYSIS IN
bANOVAS

Benthic Laminaria saccharina Bl7 1979-1989, 1991-1994 Mean number per sample Preop-Op*
Macroalgae Laminaria digitata B35 1982-1989, 1991-1994 period and station, no

Alaria esculenta B19,B31 1978-1989, 1991-1994 transformation. Wilcoxon's
Agarum clathratum summed ranks by station.

$ Chondrus crispus B17,B19,B31 1981-1989, 1991-1994 Mean % frequency per year. Preop-Op
Phyllophora spp. B35 1982-1989, 1991-1994 No transformation.
Ptilota serrata Wilcoxon's summed ranks

test.

Chondrus crispus BIMLW, B5MLW 1982-1989, 1991-1994 Biomass per sample period Preop-Op,
Bl7,B35 1982-1989, 1991-1994 and replicate. Square root Station, Year,

transformation, shallow Month
subiidal; no transfonnation,
intertidal.

Number of taxa 111MLW, B5MI.W 1982 - 1994 Amount or number per Preop-Op,
Total biomass Bl7,B35 1982 - 1994 station, year and replicate; Station, Year

BI6,B19,B31 1980 - 1984, 1986 - 1994 no transformation.
B04,1134, Ill3 1979 - 1984, 1986 - 1994

Ascophyllum nodosum BIMSL, B5MSL 1983-1989, 1991-1994 Mean % frequency per Precp-Op
Fucus vesiculosus sample period and year; no
Fucus distichus transformation. Wit-

spp. edentatus coxon's summed ranks test
Fucus distichus by station. -

spp. distichus
Fucus sp.

(Continued)
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TAELE 6-I. (CONTINUED)

DATA DATA SOURCES OF
COMMUNITY PARAMETER STATION PERIODS USED CllARACTERISTI VARIATION

IN ANALYSIS CS* IN ANOVAS"

dBenthic Ampithoe rubricata ' BlMLW, 1978-1989, 1991-1994 Abundance per Preop-Op, Station,

Macrofatma Nucella Igillus B5MIW 1982-1989, 1991-1994 replicate; 3 dates per Year, Month
Mytilidae spat year.

dJassa marmornta B17,B35 1978-1989, 1991-1994
Mytilidae spat 1982-1989, 1991-1994

Asteriidae Bl7,B35 1981-1989, 1991-1994.

1982-1989, 1991-1994

dPontogencia inermis B19,B31 1978-1989, 1991-1994

Mytilidae spat
Strongylocentrotus

droebachtensis

[ Total density BIMLW, 1982 - 1994 Amount or number Preop-Op, Station,
Number of Taxa B5MLW; 1982 - 1994 per year, station and Year

Bl7, B35; 1980 - 1984, 1986 - 1994 replicate; no
B16; B19, B31, 1979 - 1984, 1986 - 1994 transformation

'

B04, B34, Bl3

Modiolus modiolus B19,B31 1980 - 1989, Mean per sample Preop-Op
1991 - 1994 period, Wilcoxon's
- summed ranks tests,

i no transformation.
'

" Log (x4 l) transformation unless otherwise sisted.gbANovAs used except where otherwise noted (e.g., Wilcoxon's tests).
' Preop-Op: Preoperational period vs. Operational period.
dLife stages determined: juvenile /adtdt.

i
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of occurrence were excluded from the analysis. In all, in New England (Vadas et al.1976; Wilee et al.1978;

! 37 algal species and 100 faunal taxa were included Schneider 1981; NUSCO 1994). To assess algal

i in the collections for which similarity indices were community diversity at Seabrook study sites, the number

j computed. The group average method (Boesch 1977) of algal taxa was detennined in two ways. Numbers

was used to c!assify the samples into groups or clusters. of taxa from general collections were used to

; The actual computations were carried out by the qualitatively characterize the overall floristic com posi-

computer program EBORDANA (Bloom 1980). tion at a given study site. The destructive sampling
,

program provided quantitative information on algal
,

diversity (i.e., number of taxa per unit of area), data

6.2.3.2 Selected Species which are more amenable to statistical analysis. In'

these facets combined,139 taxa have been collected |
Comparisons between preoperational and operational during the 17-year study (Appendix Table 6-3). :'

|
! periods were made by means of ANOVA or Wilcoxon's

summed ranks test (Sokal and Rohlf 1969) on data
for the selected species listed in Table 6-1. Some Number of Taxa: General Collections

species were selected for more detailed analyses due
to their ecological or economic importance in the study Seventy-nine algal taxa were collected during the

area. ANOVA was used to test for differences in 1994 sampling year (NAI 1995), which was similar

abundance or biomass becseen periods at nearfield/ to totals from previous operational and preoperational

farfield stanon pairs. The adjusted Least Squares Means years (NAI 1992, 1993; NAI and NUS 1994). No

(LSMEANS, PROC GLM, SAS Institute, Inc.1985) new taxa were added in 1994 (Appendix Table 6-3).

were used in the t-test to evaluate differences when Red algae (Rhodophyta) composed 56% of the floral

the Preop-Op X Stanon interacnon term was significant assemblage in 1994, brown algae (Phaeophyta) 26%,

aux s 0.05. To further facilitate interpretation ofthese and green algae (Chlorophyta) 18% (NA11995). These

differences, the adjusted LS means for operational and ywycnions were similar to other operational years (NAI

preoperational periods were plotted by station. The 1992, 1993; NAI and NUS 1994), to the overall

Wilcoxon's test was used to tes+ for significant preoperanonal penod (51% red,27% brown,22% green;

differences in percent-frequency or abundance of Appendix Table 6-3), and consistent with other New

selected macroalgal taxa between preoperational and Hampshire studies (Mathieson and Hehre 1986).

operational periods at each station.
As with previous operational years, numbers of taxa

from general collections in 1994 were within the range

63 RESULTS AND PISCUSSION of annual numbers from preoperational years at most

(9 of 12) stations (Fig. 6-2). The total numbers of taxa

6J.1 Marine Macroalgae collected at B lMLW and B34 in 1994 were lower than
ranges established during the preoperational period,

6.3.1.1 Horizontal Ledge Communities while the total collected at B35 was higher. The 1994

totals were also comparable to other operational years.

Number of Taxa In general, fewer taxa were collected during most of
the operational years at intertidal, mid-depth subtida!

Assessment of spatial and temporal pattems in and deep subtidal stations than were collected during

number of algal taxa has proven useful as an indicator the pmepm dional period. At the same time, more taxa

of impacts associated with several nuclear power plants were collected at shallow subtidal stations during |

6-7
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operational years than were typically collected during stations had the highest number of taxa in 1994, as

preoperational years. in previous years, although mid-depth stations on
average did not differ substantially from deep subtidal

During the g+,4ional period, the highest numbers stations. There were no preoperational-operational or

of taxa were collected at lower intertidal stations station differences in any depth zone, nor were any

. (B 1MLW and B5MLW), followed closely by shallow significant interactions between period and station

subtidal stations (B17 and B35), mid-depth subtidal detected in any depth zone (Table 6-3). |

stations (819 and B 31) and the ncarfield mid-intertidal
station (B1MSL; Figure 6-2). The lowest numbers
of taxa were collected at the deep subudal stanons (B04, Total Biomass -

B34 and B13) and the farfield mid-intertidal station
2

(B5MSL). During 1994 specifically, the highest Total algal biomass (g/m ) exhibited a distinct

numbers of taxa were collected at the intertidal and pattem over depth zones during 1994 and over both

~ hallowsubtidalstations,followedbymid-depthsubtidal preoperational and operational periods that was similars

stations and deep subtidal stations. The one exception to that described previously for number of taxa (Table

to this pattem was B5MSL, which had the lowest 6-2). Biomass in August was consistently highest at

number of taxa over all stations. This pattem is shallow subtidal and intertidal stations, and lowest at !

r +,donal period. deep stations. Although the number of taxa collectedidenticalto that observedin the e

' Ibis zonal panem was consistent with studies embH was similar between mid-depth and deep subtidal*

ched.ere on the New Hampshire coastline (Mathieson stanons in 1994, mid-depth biomass in 1994 was greater

et al.1981). than deep biomass, as in past years. A significant
Preop-Op X Station interaction was detected in the

Nearfield-farfield differences were apparent in all intertidal zone (Table 6-3). Biomass declined

station pairings in 1994. Farfield stations had a higher sigmficantly at both stations between the g+sonal

number of taxa than nearfield stations in the mid- and operational periods, however, the decline was

intertidal zone, shallow subudal zone, and the mid-depth considerably steeper at the nearfield station (B 1MLW)

subtidal zone. Nearfield stations had a higher number compared to the farfield station (B5MLW; Table 6-3,

of taxa than farfield stations in the remaining zones Figure 6-3). Fluctuations in the timing of peak biomass

(lower intertidal and the deep subtidal). In each pairing, (either prior to or after August) likely accounts for this

differences noted in 1994 were consistent with interaction. When all three months during which

differences noted in the preoperational period. biomass was recorded are considered, the Preop-Op

X Station interaction is no longer significant (Table

6-3). This is consistentwith the results of the ANOVA

Number of T===: Onntitative Samnies for Chondrur crispus biomass (the overwhelming
dominant with respect to biomass in this zone), which

,

Numbers of algal taxa bued on August quantitative uses all three sample periods in the model; this i

i (destructive) samples, in general, followed a pattem ANOVA will be discussed further in the following |

j similar to that from qualitative (general collections) section.

! sampling during both the preoperational and operational

j periods. The most taxa were typically collected at

|
shallow subtidal and intertidal stations, with fewer taxa |

| at mid depth stations and lowest numbers at deep

stations (Table 6-2). Shallow subtidal and intertidal
.

6-9
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TABI.E 6-2. ARifllMEIM.* MF.ANS AND COEFFICIFNIS OF YARIATION ICV,%) FOR NUMBER OF AIAAI, TAXA, TOTAL. Al,GAI. RIOM ASS, AND Of0NDRUS CISM/S
BHMlASS AT VARIOUS DErillS AND STATIONS DilRING 1994 AND DURING Tile PREOPERATIONAL AND OPERATIONAL. PERIODS.
SEADROOK OPERATIONAI REPORT,1994.

PREOPERATIONAI." REPORT YEAR OPERATNDNAl.

8978 - 1999 1994 1990 - 1994

PARAMEI ER DEPTIl ZONE STATION MEAN CV MEAN MEAN CV

Number of taxa Intertidal BIMI.W 11.1 31.8 11.0 9.6 14.0
b

2 B5MLW l8.1 22.6 I l .8 13.6 11.3
(no. per 0.0625 m )

Shallow subtidal BI7 11.4 15.2 11.2 11.2 7.2

B35 15.3 15.0 18.0 14.4 22.9

Mid. depth 1119 10.2 13.0 7.6 9.2 14.5 -
*

B31 11.1 12.4 10 0 10.8 16.0

B16 9.0 8.3 8.8 9.4 15.5

!

Deep B04 7.6 10.2 8.4 7.6 9.0

1113 7.9 8.9 10.4 8.3 17.4
'

1134 7.7 7.9 7.2 7.4 5.8

P Total biomass Intertidal BIMI.W 1300.5 32.7 1857.6 1027.4 25.7b
2 B5MI.W l198.0 27.4 926.9 1008.3 10.7

5 (g/m )

Shallow subsidal 1117 1208.4 12.9 1645.0 1316.1 17.6

B35 1870.0 21.4 1688.5 1204.7 24.7

Mid-depth B19 308.6 25.8 195 0 343.6 30.6

B31 471.2 27.5 328.0 364.6 16.5

B16 779.8 28.1 763.5 592.1 22.2

l)cep B04 99.7 30.1 95.5 93.3 20.5

Bl3 96 0 32.1 58.2 81.1 60.2

B34 71.4 71.3 60.5 40.9 41.7

Chondrus crispus biomass * Intertidal BIMt.W 908.7 27.6 10!l.0 995.1 10.5

2 115MLW 787.8 26.9 792.0 762.5 20.5
(g/m )

Shallow subtidal Bl? 644.1 18.9 81l.9 633 8 16.7

B35 477.3 10.9 700.8 471.1 34.4

Mid-depth B19 1.4 135.5 4.9 2.0 99.3

1131 99.9 40.7 99.8 115.1 54.6

* Stations IllMt.W. 1117.1189.Illi: 1978 - 1989; Stations ll5MI.W 1135: 1982 - 1989; Station 1116: 1980 - 1989; Station 1113.1104: 1978 1984. 1986 - 1989;1134: 1979 - 1984, 1986 - 1989.
Mears of anment means.
August ondy. Elierefore operational period = 1990-1994b

' Sampled desuuctively tluce times simuelly at intertidal, shallow and mid-depth subtidal only. Rascly collected at deep stations. Operational period for triannual collections =1998 1994.

_



2 2TABLE 6-3. ANALYSIS OF VARIANCE RESULTS FOR NUMBER OF TAXA (per 0.0625 in ) AND TOTAL BIOMASS (g per m ) OF
mat ROALGAE COLLECTED IN AUGUST DESTRUCTIVESAMPLES ATINTERTIDAL,SIIALLOW SUllTIDAL, AND DEEP
STATIONS DURING PREOPERATIONAL AND OPERATIONAL YEARS. SEABROOK OPERATIONAL REPORT,1994.

PARAMETER DEPTil ZONE SOURCE OF df MS F' MULTIPLE COMPARISONS
(STATIONS) VARIATION (Ranked in decreasing order)

Preop-p' I 378.73 4.40 NSNumber of Taxa Intertidal
(DiMLW, B5Mt.W) Station i 723.75 31.90 NS

Year (I w-Op)* II 76.86 5.65 * "
dPreop-Op X Station 1 22.61 1.66 NS

Station X Year (Preop-Op)* 11 13 60 2.02 *
Error 100 6.74

Shallow Subtidal Preop-Op i 22.96 1.11 NS

(B17.1135) Station 1 319.69 ' non-est.''
Year (Preop-Op) iI 33.99 2.51 NS
Preop-Op X Station 1 0.09 <0.01 NS
Station X Year (Preop-Op) Ii 13.52 2.67 " *

P Error 100 5.06
C

Mid-depth Preop-Op 1 5.82 0.30 NS
(u t6, u t9,1131) Station 2 51.10 5.54 NS

Year (Preop-Op) 12 15.39 3.05 " *
Preop-Op X Station 2 9.13 1.81 NS -

Station X Year (Preop-Op) 24 5.05 2.82 " *
Error 167 1.79

Deep Preop-Op I <0.01 <0.01 NS
(804 U34,1113) Station 2 7.24 6.36 NS

Year (Preop-Op) 13 5.49 2.86 *
Preop-Op X Station 2 1.16 0.61 NS
Station X Year (Preop-Op) 26 l.92 1.65 *
Error 180 1.16

(Continued)
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TABLE 6-3. (CONTINUED)

PARAMETER DEITII ZONE SOURCE OF df MS F* MULTIPLE COMPARISON'

| (STATIONS) VARIATION (Ranked in decreasing order)

Total Biomass Intertidal Preop-Op I 3,328,262 2.60 NS

(niMt.W. B5Mt W) Station I 852,364 1.36 NS

| Year (Preop-Op) iI 783,334 6.20 '"
Preop-Op X Station 1 621,274 4.91* nl. Pre os-Pre 1110 ns.o.

Station X Year (Preop-Op) 1I 126,337 2.10 *
,

Error 100 60,204

Inwitidd Preop-Op I 341,446 0.48 NS
'

(n t Mt.w. nsut.w) Station i 664,315 3.97 NS

Month (Year) 24 847,750 14.13 " *
Year (Preop-Op) 10 682,608 0.73 NS

Preop-Op X Station i 168,786 0.98 NS

P Station X Year (Preop-Op) 10 167,439 2.79 * *

U Error 272 59,977

Shallow Subtidal Preop-Op I 169,435 0.50 NS
(nl7, n35) Station i 145,471 3.02 NS

Year (Preop-Op) 1I 401,940 3.51 *
Preop-Op X Station I 49,118 0.43 NS

Station X Year (Preop-Op) 11 114,488 1.44 NS

Error 100 79,517

Mid-depth Preop-Op I 357,541 1.48 NS
,

| (a t6, lit 9. n31) Station 2 2,309,951 12.61 NS

|
Year (Preop-Op) 12 139,476 1.77 NS

|
Preop-Op X Station 2 180,904 2.29 NS

| Station X Year (Preop-Op) 24 78,979 2.11*"

Error 167 37,497

(Continued)

|
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TABLE 6-3. (CONTINUED)

PARAMETER DEPTil ZONE SOURCE OF df MS F* MULTIPIA COMPARISON'
(STATIONS) VARIATION (Racked in decreasing order)

Deep Preog. Op I 16,556 non-est."
(not,n34.BlJ) Station 2 31,286 12.92 NS

J
Year (PreogrOp) 13 4,952 0.65 NS ,J
Preop-Op X Station 2 2,571 0.34 NS
Station X Year (Preop-Op) 26 7,601 5.45 " *
Error 180 1,395

" Compares Preop to Op, regardless of station; years included in each station groaping (Op Years = 1990-1994 for all):
BIMt.W, B5MI,W: 1982-1998
Bl7, B35: 1982-1994
Bl6,B19,B31: 1980-1984, 1986-1994
B04, B34, B13: 1979-1984, 1986-1994

6Stations within depth zone.

_?' ' Year nested within preoperational and operational periods regardless of area.
w d interaction of the two main effects, Preop-Op and Station.

' Interaction between station and year nested within preoperational and e;,crational periods.

rNS = Not significant (p>0.05); * = Significant (0.052p>0.01); ** = liighly significat (0.012p>0.001); '" = Very ilighly Significant (0.0012p).
8 Underlining indicwes that t-tests showed no significant diffen ' 50.05) among the underlined least squares means.
"Non-estimatable due to negative mean square denominator.
' Includes all months (May, August, November). Month (Year) = month nested within year regardles of station.
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Figure 6-3 Comparisons among stations for mean total macroalgal biomass in the intenidat
zone during the preoperational (1982 1989) and operational (1990-1994) periods
for the signi5 cant interaction term (Preop-Op X Station) of the ANOVA model
(Table 6-3). Seabmok Operational Report,1994.
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) Macroalgal Community Analysis The intertidal stations (BIMLW and B5MLW)
comprised a discrete entny (Group 1) that was dissimilar ;'

j Multivariate community analysis techniques were to the other groups. This group was characterized by
!

| ' used in this study to quantify the degree of similarity high biomass values for Chondrus crispus and

; among all August macroalgal collections made at the Mastocarpus stellatus (this was the only group that

j macrobenthic sampling stations since 1978. In this included M stellatus) and an absence of Phyllophora

' case,155 station / year collections, .y.-.; d by square- spp. (Table 6-4). Group 1 also included a moderate ;

root transformed biomass values of 37 macroalgal taxa, amount of Corallina opcinalis. Similarly, Group 2
. '

! were grouped into clusters according to Bray-Curtis (the shallow subtidal stations B17 and B35) was

! similarity indices. A power plant induced impact to - characterized by high C. crispus and Phyllophora spp.

]
the macroalgal community could be inferred from the abundance, and less r amounts of Ceramium nodulosum

- failure of operational years' collections (1990-1994) (fory:rly called C. rubrum), Cystocloniumpurpurrum,
1

j at a station to be grouped with collections from C. ofcinalis, and Phycodrys rubens. The assemblages
-

j preoperational years (1989 and earlier) at that station. consisting of the three mid-depth stations (Groups 3, !
-

1 However, 'all collections were invariably grouped by 4 and 5; stations B31, B 16 and B 19, respectively) were

| station, with all years (preoperational and operational) dominated by Phyllophora spp. Among the three
,

included (Figure 6-4); each group was distinguished stations, Phyllophora spp accounted for 48 to 67% |
2

| from the others by the abundance of a d=m wistic of total abundance (ca. 202-405 g/m ) during
'

,

i macroalgal species assemblage. preoperational years, and during operational years ,

!

!

"} --- mensese Osmap samaarmy

i I H - Wishia Gsump samaanny

o. -
;

s
.

NNN
f &4 = .

>,
0 #

i ! . i.
,

: 3 u.
Number of semples ;

1 -

ii
Ib Ic Ils iibi

E
o.s -

i

3 ::::=+E:::?"-

: : :0:-:_ _ -- - .: ..Z0:0:. :::g:g:.:.:u- .; 9 .: q
;p{|

; .:..-*
;;$:. .-: -. ..

,4 y,. ..=u- ;+:e.s: ..

:

:!I::[:[I:: {:{{ : = 55'

{; 1.o . - - .-
----------'

Geeup 1 Grump 2 Group 3 Grump 4 Groups Group 6 Group 7

,' f
4 4 .A a e n

OsumpI Isassadal(31MLW 35MLW))
Guamp 2. Shauser Sebadal (B17. Els) -
Geomp 3 Mid depsh: Pasanid (331)
Gsump 4.Mid espeh: Juambs(B16)
Gsemp 5. Mad dupsh: Dusaharga (B1p)
Guamp 6. Deep Insehr (B13)

jGn p7-om ps nisshusedesa id(sos,as4)

,

Figure 6-4. Dendrogram and station groups formed by numerical classification of August collections
of marine benthic algae,1978-1994. Seabrook Operational Report,1994
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TABLE 6-4. SUMMARY OF S/ATIAL ASSOCIATIONS IDENTIFIED FROM NUMERICAL CLASSIFICATION (1978 - 1994) GF BENTHIC
M ACROALGAE SAMPLES COLLECTED IN AUGUST DESTRUCTIVE SAMPLING. SEABROOK OPERATIONAL REPORT.1994.

2GROUP BIOMASS (g/m )
WITIllN/

BETWEEN PREOl* Old

DEPTil MEAN YEARS GROUP :

ZONE STATION DEPTil (m) INCLUDED SIMILARITY DOMINANT TAXA' LCL MEAN UCL LCL MEAN UCt. |

Inte1idal ElMLW MLW 1978 - 1994 0.68/033 Chondrus crispus 796.4 986.2 .175.9 568.9 808.1 1047.2

H5MLW MLW 1982 - 1994 Mastocarpus stellatus 106.6 215.2 323.9 42.4 185.9 3293-

Corallina oficinalis 19.9 5I3 82.5 0.7 19.0 373

Shallow Bl7 4.6 1978 - 1994 0.74/0.55 Chondrus crispus 662.6 774.2 885.9 547A 781.6 1015.9

Subtidal H35 1982 - 1994 Phyllophora spp. 142.8 204.7 266.6 125 3 232.2 339.2

Ceramlum nodutosum 48.6 693 90.0 54.8 84.2 113.6

Cystoclonium purpureum I 5.5 56.6 97.7 35.6 76.7 l11.9

Corallina oficinalis 283 51.6 14.8 20.9 34.1 473
Phycodrys rubens 1 I.2 18.8 26.4 I 8.7 25.1 31A '

T '

E Mid- Bl6 9.4 1980 - 1984; 0.79/0.68 Phyllophora spp. 304.6 404.5 5043 211.6 289.9 368.2

depth 1986 - 1994 Phycodrys rubens 117.8 188.9 259.9 53.8 134.6 2153

Intake Chomhus crispus 26.5 57.0 87.4 0.0 44.5 l19.9
Cystoclonium purpureum I 8.0 44.5 7I .0 73 3 I .6 55.9

Ceramium nodulosum 14 3 35.0 55.7 0.0 443 98.7

Callophyllis cristata 23.8 32.5 41.1 I 1.6 30.7 49.8

(Continued)

t

_ _ _ _ _ . . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ - _ __ ___ ________ _ _.
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TABLE 6-4. (CONTINUED)

3GROUP BIOMASS (g/m )
WITillN/

BETWEEN PREOP" OP'
DEPTil MEAN YEARS GROUP
ZONE STATION DEPTil (m) INCLUDED SIMILARITY DOMINANT TAXA * LCL MEAN UCL LCL MEAN UCL

Mid-depth B19 12.2 1978 - 1994 0.77/0.68 Phyllophora spp. 163.6 201.9 240.1 106.6 I%.4 286.2
Discharge Phyrodys rubens 30.9 50.2 60.6 41.7 %.0 1503

Corallina ogicinalis 10.8 15.2 45.8 23 6.5 10.7
Callophyllis cristata 6.8 12.5 7 I .8 5.9 I43 22.6
Ptilota serrata 9.7 16.0 623 2.8 9.I 15.4

*

Cystoclonium purpurcum I.6 6.0 I i6.5 3.2 9.9 I6.5

Mid-depth B31 9.4 1978 - 1994 0.80/0.65 Phyllophora spp. 148.5 213.2 277.8 67.7 146.8 225.9
Farfield Corallina oficinalis 71.1 97.8 124.5 67.0 89.9 I I2.7

Chonchus crispus 72.5 114.8 157.1 9.6 78.5 147.4
Phyrodrys rubens 17.4 22.9 28.4 6.0 26.0 46.1

$ Deep Bl3 183 1978 - 1984; 0.66/0.53 Phyllophora spp. 45.1 68.8 92.6 6.7 62.5 |183" Intake 1986 - 1994 Ptilota serrata 7.6 11.5 15.5 0.0 5.5 12.9
Phycosys rubens 2.9 5.8 8.8 0.0 4.6 94
Polysiphonia urceolata 0.0 2.9 6.2 0.0 2.6 6.4
Scagelia pylaisaei 0.0 2.9 5.7 0.0 3.0 6.9

Deep B04 18.9 - 2'.0 1978 - 1984; 0.66/0.53 Ptilota serrata 45.7 64.0 823 303 453 60 3 ..
Discharge / 1986 - 1994 Phyllophora spp. 5.9 11.0 16.0 2.9 10.5 18.1 -

Farfield B34 1979 - 1984; Corallina oficinalis 33 6.9 10.4 b.0 1.4 2.8
1986 - 1994

* Dominant taxa compose 2% or more of total abundance in either or both of the periods (Preop, Op).
6
Preop = preoperational, 1978-1989 period (Stations BIMLW,1117, B19, B31: 1978 - 1989; Stations B5MLW, B35: 1982-1989; Station B16: 1980 - 1984,

1986-1989; Stations BI3,804: 1978-1984,1986 - 1989; B34: 1979 - 1984, 1986-1989).
'Op = 1990-1994

i

_ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ ____ . - _ - _ - - - - . - . . . _ . ,_ _ . _ . .. - - . _ , . -. .
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accountedfor43 59%oftotalabundance(ca.147-290 tional or operational period or both (Table 6-5), eight
:

g/m ; Table 6-4). P. rubens was among the dominants were fouad in both preoperational (1989 and earlier)2I
I

at each of the three mid-depth stations in both periods. and operational (1990-1994) periods, but have decreased
'

An additional six taxa (C. crispus, C. oficinalis. C. in frequency of occurrence in the operational period.

purpureum, C. nodulosum, Callophyllis cristata, and Six species were found in both periods, but have
.

Ptilota serrata) were present at one or two of the become relatively more frequent since Seabrook Station [

stations in amounts equal to or exceeding 2.0% of total began operation. Sixteen species were found in

j abundance (Table 6-4).
preoperational years, but have not yet been collected j

in the operational period; four species have been

The deep water groups were segregated from the- identified for the first time since S arcok Station stan- ;'

other stations on the basis of low macroalgal biomass up. None of the 33 rare species was considered a major
>

! (<200 g/m , groups 6 and 7 combined; Table 6-4). component of the local macroalgal flora (average2
2 i

The Group 6 assemblage (deep water intake station biomass was <0.10 g/m ), nor were the reductions or

B 13) was dominated by Phyllophora spp., with lesser
increases of occurrence during the operational period

amounts of Ptilota serrata, Phycodrys rubens, considered to represent a significant alteration of the ,

Polysphonia urceolara and Scageliapplaisaci(formerly established algal community.
; -

called S. corallina). Group 7, which included the deep

water farfield and discharge stations B04 and B34, was Another monitoring study, evaluating the impacts

dominated by P. serrata, with lesser amounts of associated with construction and operation of a nuclear

Phyllophora spp. and Corallina oficinalis. power plant on the anached macroalgal flora (NUSCO
i

1994), documented % incursion of a thermal effluent

Total algal biomass for each group except Group to nearby rocky shore sites caused an alteration of the ;

2 (shallow subtidal stations B 17 and B35) and Group algal community at those sites. Specifically, there was t

5 (mid-depth subtidal discharge station B 19) declined an increased frequency of occurrence (i.e., extended |

during the operational period. The intertidal group growing season) for species requiring or tolerant of f

(Group 1) had the highest preoperational biomass, but warm water, and an absence or reduced frequency of

the shallow subtidal stations' biomass exceeded occurrence for species with cold water affinities. If

intertidal biomass during the operational period. Total similar trends were observed in the macroalgal

biomass do.ii a.d with increasing depth among the community near Seabrook Station, it could be

groups, as was shown in the individual station mean considered evidence of a power plant impact. However,

biomass values (Table 6-2). of the three rare species that showed relatively large ;

|increases from preoperational to operational periods,

'Ihe community analysis techniques described above (Bonnemaisonia hamifera, Desmarestia viridis, and

used biomass values from a large number of algal taxa Petalonia fascia (Table 6-5), the latter two are

(37 out of a total of 67; all those with an overall associated with cold water, and typically found in late |

frequency of occunence of at least 1.2%). However, winter /early spring (Taylor 1957). Bonnemaisonia

these analysea are influenced most strongly by hamrferia is a small, bushy red algae described by

commonly found species with high total biomass; small, Taylor (1957) as an " exotic," typically found off r

rarely found taxa contribute little to the Bray-Curtis southem Massachusetts and into Long Island Sound.

similarity indices. Therefore, a further community B. hamrfera has also been recorded from coastal New '

analysis was performed, examining rare species (overall Hampshire and from Great Bay by Mathieson and Hehre ,

'

frequency of occunence less than 4%). Of the 33 (1986). None of these taxa are considered nuisance

species that met this criterion in either the preopera- species. Leathesia difformis, described as a summer j
:

f6-18
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TABLE 6-5. A COMPARISON OF PERCENT FREQUENCY OF OCCURRENCE OF RARELY FOUND
SPECIES (OVERALL FREQUENCY OF OCCURRENCE <4%) IN AUGUST |

DESTRUCTIVE SAMPLING DURING PREOPERATIONAL (1978-1989) AND;

OPERATIONAL (1990-1994) PERIODS, AND OVER ALL YEARS (1978-1994).
SEABROOK OPERATIONAL REPORT.1994.

SPECIES PREOPERATIONAL OPERATIONAL ALL YEARS

Gymnogongrus crenulatus 4.1 3.6 3.9

Bonnemaisonia hamifera 1.4 8.4 3.7

; Ectocarpusfasciculatus 4.7 0.4 3.3 :

Polyides rotundus 3.1 3.2 3.1

Desmarestia viridis 0.6 6.0 2.4*

Leathesia difformis 2.9 0.4 2.1

Ulvaria obscura v. Blyttii 1.8 0.4 1.3

Cladophora sericea 1.4 0.8 1.2 ;.

Petaloniafascia 0.4 2.8 1.2

Porphyra miniata 1.4 0.8 1.2

Monostroma grevillet 1.6 1.0.

Ectocarpus siliculosus 1.0 1.2 1.0
,

Palmariapalmata 1.4 0.4 1.0

Spongomorpha spinescens 1.0 0.7.

Pilayella littoralis 1.0 0.7
,

.

.,

Gigordia granulosa 0.3 0.5.

;
Sphacelaria cirrosa 0.6 0.4 0.5 ,

Enteromorphaprohfera 0.6 0.4.

Dumontia contorta 0.6 0.4.

Ceramium desiongchampil 0.6 . 0.4

Polysiphonia harveyi 0.6 0.4.

Chordariaflagelhformis 0.8 0.3
.

Scytosiphon lomentaria 0.2 0.4 0.3 '

'

\ Spongonema tomentosum 0.4 0.3.

Isthmoplea sphaerophora 0.8 0.3
.

Ulvaria oxysperma 0.2 0.1.

Enteromorpha intestinalis 0.2 0.1.
1

Enteromorpha lin:a 0.2 0.1.

0.4 0.1Bryopsis plumosa .

Plumaria elegans 0.2 0.1.

Polysiphonia denudata 0.2 0.1.

0.4 0.1Polysiphonia nigra .

rntneindin viridis nn n1

6-19
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plant, decreased in frequency of occurrence during the kelp species at shallow subtidal stations (B17 and B35),

operational period. The filamentous brown alga with greater amounts of L. digitata occuMng at mid-

Ectocarpusfasciculatus, described by Taylor (1957) depth stations (B19 and B31). Agarum clathmaem was

as being adapted to warmer waters, also declined in a codominant at mid-depth stations (particularly at B 19).

frequency ofoccurrence during the operational period. Moderate amounts of Alaria esculenta were also

Both trends are the converse of the expected response observed in this zone (Table 6-6). In 1994, L

to a thermal incursion. Trends observed in taxa saccharina dominated the shallow subtidal as in past

appearing for the first time in the operational period years, while A. clathratum was the overwhelming

are less conclusive. One form,Isthmoplea spaerophora, dominant at mid-depth stations.

is a cold water species, ranging from northem
Massachusettsto Labrador (Taylor 1957). Two taxa, According to the results of Wilcoxon summed ranks

Bryopsisplumosa and Polysiphonia nigra, are wann
tests, the density af Laminaria digitata declined

water forms more typical of southem New England significantly between preoperational and operational

and even further south along the Atlantic coast. periods at stations B17, B19 and B31 (Table 6-6).

Chordariaflagelhformis is a characteristic species of The decrease in operational means at these sites in

northem New England, but is adaptable to warmer comparison to preoperational means resulted from a

waters in general, the macroalga! communities in the general decline in abundance of L digitata that began

vicinity of Seabrook Station are typical of those reported pr.ior to power plant start-up (e.g.,1980 at B19,1983

elsewhere in northem New England (e.g., Mathieson af B17 and 1980 at B31) and was further exacerbated

et al.1981; Mathieson and Hehre 1986). No impact by Hurricane Bob in 1991, when large scale removal

on these communities as a result of construction or
of several kelp species, particularly L diMata at B 19,

operation of the power plant has been observed to date.
was eoted (NAI 1992). Laminariasaachurinadensity
also declined during the preoperational penod at

IStations B 17, B 19 and B31, although this decrease was

Kelo and Understory Species (Non-Destructive significant only at B19 (Table 6-6).

Monitorine Procram)
Pattems of occurrence and abundance of some

Extensive canopies of several kelp species commonly understory species can be influenced by the degree of

occur in coastal subtidal zones (4-18 m) in the kelp eanopy cover (Johnson and Mann 1988). Common

northwestern Atlantic, and can account for up to 80% understory species in the Seabrook area, occurring

of total algal biomass (Mann 1973). In the Gulf of beneath and adjacent to kelp canopies, include the

Msine, Laminaria spp. (mostly L saccharina and L follose red algne Chondrus crispus. Phyllophora spp.

digitara) are most common in the shallow subtidal zone and Ptilota serrara. Mean percent frequencies of

(4-8 m), while a mixture of Agarum clothratum, occurrence of the three dominant understory algae

Laminana spp. and Alaria esculenta are found in deeper during 1994 and during preoperational and operational

zones (Sebens 1986; Witman 1987; Ojeda and Dearbom periods are presented in Table 6-6. Pattems of

1989).
distribution of these species in fixed transects were

similar to those observed from biomass collections

A similar distribution of kelp species was found at (Table 6-4). The shallow subtidal zone (B 17/B35) was

Seabrook study sites during the preoperational and dominated by extensive turfs of the perennial red alga

operational periods. Laminaria spp. were commonly Chondrus crispus (ca. 50-75 % over preoperational and i

found in both shallow and mid-depth zones during the operational periods), with moderate occurrences of

pperational period.1. saccharina was the dominant Phyllophora spp. (ca. 20-27%). In the mid-depth zone

6-20
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TANLE 6-6. PREOPERATIONAL AND OPERATM)NAL MEANS AND COEFFICIENTS OF VARIATION (CV,%),1994 MEANS, AND RESULTS OF
2

WILCOXON'S SUMMED RANKS TEST COMPARING DENSITIES OF FOUR KELP SPECIES (#/100 m ) AND PERCENT FREQUENCY
OF OCCURRENCE OFTl!REE UNDERSTORY SPECIES BETWEEN OPERATIONAL AND PREOPERATION AL PERIODS". SEABROOK
OPERATIONAL REPORT,1994.

PREOPERATIONAL 1994 OPERATIONAL *

TAXON STATION MEAN" CV MEAN MEAN" CV n' Z'
2KELPS (#/100 m )

Laminaria digitata Bl7 213.9 51.0 65.8 40.5 42.9 15 -4.97 "*
H35 155.8 45.5 142.0 134 3 263 12 -0.54 NS
B19 139.9 65.7 3.2 15.7 54.6 16 -4.75 " * -

B31 500.2 31.0 116.6 218.2 32.4 16 -4.79 " *

Laminaria saccharina B17 415.1 51.8 330.0 334.8 52.1 15 -1.03 NS
H35 325.7 42.2 451.4 329.0 32.9 12 030 NS
B19 59.1 152.2 4.8 13 3 453 16 -2.25 * |

D31 95.5 59.I 70.6 73.0 15.6 16 -1.01 NS

Alaria esculenta H19 2.4 307.8 0.0 4.8 1863 16 1.17 NS
'

H31 75.2 115.8 46.0 63.5 68.5 16 0.31 NST
!? Agarum clothratum Hl9 786.6 34.6 855.2 694.9 19.4 16 -l.23 NS

B31 366.4 37.0 885.8 425.5 72.2 16 -0.51 NS

UNDERSTORY (% FREQUENCY)
Chondrus crispus Bl7 71.8 7.7 83.0 74.6 10.8 13 1.3I NS

B35 54.1 16.8 64 3 62.0 163 12 1.44 NS ;

Bi9 4.2 116.0 13 53 90.4 13 0.63 NS
B31 21.0 42.2 143 2'.. I 29.4 13 0.85 NS

Phyllophora sp. n17 203 36.7 17.0 2I3 36.7 13 -0.54 NS
H35 19.9 52.2 23.7 27.2 44.1 12 0.59 NS
B19 34.0 213 21.7 32.9 27.7 13 -1.00 NS
B31 31.8 25.5 26.7 26.5 26.0 13 -l.47 NS

Ptilota serrata Bl7 0.8 126.9 0.0 0.9 138.7 13 -0.18 NS
B35 0.6 122.5 0.7 0.6 70.I 12 0.26 NS
B19 35.6 25.5 55.7 413 31.1 13 0.23 NS
B31 13.1 37.8 30.7 14 3 78.1 13 -0.85 NS

'All taxa collected on non-destmetive subtidal transects in April, July, and October.
bMean of annual means. Preop years for kelps- Stations B19,1131: 1978-1989; Station Bl7: 1979-1989; Station 1135: 1982-1989. For understory species-Stations
1117, Ill9, B31: 1981-1989; Station 35: 1982-1989.

*1991-1994.
d = number of years, both periods combined.n
' Wilcoxon's test: NS = not significant (p>0.05); * = significant (0.052p>0.01); " = highly significant (0.0,12p>0.001); "* = very highly significant (pso.001).

_ _ - _ , _ _ _. _. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



- . - _ . -. . _ - - - - ~ - _ _ _ - - - -- . - - - - .-

|

|
MARINE MACROBENTHOS,

i

I,

! (stations B19 and B31), Phyllophora spp. and Ptilota At Seabrook intertidal study sites, mucH f the high ,

: smata were dominant. Phyllophora spp. was dominant intertidal zone, denoted as Bare Ledge, cou n:s ofbare |
J

: at B31 during the preoperanonal (32%) and operational rock with seasonal and perenrual populations of fucoids

| periods (27%), although Ptilota serratawas dominant (Fueur spp. and Ascophyll:en nodosum), and seasonally

i in 1994 (31%; Table 6-6). Ptilota serrata was abundant ephemeral green algal turfs (mostly an :

!

j dominant at B19 during all periods (36-56%). association of Urosporapenicilliformis and Ulothrix,

flacca). Fucoids were absent from sampling quadrats
*

i Relationships in panerns of occurrence of understory at nearfield station B1 in April and July during much

taxa between depth zones and between nearfield-farfield of the operanonal period; however, heavy sets of fucur |
i

| stations have remained remarkably consistent over the spp. germlings often occurred after that time, resulting

study period; operational means were not significantly in high frequency of occurrence (median value of 44%) |
;

different from preoperational means for all species, ofyoung fucoids by December (Table 6-7). This annual j
!

I at all stations (Table 6-6). These consistent partems cycle of fucoid abundances has been observed

of occurrence are likely due to the perennial habit of consistently over the operational period (NAI 1992, |

j each of these species (Taylor 1957), which allows 1993; NAI and NUS 1994), and has also been noted ;

populations to maintain dominance once established. during some preoperational years. j
!,

1 !

' In general, fluctuations in fucoid abundances at B 1 ;
,

j Inter ual Ce---=lties (Non-Destructive have been high during the preoperational and ,

Monitorian Prograri operational periods, and likely reflect variability in j'

recmitment and the conditions for new recruit survival j

Macroalgal species abundance pattems on intertidal ch.ie.wdstic of the high intertidal (Keser and Larson ;

rock surfaces exhibit striking panerns of zonation, which 1984; NUSCO 1992). This variability is apparent in ;
'

result from factors directly and indirectly related to the frequency of occurrence of fucoids in 1994, when

tidal water movement (Lewis 1964; Chapman 1973; they occupied relatively large proportions of the |

Menge 1976; Luid,sc 1980; Underwood and Denley quadrats in April and July (69 and 75%, respectively), i

1984). To effectively monitor macroalgal species but were absent in December. Frequency of occurrence

abundance in the intertidal zone and ch. w.wd2. these of fucoids in the high intertidal at farfield station B5 :

zonation patterns at each site over time, permanently has historically (including 1994) been higher than that

| marked quadrats were established at three tide levels at B 1 (often at levels of 90% or more; Table 6-7), with

| and sampled three times annually at nearfield and populations there often persisting year round, as in
I

j farfiald sites. 1994.

'

Physical stress (e.g., desiccation, temperature The ephemeral green algal association of Urospora

extremes) resulting from long exposure times is an penicilliformis/07othrixflacca exhibited a consistent

important structuring mechanism on macroalgae in the annual cycle of abundance at both nearfield and farfield

high intemdal zone (Lewis 1964; Schonbeck and Norton stations, occurring only during the April sampling |
.

1978). Other factors related to biological processes, period in most years in both the preoperational and

such as grazmg pressure (Cubit 1984; Keser and Iarson operational periods. These species did not occur in

1984) and recruitment (Underwood and Denley 1984; any month in 1994, however, a situation which has ,

Gaines and Roughgarden 1985; Menge 1991), can also occurred in previous years. Conditions for establish- |
be seasonally important. ment and growth of these species on high intertidal i

surfaces are most favorable in late winter and early |
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TABLE 6-7. PERCENT COVER AND PERCENT FREQUENCY OF OCCURRENCE OF DOMINANT
PERENNIAL AND ANNUAL MACROALGAL SPECIES AT FIXED INTERTIDAL NON-
DESTRUCTIVE SITES DURING THE PREOPERATIONAL AND OPERATIONAL PERIODS.
SEABROOK OPERATIONAL REPORT,1994.

bZONE' DATA TYPE STATION PERIOD / APR JUL DEC

TAXA (%) YEAR *

Bare Ledge
Fucoid species Frequency Nearfield Preoperational 6 19 6d

(BI) (ran6e) (0-81) (0-94) (0 94)
0 0 44

Op(erational (0-69) (0-75) (0-81)range)
1994 69 75 0

Farfield Preoperational 82 97 100
s

(BS) (range) (0-100) (12-100) (0-100)
94 91 91

Op(erationalrange) (94) (81-100) (69-100)
1994 94 100 69

Urospora penicilliformi.t/ Frequency Nearfield Preoperational 45 0 0

Ulothrdfacca (B1) (range) (0-99) (0) (0)

ge (0-55) () ()
1994 0 0 0

I Farfield Preoperational 73 0 0

(BS) (range) (0-100) (0) (0)
n D 0 0

%(range)d
-

(0-82) (0) (0)
1994 0 0 0"

Fucoid Ledre
Fuccid species Cover Nearfield Preoperational 93 93 68

(BI) (range) (25-98) (60-100) (25-95);

Operational 86 89 60
(range) (45-95) (34-98) (40-60)

1994 80 100 40

Farfield FiwWeional 94 94 93

(BS) (range) (60-98) (65-100) (2-98)
71 86 ~ 98

- Op(erationalrange) (71-80) (80-85) (85-100)
1994 71 80 95

Fuccid species Frequency Nearfield Preoperational 94 88 88

(B1) (range) (69-100) (75-100) (69-94) !

87 91 72
Op(eranonal (38-100) (75 100) (56-100)

,

'

range)
1994 100 100 56

Farfield Preoperational 85 85 91

(BS) (range) (62-100) (69-100) (31 100)
Operational 84 82 72

(range) (75-94) (62-100) (0-88)
1994 94 62 63

(Continued)
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TABLE 6-7. (CONTINUED)

ZONE DATA TYPE STATION PERIOD / APR JUL DEC

TAXA (%) YEAR

Qondna Zone
Chondrur crispus Frequency Nearfield heagr4fonal 45 34 45

(B1) (range) (20-53) (20-38) (28 53)
Operational 34 15 38

(range) (17-57) (3-26) (25-43)
1994 32 21 38

Farfield ' Preoperational 45 48 41

(BS) (range) (0-72) (41 55) (39-48)
Operational 37 46 50

(range) (19 58) (15-65) (39-59)
1994 19 31 59

Mastocarpus stellatut Frequency Nearfield Prcoperational 47 66 48

(BI) (range) (21-69) (65-71) (32-67)
Operational 34 49 41

(range) (31 47) (16-69) (31 51)
1994 31 55 51

Farfield Preoperational 47 51 44

(BS) (range) (0-53) (41-63) (4356)
Operational 43 39 35

(raege) (23-49) (22-63) (24-46)
1994 23 22 24

Corallina oficinalis Frequency Nearfield nwg.sional 0 0 0

(BI) (range) (0) (0) (0)
Operational 0 0 0

(range) (0) (0) (0)
1994 0 0 0

Farfield nevgmional 30 52 52

(BS) (range) (15-57) (33-61) (31-65)
Operational 52 59 56

(range) (49-66) (55-68) (45-69)
1994 49 58 46

\

' Bare Ledge: approximately mean high weer, Fucoid ledge: approximately mean sea level. Chondrus Zone-
|approximately mean low water.

Mata Type (%): Frecuency - percentage of occurrence based on point contact line sampling. ,,

Cayg - percentage of substratum coverage based on fixed quadrats of 0.25 m'. I

'Preoperational: 19821989 median and range; Operational: 1991-1994 median; 1994: annual mean. |
I

6ggg}gggg g}} yygy, gpyg},, ggg 3, gyp ,jjy, gngn,y,,g

l

I
I
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spring. Both physical stress (related to temperature both stations in each month, except in December at

extremes and desiccation) and snail grazing pressure B5. Operational medians at B5 were higher than those

(e.g., by Littorina lirrorea and L sarattlis; Keser and at B1 during each of the three months sampled. Median

Larson 1984) are least intense during this period (Cubit percent frequency of occurrence of C crupur at nearfi-

1984). . Their absence in 1994 may have been due to eld station B1 during each of the three sample periods

an unusually warm winter, which may have caused in 1994 was lower than during the preoperational

them to bloom earlier and therefore be missed during period, although values were within preoperational

established sampling periods. ranges and followed a similar seasonal partem. The
operational median for July (15 %) was well below the

A distinct horizontal band of fuciods delineates the - preoperational median (34%). Median percent frequen-

mid-intertidal zone (Fucoid Ledge) at Seabrook study cies of C. crispur at farfield station BS in 1994 were

sites. Habitat conditions for these species are ideal substantially lower than during the yc+ wional period

in the mid-intertidal, as longer immersion time results during April and July, but in December the 1994 medi-
'

in a longer period for zygospore settlement (cf. an was higher than the preoperational median (Table

Underwood and Denley 1984), and reduces physical 6-7).

stress compared to that in the high intertidal; new
recruits are able to grow rapidly in this zone and Percent frequencies of occurrence of Massocarpus

develop physical and chemical defenses agamst grazmg stellatur in 1994, and medians for all operational years,

(Geiselman and McConnell 1981; Lubchenco 1983). were generally slightly lower compared to preopera-

Fucoids were dominant in mid-intertidal quadrats at tonal medians at Station B1 during each month, particu-

both nearfield and farfield stations over the preopera- larly in July. The one exception occurred in December

tional period and much of the operational period, both 1994, when the percent frequency was higher than the

in terms of percentage of substatum cover and percent preoy..gional median. Percent frequencies of M

frequency of occunence (Table 6-7). Percent cover stellatur at Station BS in 1994 were roughly 50% lower

| was similar between the nearfield and fardeld stations than preoperational medians during all three months,
,

j during the preoperational period, except in December and were the lowest recorded during the operational

t when percent cover was lower at the nearfield station. period. Operational medians were lower than the

| Median percent cover was slightly reduced between minimum preoperational values in July and December,
'

j the preoperational and opersoonal periods in all months but were within the range of preoperational values in

I at esch station, except in December at the farfield April.

station. Percent frequency of occurrence at nearfield
and farfield stations was similar during both the " Die coralline red alga Corallina oficinalis can

. yrs.pgional and operational periods. be a locally abundant understory species in the low ;

' intertidal zone. Percent frequency os occurrence of i

The low intertidal or Chondrus zone was typically this species generally exceeded 30% in all seasons at

dominated by perennial red algal turfs composed of farfield station B5 throughout preoperational and !

.

Chondrus crispus and Marrocarpus stellatur, which, operational years, but was absent from the nearfield

i once established, competitively exclude other algae (BI) area throughout our studies (Table 6-7). |
!

such as fucoids (Lubchenco 1980). Preoperational

median percent frequencies of occurrence of C cnspus Additional monitoring of fucoid abundance was'

were similar among the three months and between both carried out in the mid-intertidal zone at B1 and B5 ,

stanons, ranging from 34-48% (Table 6-7). Operational using fixed-line transects located at mean sea level. ,

| medians were lower than preoperational medians at Ascophyllum nodosum was a consistently dominant
,

P
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taxon at both study sites over all years, but particularly crirpus. As discussed in the previous sectiotu the tough

in recent years. Mean percent frequencies of occurrence perennial habit of this species allows extensive
ofA. nodosum during 1994 and the operational period populations to continue to dominate suitable rock

were comparable at both nearfield and farfield sites, surfaces to the exclusion of most other species. Similar,

ranging from 36% to 39% (Table 6-8). Mean percent nearly monospecific turfs of C. crispus are common

frequency ofoccurrence at B 1 was significantly higher throughout the North Atlantic (Mathieson and Prince

during the operational period than during the preopera- 1973), from New Jersey to southern Labrador (Taylor

tional period, whereas the period means at B5 were 1957). Owing to its predominance in the Seabrook

not significantly different. A concomitant significant area, C. crispuswas selected for funher, more detailed
2

decrease in abundance of Fucus vesiculosus was analyses. C. crispus biomass (g/m ) at Seabrook study

observed at B1 between preoperational and operational sites was typically highest at the intenidal sites, at times
2

years, where mean percent frequency levels decreased approaching, and in 1994 exceeding,1000 g/m (Table

from 47% to 2%. No significant difference was 6-2). During 1994, mean biomass at nearfield station

detected at B5 for this species. Fucus distichus subsp. B1 was higher than at farfield station B5, as has

edentatus was a persistent component of the rockweed typically been observed in the past. There were no

community at bodi stations, generally at lower significant between period or between station
abundance levels than the fucoids discussed above, differences, and no significant Preop-Op X Station

during both periods (i.e., no significant between-period interaction for the intenidal sites (Table 6-9).

differences were detected). Pmw onal-operationals
differences in abundance were identified at both B1 Substantial, although somewhat smaller, amounts

and B5 for Fucus distichus subsp. distichus, which did of C. crispus were found at shallow subtidal stations,
2

not occur at either study site during preoperational with biomass levels often exceeding 400 g/m . Biomass

years, but established small populations at both sites at nearfield station B17 was higher than at the i

during the operational period. These populations corresponding farfield station B35 in 1994; this

persisted through 1994 at B1 (although at less than relationship between stations was consistent with whata

1% frequency) and through 1993 at B5 (Table 6 8; was observed during both preow donal and operational

NAIandNUS 1994). Significantlyhigherfrequencies periods (Table 6-2). Consequently, no significant

of occurrence of juvenile Fucus spp. were detected between-period or between station differences, and no

at both stations during the operational period compared significant Preop-Op X Station interactior. was detected

to the preoperational period. Juvenile Fucus spp. for C. crispur biomass in the shallow subtidal zone

generally occuntd infrequently during the preoperational (Table 6-9). ;

and operational periods, with the exception of 1994 )
when mean percent frequency of occurrence at B 1 was |

44% (Table 6-8). 6.3.2 Marine Macrofauna

6.3.2.1 Horizontal Ledee Communities

6.3.1.2 Selected Species
Number of Taxa and Total Density

Chondrus crispus
Many attached and slow-moving invenebrate species

Low intertidal and shallow subtidal horizontal rock comprise the marine macrofaunal community on local

surfaces in the vicinity c! the Seabrook intake and intenidal and subtidal rock surfaces. Macrofaunal

discharge support dense stands of the red alga Chondrus community parameters similar to those used for j

6-26
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TACLE C-8. PREOPERATIONAL AND OPERATIONAL MEANS AND COEFFICIENTS OF VARIATION (CV,%),1994 MEANS, AND CESULTS OF

WILCOXON'S SUMMED RANKS TEST COMPARING PERCENT FREQUENCY OF OCCURRENCE OF FUCOID AIEAE AT TWO

FIXED TRANSECT (NON-DESTRUCTIVE) SITES IN THE MEAN SEA LEVEL ZONE BETWEEN TIIE PREOPERATIONAL AND
*

OPERATIONAL PERIODS. SEABROOK OPERATIONAL REPORT,1994.

bPREOPERATIONAL* 1994 OPERATIONAL .

TAXON STATION MEAN CV MEAN MEAN CV a Z'

Ascophyllum nodosum BI 32.0 18.8 35.7 39.0 7A Ii 1.99 *

B5 41.2 * 213 343 363 9.0 . II .-l.04 NS

Fucus vesiculosus Bi 47A 49A 4.0 23 60.9 II . -2.55 *

B5 27.0 38.9 I6.7 15.8 21.0- 1I -1.6i NS
>

Fucus distichus ni I6.2 67.9 203 18.9 2o3 II I.04 NS
a os 3.6 264.6 93 6.5 II7A Il IA2 NS

subsp. cdentatus

T Fucus distichus DI 0.0 - 0.7 5.8 I47.5 II 2.96 "

D5 00 - U0 3A ES S II 2^0 *U subsp. distichus

Fucus spp. BI 7.6 148.9 43.7 28.8 41.9 11 1.99 *

D5 0.6 264.6 I l.7 8.7 47.1 1I 2.58 *(juveniles)

"Mean of annual means, 1983-1989.
bg99g,g994,
* Wilcoxon's test: NS = not significant (p>0.05);

* = significan? (0.052p>0.0l); -

" = lughly significant (0.012p>0.001);
"* = very highly significant (0.0012p).

dRecently revised, and to be included under F. distichus subsp. evanescens

|
|

,

b

-

a

m__. - _ _ . _ _ _ _ _ _ _ - - _ __ - _ _ __ __ __ -_ _ _ _ _ _ - - - .o - -- - - - - -- - --_mm_-_________m___m__-____mm.
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2ANALYSIS OF YARIANCE RESUITS FOR CNONDRUS CRISPUS BIOMASS (g/m ) AT INTERTIDAL AND SilALLOW SUMl!ALTABI,E 6-9.

STATION PAIRS FOR Tile PREOPERATIONAL (1981 - 1909) AND OPERATIONAL (1991 - 1994) PERIODS. SEABROOK
OPERATIONAL REPORT,1994.

MULTIPLE COMPARISON
OF ADJUSTED MEANS"DEPTH ZONE SOURCE OF

TAXON (STATIONS) VARIATION df MS 78 (Ranked in decrenslag order)

Chomkus Intertidal'' Preop-Op* 1 101,352 026 NS

crispus (Ht. ns) Year (Preop-Op)b 10 559,223 0.68 NS

Month (Year)* 24 692,326 7.39 " *
.

dStation I 5,114,901 118.27 NS

Preop-Op X Station * I 49,724 0.20 NS

|
Station X Year (Preop - 10 235,936 2.52

Op)' 272 93,640'

Error
|

Shallow Subtidall Preop-Op I 12.18 0.13 NS

{ (Bl7, B35) Year (Preop-Op) le 120.89 0.54 NS

** Month (Year) 24 234.53 -5.57 *"
Station I I,156.68 18,259.00 NS

|
Preop-Op X Station 1 0.86 0.02 NS

Station X Year (Preop-Op) 10 35.61 0.85 NS

Error 272 42.08

' Preop-Op compares 1982 - 1989 to 1991-1994 regardless of station. De years selected are those during which each station within each pairing were sampled.

Year nested within preoperational and operational periods regardless of station.b

" Month (May, August, November) nested with:n year regardless of year, station or period.

Station pairs nested within a depth zone: intertidal = BIMLW, B5MI,W; shallow subtidal = Hl7, B35, regardless of year er period.d

* Interaction of the two main effects, Preop-Op and Station.

' Interaction between station and year nested within preoperational and operational periods.

8HS = Not significant (p>0.05); * = Significant (0.052p>0.01); " = liighly significant (0.012p20.001); "* = Very highly significant (0.0012p).

hue > or < signs indicate a significant difference between two 13 means.

IData untransformed.

IData square-root transformed.

_ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____._____ _ __ _ , . _ . . _ . . . . _ _ . _ . . _ . _ _ _ _ . - .. .,_ , _ ... _ . .- - _ _ _ _ - . . . _ . _ . _ . _ _ _ _ _ . _ _ _
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macroalgal monitoring (i.e., number of taxa. total Preop-Op X Station interaction. Total faunal density

density) have consistently been monitored as part of was similar at both shallow subtidal stations in 1994

Seabrook studies since 1978, and have proven usefut and lower than the preoperational and operational period

elsewhere for assessing potential ecological impacts means for each station (Table 6-10). As with the
from coastal nuclear power plants (Osman et al.1981; number of taxa, however, neither station nor period

NUSCO 1992,1994; BECO 1994). Overall species means were significantly different, and there was no

richness, as determined by the mean number of taxa significant Preop-Op X Station interaction (Table 6-11).
2per 0.0625 m quadrat, generally increased with

increasing depth, with lowest numbers of taxa at Similar numbers of taxa were collected at the mid-

intertidal stations (B I MLW and B5MLW) and highest - oepth stations (B16, B19, and B31) during the

numbers at mid-depth (B16, B19, and B31) and deep preoperational and operational periods (Table 6-10).

stations (B04, B 13, and B34; Table 6-10). In contrast, Therefore, no significant difference was detected

total faunal density was highest at the intertidal and between the means for these periods. A significant

shallow subtidal stations, with lowest densities observed station difference over both periods was detected with

at the deep subtidal stations. B31 containing significantly fewer taxa than B16 and

B19. He Preop-Op X Station interaction was not

A greater number of taxa was collected at nearfield significant (Table 6-11). During the preoperational

intertidal station B IMLW, when compared to farfield period, mean total density at nearfield Station B 16 was

Station B5MLW in 1994 (Table 6-10). Throughout 50-60% higher than at nearfield Station B19 and farfield

the preoperational and operational periods, however, Station B31 (Table 6-10). Similar differences were

there has been no significant difference in the mean noted in 1994, when the mean density at B16 was

number of taxa collected at these two stations, nor has considerably higher (50-70%) than at the other two

a significant difference been detected between stations. Over all yaars (preoperational and operational

preoperational and operational period means for the combined), however, densities among the three stations

intertidal stations combined (Table 6-11). Furthermore, were not significantly different. Similarly, there were

no significant Preop-Op X Station interaction was no significant differences between pericxis nor was there

detected for this depth zone. Total faunal density at a significant interaction between period and station

B IMLW was considerably higher than at B5MLW in (Table 6-1I).
1994, consistent with preoperational years (Table 6-10),

and reversing the operational period decline observed Preoperational and operational period mean numbers

at the nearfield station (NAI and NUS 1994). High of taxa generally were comparable among the three

densities in 1994 substantially increased the operational deep stations (B04, B13 and B34), except for the larger

period mean for B1MLW, resulting in to significant operational period mean at B04. His was due, at least

differences between the preoperational and operational in part, to the great number of taxa collected there in

periods or between stations, and no significant 1994 (Table 6-10). However, no significant differences

interaction of these main effects (Table 6-11). between period means or among station means were
detected, and the Preop-Op X Station interaction tenn

Mean numbers of taxa collected at both shallow was not significant (Table 6-11). Total faunal densities

subtidal stations (B17 and B35) in 1994 were similar were similar among the three stations in the preopera-

to their respective preoperational and operational period tional period (Table 6-10). However, the operational

means (Table 6-10). No significant differences were period density at intake station B13 was considerably

detected between period means or station means for higher than the preoperational and operational period

the shallow subtidal group, and there was no significant densities at the other two stations. This was in large
,

t

6-29

i



. . . . - - ._ _- . - _ _ _ - - - - _ . - -

MARINE MACROBENTHOS

PREOPERATIONAL AND OPERATIONAL MEANS (WITH COEFFICIENTS OF VARIATION)TABLE 6-10.
AND 1994 MEANS OF THE NUMBER OF TAXA COLLECTED, AND GEOMETRIC MEAN
DENSITY FOR NO!WLONIAL MACROFAUNA COLLECTED IN AUGUST AT INTERTIDAL,
SHALLOW SUBTIDAL, MID DEPTH AND DEEP STATIONS. SEABROOK OPERATIONAL
REPORT,1994.

b

DEPTH ZONE STATION PREOPERATIONAL* 1994 OPERATIONAL

MEAN CV MEAN MEAN CV

2MEAN NO. OF TAXA (per 0A625 m )

Intertidal B1MLW 49 18.5 46 39 14.5

B5MLW 48 16.5 39 42 9.6

Shallow subtidal B17 58 11.4 61 64 3.9

B35 55 9.0 55 54 9.1

Mid-depth B16 70 11.8 80 72 9.9

B19 68 183 69 71 12 3 e

B31 51 16.5 61 55 21.7

Deep B04 63 13.8 102 74 21.7

B13 54 13.9 64 57 22.5

B34 64 22.0 83 64 18.5

2TOTAL DENSITY <s/m )

Intertidal B1MLW 122795 5.3 185715 102093 6.4

B5MLW 68684 5.1 71271 88893 4.1

Shallow subtidal B17 23373 4.6 21915 28983 3.4

B35 28372 4.6 16956 33725 6.9

Mid-depth Bl6 31590 5.9 38378 18902 7.5

B19 12785 6.7 12364 15795 6.4

B31 16240 11.4 19110 15642 4.8
,

Deep B04 4936 5.7 26127 6144 9.5

B13 6073 10.5 68243 17907 9.8

B34 5523 93 23600 6963 8.5

*Preoperational period extends through 1989 (Stations BIMLW, B17, B19, B31: 1978-1989; Stations B5MLW, B35:
1982-1989; Station B16: 1980-1984, 1986-1989; Stations B13, B04: 1978 1984, 1986-1989; Station B34:
1979-1984,1986-1989).

;
bOperational period: 1990-1994.
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TAC ~LE 6-il. ANALYSIS OF VARIANCE RESULTS FOR NUMBER OF TAXA (per 0.0615 m') AND TOTAL DENSITY (per m OF MACROFAUNA -

COLLECTED IN AUGUST AT INTERTIDAL (1982-1994), SHALLOW (1982-1994), MID-DEPTH (1990-1984; 1996-1994h AN DEEP SUBTIDAL
STATIONS (1979-1984; 1996-1994). SEABROOK OPERATIONAL REPORT,1994.

|

DEPTil ZONE MULTIPLE COMPARISONS *
~

PARAMETER (STATIONS) SOURCE OF VARIATION df MS F' (Ranked in decreasing order)

I 2626.87 3.62 NSNumber of Taxa intertidal Preop-p*
(81MLW, Station 1 4.52 0.02 NS

IISMLW) Year (Preop-Op)* 11 564.83 8.84 "
d !Preop-Op X Station 1 22139 3.46 NS

Year X Station (Preop-Op)* 11 63.91 0.97 NS
Error 100 66.01

Shallow Subtidal Preop-Op i 260.77 ' O.55 NS
(Bl7, B35) Station i 1125.70 334 NS

Year (Preop-Op) 11 22031 2.83 *
Preop-Op X Station 1 333.09 4.28 NS
Year X Station (Preop-Op) 11 77.83 0.93 NS

P Error 100 83.46
2

- Mid-depth Preop-Op 1 58433 0.83 NS
(Bl6, B19, B31) Station 2 7375.01 192.55 * B16 B19 B31 -

Year (Preop-Op) 12 910A0 3.58 "
Preop-Op X Station 2 43.03 0.16 NS
Year X Station (Preop-Op) 24 "A.20 2.48 "
Error 167 402.51

Deep Preop-Op I 763.10 0.50 NS
(B04, B34, Ill3) Station 2 3043.46 7.50 NS

Year (Preop-Op) 13 1392.27 5.00 "
'

- Preop-Op X Station 2 402.04 1.44 NS
Year X Str. ion (Preop-Op) 26 278.41 239 "
Error 180 11633

(Continued)
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TABLE 6-11. (Contioned)

MULTIPLE COMPARISONS 8DEFTII ZONE
PARAMETER (STATIONS) SOURCE OF VARIATION df MS F' (Ranked indecreasing order) i

Total Density Intertidal Preop-Op I 0.02 0.03 NS

(BIMLW, B5MLW) Station 1 0.70 2.95 NS
Year (Preop-Op) Ii 0.57 2.81 NS
Preop-Op X Station 1 0.24 1.17 NS
Year X Station (Preop-Op) 11 020 5.54 "
Error 100 0.04

Shallow Subtidal Preop-Op I 0.25 0.77 NS ,=

(Bl7, H35) Station I 0.20 32.05 NS
Year (Preop-Op) iI 0.41 4.24 *
Preop-Op X Station 1 0.01 0.08 NS
Year X Station (Preop-Op) 11 0.10 2.04 *

!
I Error 100 0.05
,

Mid-depth Preop-Op I 0.12 0.14 NS'

(Bl6, Bl9,1131) Station 2 1.01 2.79 NS

P Year (Preop-Op) 12 0.72 2.93 *

d Preop-Gp X Statica 2 0.36 1.46 NS
Year X Station (Preop-Op) 24 0.28 3.31 "
Error 167 0.07

L

Deep Preop-Op i 2.20 1.46 NS
(B04, B34, Bl3) Station 2 1.64 2.62 NS ,

Year (Preop-Op) 13 1.18 4.06 "
Preop-Op X Station 2 0.61 2.12 NS i

'

Year X Station (Preop-Op) 26 0.29 4.45 "

Error 180 0.07

' Preop-Op compares preoperational to operational period regardless of station.

|
NearGeld = Stations BIMLW, Bl7, Bl6, B04, B13; farfield = Stations B5MLW, B35, B31, B34, regardless of year / period.6

' ' Year nested within Preoperational and Operational periods regardless of Station.
-

dinteraction of the two main effects, Preop-Op and Station.
* interaction of Station and Year nested within Preoperational and Operational period.
'NS = not significant (p>0.05); * = significant (0.052p>0.01); " = liighly significant (0.012p>0.001); *" = Very highly significant (ps0.001).
8 inderlining indicates that t-tests showed no significant differences (aso.05) among tim umlerlined least squares means.t

|

| -I
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MARINE MACROBENTHOS

part due to an unusually heavy set of bamacles in 1994 to the high densities of Mytilidae, and the presence
3(Cirripedia,31,907/m ; NAI 1995). ANOVA results of the primarily intertidal species Jaera marina, Nucella

indicated no significant differences between preopera- lapillur and Turronia minura, this group separated from

tional and operational means, among station means, other groups because of very low densities of strictly

and no significant Preop-Op X Station interaction. subtidal species, such as the gammaridean amphipod
Pontogencia inermis, which was much more abundant

at subtidal stations.

Macrofaunal Community Analysis
Collections from the shallow subtidal stations (B 17

'Ihe noncolonial macrofauna associated with hard and B35) made up a second discrete assemblage, Group

substrata in the vicinity of Seabrook Station comprise 2. (Figure 6-5 and Table 6-12). Lacuna vincta was
a rich and diverse community. Over 400 taxa have the most abundant species at the shallow subtidal

been collected in August destructive samples since 1978, stations in terms of number of individuals (ca.
2 2Some with densities of over 100,000 individuals /m . 5,000/m ), and became more abundant in the operational

Very few of these animals are " habitat formers" (cf. period. This small herbivorous snail is a dominant

macroalgal section), and most are motile. Therefore, grazer on the kelp Laminaria saccharina, and also feeds

the faunal species assemblages are not as distinct as on many other attached and drift algae. Since the food

those of the algae. However, multivariate macrofaunal resource is quite patchy, the abundance of L. vincia

community analyses, similar to those perfonned on also is variable. Mytilidae were dominants at these ;
2 l

macroalgae, facilitate the separation of annual stations (ca. 4,000-5,000/m ), but mussel densities were

collections at each station into groupings based on Bray- more than an order of magnitude lower than at the

Curtis similarity indices, as well as the determination intertidal stations. Other species abundant at the

of within- and between-group relationships. Rese shallow subtidal stations (isopods Idorea phosphorea I

analyses were applied to log-transformed macrofaunal andI balthica, gammaridean amphipods Pontogencia

geometric mean density data for those taxa (94 total) inermis and Jarsa marmorata) exhibited very consistent

appearing in 50 or more sample replicates over the densitiesbetweenr y,c.wlonal and operational periods

entire study period. The groupings of the 155 (Table 6-12).
station / year collections are illustrated in Figure 6-5.

Group 3 included all collections from mid-depth

As with the macroalgal collections (Figure 6-4), the intake station B16, and nearly all collections from mid-

macrofaunal assemblage at intertidal stations (B1MLW depth discharge station B 19,mid-depth farfield station

and B5MLW) comprised a distinct entity (Group 1; B31, and "recat"(1986,1987, and 1989-94) collections

Figure 6-5), characterized by extremely high densities from deep .nearfield station B13 (Table 6-12). As |

of mytilid spat (ca. 70,000 individuals /m ; Table 6-12). reported earlier, subtidal zonation becomes less distinct )2

nes aussels accounted for 6out 65-70% of the with increasing depth, and as the macroalgae (and |

individuals collected at the interidal sites during the associated epifauna) become increasingly patchy,

preoperational and operational periods. The isopod assemblages exhibit lower similarity, overlapping among

Jaera marina, gastropods Lacuna vincta and Nucella stations and depths. Preoperational and operational

lapillus, bivalves Turtonia minuta and Hiatella sp., period means for the dominant taxa were quite similar,

oligochaetes, and the amphipod Gammarus oceanicus with considerable overlap in the 95% confidence

also were commonly found intertidally, but at much intervals of both periods. Mytilids were dominant in

lower densities. None of these taxa accounted for more Group 3, but Lacuna vincta, which was dominant in

than about 5% of the individuals collected. In addition Group 2, was present at much lower densities.

6-33
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TABLE 6-12. STATION GROUPS FORMED BY CLUSTER ANALYSIS WITII PREOPERATIONAL AND OPERATIONAL (1990-1994)
GEOMETRIC MEAN DENSITY AND 95% CONFIDENCE LIMITS (LOWER, LCL, AND UPPER, UCL) OF DOMINANT
MACROFAUNA TAXA (NON-COLONIAL) COLLECTED ANNUALLY IN AUGUST FROM 1978 TIIROUGII 1994.
SEABROOK OPERATIONAL REPORT,1994.

SIMILARITY
GROUP NAMEll OCATION (WITillNI

No. (STATION / YEARS) BETWEEN DOMINANT TAXA PREOPERATIONAL OPERATIONAL.
GROUP)

LCI, MEAN UCI, l.CL MEAN llCL

i Intertidal 0.70/0.43 Mytilidae 47977 69205 99824 42733 70595 186623
Nearfield (IllMLW; 1978-94) Jaera marina 2116 3626 6216 712 1877 1946
Farfield (115MI.W; 1982-94) Lacuna vincta 2035 3209 5060 2%4 4620 7202

Turtonia minuta 1367 2707 5360 795 1709 3675
litatella sp. 1464 2604 4631 338 782 1808
Oligochaeta 1203 2030 3423 287 923 2958
Nucella lapillus 925 1501 2432 745 1637 35 %
Gammarus oceanicus 241 564 1319 1001 1%2 3833

2 Shallow Subsidal 0.75/0.57 Lacuna vincta 3761 5379 7694 6386 9167 13159
Nearfield (1117; 1978-89,1991-94) Mytilidae 2905 4758 7793 1399 4565 I4890
Farfield (1135; 1982-94) Idotea phosphorca 1695 2166 2768 1520 2047 2757

Pontogencia inermis 1248 1773 2518 940 1774 3347
| P Jassa marmorata 1097 1572 2254 403 1249 3866

d Idoten balthica 508 890 1559 213 508 1212'

| 3 Mid-Depth 069/065 Mytilidae 3811 6153 9936 2449 4438 8041
' Intake (Ill6; 1980-84,1986-94) Pontgencia inermis 974 1517 2362 54i 929 1597
! Discharge (1119; 1979,1981-94) Caprella septemtrionalis 667 1016 1546 546 1063 2%8

Farlield (1131; 1979-94) Anomia sp. 620 847 1156 718 907 1147
Nearfield (1113; 1986,1987,1989-1993) lliatella sp. 534 783 1848 327 570 991
Deep Lacuna vincia 281 416 617 305 563 1039
Recent lutake (Ill3; 1986-1987,1989 Asteriidae 183 258 365 180 305 517
1994)

4 Deep 0.69/0.63 Pontogencia inermis 198 328 542 106 223 471
Discharge (1104; 1979-84,1986-94) Asteriidae 186 259 362 244 321 421
Farfield (1134; 1979,1981,1982,1986-94) Anomia sp. 158 256 415 321 599 Ill4
Intake (1513; 1989) Cyrella septemtrionalis 122 1% 316 89 181 368

Alusculus neger 141 1% 273 67 lli 185
1 Tonicella rubra iI7 15I I% 63 87 l20

5 Deep 0 63/0.63 Pontogencia inermis 195 369 699 No Data Applicable
IIistoric Intake (Ill3; 1978-84) Mytilidac 130 306 719
Farfield (1134; 1980,1983,1984) Asteriidae 140 226 363
Mid-depth Anomia sp. 97 208 444
Nesiliehl (1119; 1978 and 1980) llintella sp. 98 194 380

Tonicella rubra 75 125 210
Carvella septemtriceenlis 62 124 248

- - ._ _ _ _ _ - _____ - __ - - -__ _ __ __________ _ ___



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

!
!

|
,

' MAnrNE MACROBENTHOS
i
:

1
'

Group 4 contained nearly al! collections from deep Bamacles (especially Balerus spp.) commonly occur ;'

discharge stations B04 and deep farfield station B34 on high intertidal (Bare Ledge) rock surfaces in the :

I (Figure 6-5 and Table 6-12). 'Ihe assemblage was Seabrook area and throughout the North Atlantic -|,

'

charactenzed by low mean densities of the dominant (Connell 1961; Menge 1976; Grant 1977; Bertness

taxa (including Pontogencia inermis, Asteriidae, and 1989). Although generally common, intertidal barnacle -|

| Anomia sp.) in both preoperational and operational populations typically exhibit high seasonal and year-to-

periods (<600/m ). Means and 95% confidence year variability (Menge 1991; Minchinton and Sheibling2'

intervals were similar for the dominant taxa in both 1991; NUSCO 1994); similar temporal variability in ,

barnacle frequency of occunence has been observed |
;
'

periods.
in Seabrook study quadrats (Table 6-13). At both the ,

i

j 'lhe last cluster (Group 5) contained collections from nearfield and farfield stations, bamacle abundances $

deep " historic" intake station B13 (1978-84), deep (based on percent-frequency of occunence estimates) |

farfield station B34 (1980,1983 and 1984), and mid- were lower in April than in July in the operational |
a

4

i _ depth nearfield station B19 (1978 and 1980; Fig. 6-5 period, indicating suitable conditions for barnacle

and Table 6-12). No collections from the operational settlement and growth during this interval. Because

period were present in this cluster. These collections year-to-year variability is so high, between period and

were charactenzad by low mean densities of the wnhin stanon compensons are best made by examining

dominant taxa (<400/m ), w th only relatively small ranges of annual frequencies. Taking this approach, |2

i

numbers of Mytilidae present. Pontogenera inermis, operational ranges (both monthly and averages for all

Asteriidae, Anomia sp., and Niatella were also among seasons), although smaller, fall within preoperational

the dominant taxa. ranges with one exception (B1 in July), indicating
overall stability of bemacle populanons at both stations.

In general, the assemblages from the operational The herbivorous snail, Littorina saratilis, is an

years (1990-1994) at each station were sunilar enough important grazer in the high intemdal zone. Abundance

to be grouped with the majority if not all of those from ofL saxarilis in the high intertidal zone was generally
,

preoperational years, indicating that no changes to the lowest in early spring (April; Table 6-13), providing j
I

macrofaunal community have resulted from operation a temporal refuge for ephemeral algae (see Table 6 7).

of Seabrook Station. As with high intertidal barnacles, considerable overlap f
of %eional and operational ranges of monthly !

and all-seasons emmates of L sararilis abundance were |
I

Interel Commu=l+6 (Non-Destructive noted for both nearfield and farfield stations.

Monitoring Prostram)
The dominant faunal taxon in the mid-intertidal

Panems of faunal abundance on local rocky shores (Fucoid) zone has been Mytilidae (primarily the blue

exhibit patterns of zonation similar to those discussed mussel #prilus edulis), which dominates certain rocky

previously for intertidal macroalgae (Lewis 1964; shores in New England (Lubchenco and Menge 1978;

Menge 1976; Underwood and Denley 1984). Common Petraitis 1991) and elsewhere in the North Atlantic
intertidal fauna occurring in non-destructive sampling (Seed 1976). Mytilidae were most abundant at the

quadrats included bemacles, mussels, snails and limpets. nearfield stanon (BI), with median percent-frequencies

Spatial (among zones, between stations) and temporal (both preoperational and operational) exceeding 40%

(among seasons, between operanonal penods) abundance for all sampling periods (Table 6-13); somewhat lower ;
'

partems of these species for nearfield and farfield abundances were observed at this station in 1994. The

: sample stations are described below, preoperational and operational seasonal median

6-36

.

. -



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

.

L

TABLE 613. MEDIAN PERCENT FREQUENCY OF OCCURRENCE BY SEASON AND OVER ALL ,'-

SEASONS OF THE DOMINANT FAUNA WITHIN PERMANENT 0.25 m QUADRATS |3

I AT THE UPPER (BARE ROCK), MID-(FUCCOID ZONE), AND LOWER (C#0NDAUS j
EONE) INTERTIDAL ZONES AT NEARFIELD (OUTER SUNK ROCKS) AND l

FARFIELD (RYE LEDGE) STATIONS DURING THE PREOPERATIONAL AND !
I

OPERATIONAL (19911994) PERIODS, AND MEAN PERCENT FREQUENCY OF
OCCURRENCE DURING 1994. SEABROOK OPERATIONAL REPORT 1994.

!
:

i &QS' STATION PERIOD / APR JUL DEC ALL
TAXON YEAR * SEASONS * ,

j

4 Bare Ledae Near6 eld . Pi+ianal, 61 51 9 40

) Aalems spp. (BI) (range) (4-100) (9-88) (0-88) (0-100) |
; Operanonal 43 63 61 47 '

(range) (41 51) (46-98) (2-81) (2 98)
,

1994 45 46 2 31'

! Farfield Preoperational 89 85 72 82
:i

(BS) . (range) (58-100) (24100) (5-100) (5 100)
Operational 58 64 31 52

. (range) (36-95) (43-67) (3-54) (3 95)1

1994 46 43 3 31
<

a Lietorina saxanks Nearfield Prooperational 7 57 16 27

(BI) (tange) (0-44) (0-88) (0-88) (0 88) ,

Operanonal 44 88 63 66
(range) (25-56) (81 100) (0-100) (0-100)

1994 56 94 50 66

Farfield Ti=y ===1 50 66 75 64
;

(BS) (range) (0-100) (38-94) (0-100) (0-100) ;

' Operanonal 28 35 38 28

(range) (0-81) (6 69) (19-81) (0-81)

i 1994 25 19 25 23

Fucond Zooc Nearfield Prooperanonal 82 76 78 79 |

Mynlidae (BI) (range) (37-100) (27100) (43-100) (27 100)

1
Operational 56 66 45 45

(range) (23-91) (29-99) (19-95) (19-99)'

1994 28 38 37 34

Farfield Preoperanonal 8 1 5 5

i (B5) (range) (2-100) (0-100) (0 100) (0-100) ;

Operanonal 7 16 6 10

(range) (4-10) (0-38) (0-32) (0-38)
J. 1994 4 38 32 25

; Littorina obtusate Nearfield Preoperational 3 10 6 6

(BI) (range) (06) (0 25) (6 19) (025)
Operanonal 6 13 28 9

(range) (0 31) (0 62) (0-44) (0-81)
1994 31 62 81 58

Far6 eld T.ew.2nal 3 16 7 9

(BS) (range) (0-25) (044) (0-44) (0-44);

Operanonal 9 35 38 28
(range) (0-25) (25-50) (12-56) (0-56)

1994 25 38 38 34

t

i

(Conunued)
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TABLE 6-13. (CONTINUED)

4

ZONE * STATION PERIODI APR JUL DEC ALL
TAXON YEAR * SEASONS *

Chondrus Zone Nearfield Preoperational 90 89 65 81

Myulidae (BI) (range) (54-95) (71-95) (15-85) (15-95)'

Operat:onal 72 74 65 70
(range) (43 95) (33-95) (28-93) (28-95)

.

1994 43 33 28 35

Farfield Preoperational 49 63 26 46i

(BS) (range) (10-72) (23-80) (0 49) (0-80)'

Operational 22 47 34 34

(range) (0-57) (27-92) (8-87) (0-92)'

1994 23 40 19 27

! Nucella lapillus Nearfield Preoperational 75 100 56 77

(BI) (range) (13100) (100) (31-88) (13100)
Operational 28 100 53 75

l

(range) (19-81) (94-100) (19-100) (19-100)<

1994 31 100 100 77
,

-
Farfield Preoperanonal 94 38 69 67

) (B5) (range) (75 100) (1356) (56-81) (13-100)
Operational 78 72 53 69

!

(range) (37-100) (37-94) (19-94) (19-100)
1994 62 94 94 83

,

Lirrorina lirrorea Nearfield Pr-rianit 0 0 0 0

(BI) (range) (0) (0-13) (0 6) (0-13)

i
Operational 0 13 12 9

(range) (0-19) (0-25) (0-50) (0-50)
1994 0 19 0 6

Farfield Preoperational 81 100 88 90

(BS) (range) (75-100) (94-100) (44-94) (44-100).

Operanonal 97 100 75 97
(range) (81100) (100) (62-94) (62-100)

1994 100 100 75 92 |

|

Acmasa sestudinalir Nearfield Preoperational 13 13 13 13 i

(BI) (range) (6 38) (0-25) (6-81) (0-81) |
Operational 16 12 12 12 |

I
(range) (0-44) (6-25) (0-81) (0-81)

1994 44 25 12 27 |

Farfield ri+rsonal 0 0 0 0

(BS) (range) (0 44) (0 13) (0 25) (0 44)
Operational 9 9 13 9

(range) (M2) (0-25) (0-44) (0-44)
1994 6 25 19 17

* Bare Ledge station is at upper edge of mean sea level (MSL) zone, approximately mean high water. Fuccoid Zone
station is approximately MSL. Chondrus Zone station is approxunately mean low water. j

% operational period extends from 1982 - 1989, except for Chondrur Zone. where sampling began in April 1985. |

Operational period extends from 1991 - 1994.
' Average of three seasonal medians.

I
!

(Continued)
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MARINE MACROBENTHOS;

:

frequencies were all less than 17% at farfield station study area, L littorea was most common at the farfield ;

I
'

B5, with considerably higher abundances measured station (BS), often exceeding 90% frequency of
i in uly and December 1994. Mussels are typically occurrence during both preoperational and operational

i outcompeted by barnacles at this site (NAI 1993). periods (Table 6-13). Frequencies at the nearfield

i. Operational period ranges generally fell within station (BI) never exceeded 50% during our studies, !

} preoperational period ranges at both stations although and many times, L littorea was absent from the study

| operational period medians were lower than preopera- areas. Percent frequencies of L littorea at B1 tended

i tional period medians in all sampling periods at to be lower during the preoperational years (<l3%)

) nearfield station Bl. The herbivorous snail Littorina than during the operational period, when the highest
J obrusata was a common mid-intertidal resident at both . monthly estimates were recorded. Another low

1 stations throughout the year. Overall, operational intertidal grazer, the limpet Acmaea testudinalis,

;- frequencies generally have been higher than those occurred in low to moderate frequencies in most years

,

during preoperational years, a trend which was apparent both at nearfield station B 1 and occasionally at farfield |

| at both nearfield and farfield stations (Table 613). station B5 (Table 6-13). Operational period ranges

; Frequencies in 1994 were close to or exceeded the for individual sampling periods were generally similar

maximum values observed during the preoperational to preoperational ranges, and within each station,4

i period at both stations. preoperational and operational ranges for all seasons
4 combined were identical (0-81% at B 1,0-44% at BS).

I High mussel abundances also were typical of the

! low intertidal or Chondrur zone, with only small
| differences ber-.e nearfield and farfield stations, Subtidal Fouling Commusity (Bottom Eass!

! relative to those in the mid-intertidal (Table 6-13). Monitoriar Prorram)
Frequency of occurrence estimates during 1994 at

,

i nearfield station B1 were less than preoperational and Recruitment success and annual panems ofsetdement

[ ope."ional period medians. At the farfield stanon (BS), for sessile macroinvertebrates were assessed by the

abundances consistent with the operanonal penod were bottom panel study using short-term exposure periods
,

| observed in 1994, but these were lower than in (three sequential four-month exposure periods peryear).

| preoperational years. As with Station B 1 considerable Although the type of substratum, length of exposure

| overlap of preoperational and operational ranges was pedod and deployment strategies can all influence the

!- apparent. The carnivorous snail Nucella lapillus pattems of community colonization (Zobell and Allen

! commonly preys on mussels and barnacles, and can 1935; Fuller 1946; Schoener 1974; Osman 1977;

have considerable influence on low intertidal community Sutherland and Karlson 1977), these factors may be;

; structure (Connell 1961; Menge 1983,1991; Petraitis standardized to allow compansons between nearfield

i 1991). At Seabrook study sites, N. lapillau can be and farfield stations during these different periods of

| locally abundant, at times reaching frequency of the year (January-April, May-August, and September-

occurrence levels of 100%, particularly in July (Table December). Four-month exposure periods provide
,

6-13). Over the entire study, occurrence ofthis species sufficient duration for larval stages to settle, metamor--

has been consistent, both between nearfield and farfield phose, and' grow into juveniles or young adults that:

stations and between periods. Of the herbivorous can be effectively identified. Of the organisms collected'

littorine snails occurring in the Gulf of Maine, Littorina on these panels, four taxa (Balanus, Anomia. Hiatella,
4

i littorea has the most pronounced effect on intertidal and Mytilidae) have been collected in sufficient

community structure, particularly in the low intertidal frequency and numbers to allow comparisons oflong-
,

zone (Lubchenco 1983; Petraitis 1983). In the Seabrook term trends in densities within and between nearfield

6-39
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TABE E 6-14. ESTIMATED DENSITY (per S.15 sm4 AND COEFFICIENT OF V4RIATION (CV,%) OF SEl.ECITD SESSit.E TAKA DN llARD-SUBSTRATE B01 TOM PANE 15 ERFOSED FOR FOUR MONtits
AT STATIONS 319 AND Bil SAMPt.ED TRIANNUAtJ.V (APRIE, AUGUST, DECEMDER) FROM 19at 1994 (EXCEPT 1985). SEAWROOK OPERATIONAt. REPOttT, l994.

.

APRIL AUGUST DECEMBER At.l. SEASONS

TAXA 5 FAllON FElliotWWEAR MEAN CV' MEAN CV MEAN CV MEAN CV

17053 81 6403 78 9 144 7822 110
Prey"#a&mes spp. Nearfield

(Hl9) Op til79 117 12154 69 763 191 8032 122

1994 4500 - 22033 - 0 - 8844 -

Farfield Preop 40962 55 7917 78 14 121 16298 133

(H31) Op 17588 54 12454 Si l% 120 10079 %*

1994 11300 - 19233 - 0 - 10878 -

Anome sp Nearfield Preop <l <l 31 219 1232 92 421 167

(Bl9) Op 65 135 68 92 2404 114 846 217

1994 6 - 34 - %2 - 334 -

Farfield Preop 0 0 36 Il7 993 125 343 164

(H31) Op 7 58 106 149 703 88 272 171

1994 6 - I - 1567 - $25 -

| Iliaarfla sp. Nearfield Preop i 200 3966 65 27 115 1311 178

(B19) Op 3 106 7203 53 10 114 2405 169
p

| L 1994 1 - 12350 - 13 . 4121 -

I o
Farfield Preop <1 <l 11659 91 16 131 3892 173

(H31) Op 3 95 14533 67 $6 176 4874 180

1994 1 - 13727 - I - 4576 -

Mytilidae Nearfield Preor 2 150 367 67 58 98 142 139

(H19) Op 78 118 2637 84 45 32 920 837

1994 44 - 16 % - 26 - 589 -

Farfield Preop 8 138 5035 200 36 100 1693 171

(H31) (5 19 130 3636 94 56 79 1237 203

1994 3 - 1091 - 49 - 381 .

* Preop. 1981 1984 (8alames and Aname, Hl9); 1982-1984 (8alanus and Anomb, H31); 1981-1984 (ffberffa and Mytillidae, H19 and H31); Dec.1986-1989 (all taxa and stations).
Ny = 8991-94

|

.

!
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2
i

and farfield stations for assessing power plant effects per 0.25m . In 1994, however, August densities at
2

(Table 6-14).
both stations exceeded 12,000 individuals per 0.25 m

(Table 6-14).

Subtidal bamacies in the Seabrook area ere
represented primarily by two species ofBalarrus (mainly Mytilidae (raostly blue mussel, Myrilus edsdis) an

B crenatus and B. balanus). Peak settlement usually .a important component of the local macrofaunal

occurs in early spring, resulting in highest densities community, and are discussed in more detail in the

in the April exposure period (Table 6-14). However. fo!!owing section. Recruitment to bottom panels

settlement is protracted and variable from year to year. followed a panern similar to that described for Hiatella,

For example, substantial densities of barnacles were i.e., peak recruitment occuned during the August

found at both nearfeld and farfield stationsin August exposure period, with densities typically higher at the

1994, and in 1993, baraa:les recruited to bottom panels farfield station than the nearfield station in both the

j during the September-December exposure perici(NAl paspasional and operational periods. At the nearfield

i and NUS 1994). Typically, bamacle densities were station,1994 densities were consistent with those j

higher at the farfield station (B31) than at the nearfield reported for other operational years, whereas 1994

| station (B 19) over both preoperational and operational densities at the farfield station were reduced. A trend

| periods, although this relationship was reversed in for higher densities of mussels on panels during

|' August 1994. operational years, relative to preoperational years, was

| observed at the nearfield, but not the farfield statier..
| Anomia spp. (jingle shells) consistently display p=ak

settlement during the September to December ex;rasure

| period, a period when water temperatures are rapidly 6J.2.2 Sg|gted Benthic Species
,

cooling (cf. Fuller 1946). Preoperational densities of

these bivalves were similar between the nearfield and Mytilidae

farfield stations (Table 6-14). In the operational penod,
nearfield densities exceeded farfield densities in April Representatives of the order Mytilidae (mytilids)

and December, while farfield densities exceeded are common in the Nonh Atlantic, and are typically

nearfield densities in August. Densities at the farfield found attached to intertidal and shallow subtidal rocky

station have, on average, remained lower than at the substrata, but are occasionally recorded from deeper

nearfield station during the operational period, with water (Seed 1976). Important as prey for marine

August 1994 an obvious exception. Operational carnivores such as the dogwinkle Nucella lapillus in

densities at both stations were higher in each month the intertidal zone (Menge 1991; Petraitis 1991), and

compared to those during the preoperational period, starfish, lobsters, crabs and fish subtidally (Menge 1979;

with the exception of December at the farfield station. Witman 1985; Ojeda and Dearbom 1991), mytilid shell
surfaces and interstices within mytilid aggregates also

Another species of interest is the small crevice- provide attachment and habitat areas for many algal

seekmg bivalve, Hiatella, which histoncally has settled and faunal species (Dayton 1971; Seed 1976).

during the August exposure period at both stations.
Settlement has normally been highest at the farfield At Seabrook study sites, Mytilidae (primarily the ;

station in both the preoperational and operational blue mussel Mytilus edulis) was, by far, the dominant |
2

penods, where densities in excess of 10,000 individuals taxon in terms of density (nolm ) in the intertidal zone

per 0.25 m were commonly reported. Densities at (StationsBIMLWandB5MLW; Table 6-15). Annual2

the nearfield station have typically been less than 10,000 mytilid abundances have been variable over the
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GEOMETRIC MEAN DENSrTIES (NOJM )OF SELECTED BLVrHIC MACROFAUNA SPECIES
2

TABLE 6-15.
WITH COEFF!CIENTS OF VARIATION (CV,%) DURING PREOPERATIONAL AND OPER-
ATIONAL PERIODS AND DURING 1994. SEABROOK OPERATIONAL REPORT,1994.

TAXON STATION * PREOPERATIONA- 1994 OPERATIONAL'
6L

MEAN CV MEAN MEAN CV

Mytilidae B1MLW 121297 8 71431 83423 10

B5MLW 72831 7 31923 49702 12

B17 2580 18 2798 2332 23

B35 4449 14 2766 6327 22

B19 1947 23 389 2499 23

B31 6196 17 5557 5872 9

Nucella lapillus BIMLW 1970 11 3830 1343 17

B5MLW 905 10 2467 805 15

Asteriidae
B17 590 12 1355 724 11

B35 184 23 752 161 34

Pontogeneia inermis B19 604 15 205 541 18

B31 404 15 265 260 22

Jassa marmorata B17 1045 14 279 958 17

335 1888 15 925 2659 13

Ampithoe rubricata B1MLW 19 92 15 2 98

B5MLW 3 125 101 132 12

Strongylocentrotus B19 66 36 305 100 30

droebachiensis B31 31 35 132 44 34

Modiolus modiolus B19 100 14 49 71 23d

B31 89 27 140 86 43

'Nearfield = BIMLW, B17. B19; Farfield = B5MLW, B35, B31.
%espaional = mean of annual means, 1978-1989 (BIMLW, B17, B19, B31) or 1982-1989 (B5MLW, B35).
* Operational mean = mean of annual means, 1991 1994, for all stations.
dArithmentic mean of annual means. Proop = 1980-1989, Op = 1991-1994

,
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i preoperational period (NAI 1991b), and similar 1 to 25 mm, with the majority collecte3 as newly settled

variability has become apparent over the operational spat measuring 2-3 mm. A summary of mytilid lengths'

period. High year-to-year variability in mytilid over preoperational and operational years is presented |

.

recruitment is typical for the Gulf of Maine (Petaitis in Table 6-17. Mytilids generally have been largest
',

1991). For example,1993 mytilid densities were higher in the intertidal zone, a trend which has been consistent
.

'

than other operational years (NAI and NUS 1994) and over both periods. Intertidal mytilids typically have !

; in 1994 they were generally lower. Operational been larger at the farfield station (B5MLW) than at !
'

densities have remained lower than preoperational the nearfield station (B1MLW) over both preoperational

| densities at the intertidai stations (BlMLW and and operational periods. No difference in size was .

j B5MLW). There were no significant differences observed between prew dional and operational puiods (
between the preoperational and operational periods, at either intntidal station.

;
and there was no significant Preep-Op X Station i

interaction for intenidal mytilid densities (Table 6-16). Mytilids generally were smaller in the subtidal zones ;
,

than in the intertidal zones. Subtidal operational penod (

Mytilidae also were among the dominant taxa at means were slightly larger, with exception of mid-depth |
I

| shallow subtidal stations B17 and B35 (Table 6-12). nearfield station B19 where numbers of very small

]
As in the case of the intertidal stations, dramatic recent mytilids collected in 1994 reduced the operational

i year-to year variability in mytilid densny was observed period mean to less than the preoperational mean.

|
st the shallow subtidal stations. Densities higher that. Mytilids had settled in May at both Stations B19 and

2

j pi-p Elonal or operational period means that were B31, with abundances ofover 10,000/m . By August,
2

observed in 1993 (NAI and NUS 1994) were followed mytilids had nearly dis.ype red (198/m ) at B19, and4

: by substantially lower measurements in 1994, especially those that remaine;d were smaller than average (NAl

j at the farfield station (B35). There were no significant 1995). Abundances and lengths at Station B31 were

differences between the preoperational and operational similar to the preoperational and operational means

} periods or between stations, and no significant Preop Op (Table 6-15). The appearance of these very small
,

X Station interaction (Table 6-16). mytilids at only one station is unexplained, and stands
in contrast to the relatively large mytilids measured

: Mytilids also were abundant at mid-depth station in 1994 at farfield Station B31. During both the !

B19 and B31, relative to other taxa collected at these preoperational and operational periods, mytilid lengths,

i locations (Table 6-12). Densities have been greater were smrller at the nearfield stations (B17 and B19)

at the farfield station (B31)in both the preoperational than at the farfield counterparts (B35 and B31). This'

and operational periods (Table 6-15). This disparity was not the case at the shallow subtidal stations in 1994

was particularly obvious in 1994 when relatively small whera measurements at B17 slightly exceeded those

densities were recorded at the nearfield station (B19). at B35. l
,

;

i However, there were no significant differences between |

preoperational and operational means or between;

stations, and no significant Preop Op X Station Nacella lapillas
,

| interaction (Table 6-16).
i The only common intertidal macrofaunal predator

.
The most common mytilid collected at Seabmok in the Seabrook area is the dogwinkle, Nucella lapillus,

l study sites, the blue mussel Myrilus edulis, can stach preying primarily on mussels and barnacles (Connell

shell lengths up to 100 mm (Gosner 1978). Howeven 1%1; Menge 1976; Petraitis 1991). At Seabrook study#

most mytilids collected during our study ranged from sites,N. lapillus abundances at nearfield station

6-43
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TABLE 6-16. ANALYSIS OF VARIANCE RESULTS COMPARING LOG-TRANSFORMED DENSITIES OF SELECTED BENTillCTAXA
COLLECTED IN MAY, AUGUST AND NOVEMBER AT NEAR- AND FARFIELD STATION PAIRS (BIMLW/B5MLW,
B17/B35, B19/B31) DURING PREOPERATIONAL(1978 - 1999) AND OPERATIONAL (1991 - 1994) PERIODS. SEABROOK
OPERATIONAL REPORT,1994.

3

DEPTII ZONE SOURCE OF MULTIPLE COMPARISONS
TAXA" (STATION) VARIATION di MS F'' (Ranked in decreasing order)

b
Mytilidae Intertidal Preop-Op i 1.97 2.27 NS

(<25 mm) (BI,B5) Year (Preop-Op)* 10 1.11 0.81 NS*

Month (Year)d 24 1.21 10.51 "
Station * I 3.95 non-est)

rPreop-Op X Station i <0.01 <0.01 NS
Year X Station (Preop-Op)8 10 0.29 2.54 "'

Error 272 0.11

Shallow Subtidal Preop-Op I 0.26 0.06 NS
(Dl7, D35) Year (Preop-Op) 10 4.26 1.62 NS

h Month (Year) 24 2.23 8.55 " ,

Station 1 8.20 12.73 NS

Preop-Op X Station 1 0.65 0.91 NS
Year X Station (Preop-Op) 10 0.69 2.65 "
Error 264 0.26

Mid-Depth Preop-Op I 0.15 0.44 NS
(Ill9, D31) Year (Preop-Op) 14 5.48 1.87 NS

;

| Month (Year) 32 1.38 4.56 "
Station i 16.89 111.47 NS
Preop-Op X Station 1 0.28 0.14 NS
Year X Station (Preop-Op) 14 1.87 6.16 * *
Error 367 0.30

(continued)

|
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TARLE 6-16. (Continned)

.

IDEPTII ZONE SOURCE OF MULTIPLE COMPARISONS
TAXA" (STATION) VARIATION df MS IA (Ranked in decreasing order)

Nucella lapillus Intertidal Preop-O i 1 0.55 0.44 NSt
(BIMLW, B5MLW) Year (Preop-Op) 10 1.32 1.00 NS

Month (Year) 24 1.17 9.33 "

Station 1 5.59 35.27 NS
Preop-Op X Station 1 0.16 0.54 NS
Year X Station (Preop-Op) 10 0.29 2.36 *
Error 272 0.13

Asteriidae Sha!'.ow Subtidal Preop-Op I 0.19 0.06 NS 7

(Bl7, B35) Year (Preop-Op) 10 3.05 1.94 NS

Month (Year) 24 0.94 6.68 * *
Station 1 21.65 77.67 NS

1, Preop-Op X Station I 0.79 0.97 NS
Year X Station (Preop-Op) 10 0.78 5.55 "1

7

Error 264 0.14

l'ontogencia Mid-Depth Preop-Op i 1.22 1.26 NS
intermis (B19, B31) Year (Preop- Op) 14 0.91 0.59 NS f

Month (Year) 32 1.41 6.47 * * ,.

I
Station 1 5.42 14.23 NS
Preop-Op X Station 1 0.38 1.01 NS
Year X Station (Preop-Op) 14 0.37 1.70 NS ;.

t Error 367 0.22 (

Jassa marmorata Shallow Subtidal Preop-Op I 0.39 0.18 NS f,

(B17, B35) Year (Preop-Op) 10 2.24 1.51 NS '

Month (Year) 24 1.20 4.00 " i

Station I 9.78 24.34 NS |

Preap-Op X Station 1 0.41 0.67 NS |

Year X 5tation (Preop-Op) 10 0.60 1.99 * [
Error 264 0.30

(continued)
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|
TARI E 6-16. (Continued)

MULTIPLE COMPARISONS'DEPTII ZONE SOURCE OF
! TAXA" (STATION) VARIATION df MS P (Ranked in decreasing order)

.
Ampithoe rubricata Intertidal Preop-Op I 33.88 0.61 NS

| (BIMLW, B5MLW) Year (Preop-Op) 10 7.90 2.60 * .

| Month (Year) 24 1.01 3.23 "
| Station 1 42,86 0.83 NS

Preop-Op X Station 1 50.33 20.18 " B5-Op BI-Pre B5-Pre BI-On'

Year X Station (Pieop-Op) 10 2.39 7.61 "
,

Error 272 0.31
|

Strongylocentrotus Mid-Depth Preop-Op I 2.30 0.77 NS

droebochiensis (B19, B31) Year (Preop-Op) 14 3.70 1.66 NS

| Month (Year) 32 1.78 3.91 "

| Station i 10.34 non-est.'

Preop-Op X Station 1 0.01 0.01 NS
Year X Station (Preop-Op) 14 0.93 2.05 *

,

Error 367 0.45

Modiolus modiolus Mid-Depth Preop-Op 1 668,582.06 5.13 NS ;

'

(adults) (B19, B31) Year (Preop-Op) 12 139,292.27 0.97 NS

Month (Year) 28 35,712.22 1.76 "

| Station 1 43,787.82 0.37 NS

Preop-Op X Station i 119,340.73 0.93 NS
Year X Station (Preop-Op) 12 128,303.47 6.34 * *

Error 945 20,239.83

!

'Logg (x+ 1) density, except for M. modiolus adults, which were sampled semi-quantitatively and therefore rank densities were used.
'treop-Op compares 1982-1989 to 1991-1994 regardless of station for BlMLW/B5MLW and Bl7/B35.

,

Preop-Op compares 1978-1989 to 1991-1994 regardless of station for B19/Il31.
Preop-Op compares 1980-1989 to 1991-1994 regardless of station for M. nuxliolus.

3

' Year nested within Preoperational and Operational periods regardless of Station.
Month nested within Year regardless of Station or Period.d

' Station pairs nested within a depth zone: Intertidal = nearfield (BIMLW), farfield (ll5MLW); Shallow subtidal = nearfield (1117), farfield (B35);
Mid-depth = nearfield (1119), farfield (B31); regardless of Year, Station or Pericd.

Ilnieraction of the two main effects, Preop-Op and Station.
; 8 interaction oi Station and Year nested within Preoperational and Operational periods.

NS = not significant (p>0.05); * = significant (0.05>p>0.01); " = highly significant (pso.01).! h '

'F-value non-estimabic due to a negative denominator mean square.'

__ - . , .. . _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ .
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TABLE 6-17. MEAN LENGTH (mm) AND LOWER (LCL) AND UPPER (UCL) 95% CONFIDENCE LLMITS
DURING THE PREOPERATIONAL AND OPERATIONAL PERIODS, AND MEAN LENGTHS

DURING 1994 OF SELECTED BENTHIC SPECIES AT NEARFIELD-FARFIELD STATION
PAIRS. SEABROOK OPERATIONAL REPORT,1994.

b
PREOPERATIONAL* 1994 OPERATIONAL

TAXON STATION MEAN CV MEAN MEAN CV

.

Mytilidae* B1MLW 3.1 64.7 2.5 3.1 54.6

B5MLW 33 53.1 2.8 33 59.1

B17 23 63.4 2.4 2.5 54.2

B35 2.5 64.8 23 2.6 55.1

B19 ~2.4 73.7 1.2 1.9 55.5

B31 2.8 77.8 4.1 3.1 66.0

Nucella lapillus B1MLW 6.9 80.5 5.8 6.1 77.5

B5MLW 6.0 98.5 5.4 53 86.2
.

Asteriidae B17 5.0 86.0 5.2 5.0 69.7

B35 6.7 98.5 3.8 5.0 1003

Pontogeneia inermis B19 5.1 39.4 53 53 31.9

B31 53 29.2 5.6 5.4 28.0

i

Jassa marmorata B17 4.2 26.6 4.1 43 27.4

B35 3.9 27.2 3.7 3.9 28.7

Ampithoe rubricata B1MLW 7.0 36.2 9.8 8.6 42.4

B5MLW 7.8 34.6 7.8 7.2 44.5
,

Strongylocentrotus B19 1.9 95.2 3.5 2.6 85.7

droebachiensis B31 1.9 56.9 4.5 3.6 131.0

*Fs+4ional = mean of annual means, 1982-1989. Annual mean is sum oflengths of all individuals collected in May,
pugust, and November divided by the total number of individuals measured.
Operational - mean of annual means, 1991 1994.

' Individuals measuring >25 mm were excluded.

i
a
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i BlMLW v ere twofold higher than abundances at the The sizes of Asteriidae collected over the study

farfield station (B5MLW) in the preoperational period period generally have been consistent, and indicate that ,

and nearly so in the operational period (Table 6-15), the vast majority ofindividuals collected werejuveniles |'
;

although this difference was not significant (Table 6- (Table 6-17). Asteriidae collected during the
4

16). Densities in 1994 exceeded both preoperational operational period at B35 were smaller than those

and operational period means at both stations. collected in the preoperational period largely due to i;

Differences in preoperational and operational periods the small mean size of starfish collected in 1994; few ,
'

were not significant and no significant Preop-Op X asteriids measuring >10 mm were collected (NAl 1995),

Station interaction was detected (Table 6-16).
while mean lengths during the two periods were

identical at B17.-

J

Nucella lapillus shell length measurements from >

~ intertidal collections also were made as part of life2

history studies. N. lapillus can reach lengths of up Pontorencia inermis |
|

to 51 mm (Abbott 1974), but typically ranged from
3-12 mm during this study (NAI 1993). Mean length The amphipod Pontogencia inermis is a numerically

t

was greater at the nearfield station (B1MLW) than at
dominant macrofaunal species in benthic habitats in ,

!
the farfield station (B5MLW) in 1994, a trend observed the Gulf of Maine, where it clings to submerged algae

|
over preoperational and operational periods (Table 6-

in the intertidal and subtidat zones to depths of more,

17). Operational mean lengths at both stations were
than 10 m, and can also occur in pelagic waters

below the respective preoperational means. (Bousfield 1973). At Seabrook studysites,P. inermis |
'

was a dominant taxon at all subtidal stations, but |
occurred most ww dy in the mid-depth zone. Mean j

> '

densities at B19 have been similar in both theAsteriidaee
preoperational and operational periods (Table 6-15). j

Asteriidae (starfish) is another predatory taxon that Durmg 1994, nearfield mean density was less than either'

can occur in the low intertidal zone, but is most the g+4onal or operanonal means. At the farfield'

abundant in the shallow subtidal zone. Although two station, the preoperational period mean density was

j genera of starfish occur in the Gulf of Maine, Asterias higher than both the 1994 and operational period means.
,

1 and Leptasterias (Gosner 1978), two species of the Significant differences were not detected between the

former, Asterias forbesii and A. vulgaris are most g+4onal and operational period means or between
j

commonly collected in this study. Predation by Asterias station means, nor was there a significant Preop-Op
;

i spp. on mussels can be locally intense, and this feeding X Station interaction (Table 6-16).

activity is believed to have considerable influence on
both intertidal and subtidal community uncture (Menge Pontogencia inermis can reach lengths of up to !l

i 1979; Sebens 1985). Abundance panems of Asteriidae mm (Bousfield 1973); however, at Seabrook mid-depth

in the Seabrook area were examined in detail in the stations, average lengths were approximately 5 mm

shallow subtidal zone, where they were most abundant. (Table 6-17). Mean length at farfield station B31 was

Densities in 1994 exceeded preoperational and slightly larger than at nearfield station B 19 in both the

operational means at both stations (Table 6-15). No preoperational and operational periods and in 1994.

significant differences between the preoperational and Mean length during the operational period was slightly

operational means or between station means were larger than during the preoperational period at both

h=*A nor was there a significant Preop-Op X Station stations.
i

interaction (Table 6-16).
;

!

.
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/assa marmorata dominant intertidal crustacean in 1982, but was rarely |

collected during the period 1984-89 (NAI 1991b). !
'

The tube-building amphipod Jassa marmorata is Because of this extended period of low abundance,'

i
| a common member of the local fouling community. overall preoperational period mean densities for this

Populations of this species can dominate primary space species were low (Table 6-15). This trend of low
;

on hard surfaces, often outcompeting encrusting species abundance has continued through 1990 and all
i '

by forming a mat " complex" composed of numerous operational years, including 1994, at nearfield station

tubes made from sediment and detritus (Sebens 1985). B1MLW. However, a dramatic increase in A. rubricata

i Primarily a suspension feeder (Nair and Anger 1979), abundance occurred at the farfield station (B5MLW)

J. marmorata also preys on small crustaceans and- during operational years, a trend which has continued
;

I ostracods (Bousfield 1973). In the Seabrook study through 1994. Continued low densities during

|
area, J. marmorata is most abundant at shallow subtidal operational years at B1MLW and continued high

stations, where it is among the dominant taxa (Table densities at B5MLW for that period, when examined

612). Annual mean densities during 1994 were less with ANOVA, resulted in a significant Preop-Op X ,

;

than preoperational and operational period means at Station interaction (Table 6-16, Fig. 6-6).'

both stations (Table 6-15). No significant differences

betweentheprey donalandopmMonalperiodmeans Ampithoe rubricata reach a maximum size of 20 [
,

j or between stations were detected, nor was there a mm (Bousfield 1973). During our studies, average t

j significant Preop-Op X Station interaction. lengths generally ranged from 7 to 10 mm (Table 6-17), !
with a variety of size classes observed. During the ;

i '

Jassa marmorata can reach a maximum length of prwpmional period, mean length was larger at the

up to 9 mm (Bousfield 1973), and growth rate and farfield station, with the opposite observed in 1994
4

molting frequency of this species is strongly related and during the operational period. Mean lengths at

j to temperature (Franz 1989). Lengths ofJ. marmorata BIMLW are likely not representative because of the

; in our study averaged approximately 4 mm, with mean low densities ofA. rubncara available for measurement.
I

lengths slightly higher at the nearfield station (B17)!

than at the farfield station (B35) during both periods.

j and during 1994 (Table 6-17). Comparisons of Stronevlocentrotus droebachiensir

piapmdonal and operational means revealed few ;

i,

j between-period differences at either station. The green sea urchin, Strongylocentrorus
droebachiensis, is well documented as havingi

considerable influence on low intertidal and subtidal

Amoithoc rubricara communitystructure (Lubchenco 1980; Witman 1985;
Novaczek and McLachlan 1986; Johnson and Mann j

Another amphipod occasionally common to benthic 1988). Grazing by locally dense aggregates of S. ]
habitats in the Seabrook area is Ampithoe rubricata. droebachiensis in the subtidal zone can preferentially i

This species is most abundant in the intertidal zone, eliminate populations of foliose algae (Breen and Mann j

building nests among fucoids and in mussel beds 1976; Witman 1985), such as Laminaria saccharina |

(Bousfield 1973). Occurrence and abundance panems and L longieruris (Larson et al.1980; Mann et al.

ofA. rubricata have been unpredictable over the entire 1984). What remains after this severe grazing is a i

study period, with relatively high densities noted in barren ground of primarily crustose coralline algae.

some years, and absence or near-absence observed in S. droebachiensis is susceptible to disease-induced local

other years. For example, A. rubricata was the extinction, allowing foliose algae to recolonize denuded4

4
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F1 gum 6-6. Comparisons betweenintertidal susions of mean density (log (x+1)) of Ampithoe
rubricata during the preoperational(1978-1989) and operational (1990-1994) periods
for the significant interaction term (Preop-Op X Station) of the ANOVA model
(Table 6-16). Seabrook Operational Report,1994. |

I
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areas. Sea urchin abundance cycles and subsequent Most sea urchins collected werejuveniles, with mean

habitat modification have been linked to shifts in local length of approximately 2 mm during the pi+ wional
4

f lobiner landings (Breen and Mann 1976); however, this period at both nearfield and farfield stations (Table

relationship is still unclear and remains a source of 6-17). Mean length was somewhat greater at the

controversy (Einer and Vadas 1990). farfield station than at the nearfield station during the
'

operational period.

Sea urchins collected in destructive samples were

small(Table 6-17), and not considered a dominant Densities of acult sea urchins also were estimated

factor in structuring communities at any depth zone, during subtidal iransect sampling, and have been
a

Sea urchins were most abundant in the mid-depth zone - relatively bw sbsee sampling began in 1985 (Table'

in the preoperational and operational periods and in 6-18). Annud mean densities during the pqcrional
2

1994 (Table 6-15), with higher densities at the nearfield period never exceeded 1.3/m , and were typically
2

station compared to the farfield station. Operational <0.5/m . At shallow subtidal station B17, operational

period mean densities were similar to preoperational and 1994 means were within the range of the

| period means at both mid-depth stations, although preoperational mean. However, higher densities have ,

"

densities recorded in 1994 were substantially higher been recorded at station B35 and both mid-depth
7

than either period mean. No significant between-period stations (B19, B31) during the operational period and,

| or between-station differences were ded and the in pamcular, during 1994. In fact, the highest densities

Preop-Op X Station interaction term was not sigmficant to date were observed in the mid-depth zone in 1994,
; 2

(Table 6-16).
exceeding 12 urchins /m at the farfield station (B31),

;
2and 7/m at the nearfield station (B19).'

i
;

)

|

| TABLE 6-18. MEAN DENSITIES (PER m ) AND RANGE OF ADULT SEA URCHINS OBSERVED
2

IN SUBTIDAL TRANSECTS DURING PREOPERATIONAL(1985-1989) AND
4

j OPERATIONAL (1991-1994) PERIODS, AND DURING 1994. SEABROOK
OPERATIONAL REPORT,1994.

1

|

PREOPERATIONAL 1994 OPERATIONAL'

STATION MEAN RANGE MEAN MEAN RANGE

B17 0.20 0.00-1.30 0.31 0.10 0.01-0.31

B35 0.10 0.00-0.50 1.86 0.52 0.00-1.86:
'

:
i B19 0.09 0.02-0.20 7.12 2.31 0.01-7.12

B31 0.04 0.00-0.24 12.31 4.63 0.02-12.31

ALL'

STATIONS 0.11 0.00-1.30 5.40 1.89 0.00-12.31

!.
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Modiolus modiolus near surface waters, due to the buoyant nature of most |
)

thermal plumes. Such impacts are well-documented

Beds of the northem horse mussel Modiolus modiolus
for intenidal and shallow subtidal communities during I

are often extensive in subtidal habitats in the Gulf of monitoring studies for cosstal nuclear power plants

Mame, providing additional hard substratum for benthic elsewhere, and include elimination or reduced

algae (Sebens 1985), and sheltering a diverse group abundance of cold-water species, and increased ;

I

of invertebrates in spaces between individual mussels abundance of warm water tolerant and/or opportunistic

(Witman 1985; Ojeda and Dearbom 1989). Large species, leading to the development of communities

sea stars (Asterias spp.) actively prey on M modiolus, distinct from those seen prior to thermal incursion and

while another common subtidal predator, the from those on nearby unaffected coasts (Vadas et al.

omnivorous sea urchin Strongylocentrotus 1976; Wilce et al.1976; BECO 1994; NUSCO 1994).

droebachiensis, appears to choose foliose macroalgae

over M modiolus (Briscoe and Sebens 1988). Urchin
Another less common impact resulting from coastal

activity may actually enhance M modiolus abundance nuclear power plants is related more to altered water
,
'

by grazing kelps off mussels and decreasing the risk cin:ulation patterns than to thermal incursion.'

of mussel dislodgement (Witman 1987). Specifically, the introduction (discharge) of turbid water
to an area of historically lower levels of turbidity,

'

i
Mean densities ofM modiolus were similar during A.a light penetranon and increases sedimentation

4

rates. Sources of this turbidity include suspendedthe y+. Gonal and operational periods at both mid-
'

depth stations, although a relatively high density inorganic and organic particles from higher energy

occurred at farfield Station B31 in 1994 (Table 6-15). areas, such as wave-swept shores (Osman et al.1981;

) No significant differences between preoperational and NUSCO 1988; Schroeter et al.1993) and increased )
'

| operational period means or between station means detrrtal deposition resulting from settlement ofentramed

; were detected, nor was Preop-Op X Station interaction organisms. Turbidity impacts would be most pro-

tenn significant (Table 6-16). nounced in areas where levels of water movement and-

physical disturbance are low, such as in deeper water.
i ,

Turbidity effects detrimental to macrobenthic plants

6.4 CONCLUSIONS and animals include shading or burial, and an increased

community dominance by suspension-feeding organisms
.

i 6.4.1 Introduct on and organisms more tolerant of higher sedimentation
rates (Hiscock and Mitchell 1980; Schroeter et al.1993).

Thermal and hydrodynamic changes in physical
conditions, created by operation of the Seabrook Station Because the type of impact a community is

condenser cooling wwer system, could potentially affect vulnerable to appears to be related to its relative

the local hard-bottom macrobenthic communities in position in the water column (i.e., temperature effects

several ways. The most obvious type of impact is for shallow water sites, turbidity effects at deeper wa:er

temperature-related community alteration, resulting sites), potential impacts associated with construction i

from direct exposure to the discharge thennal plume. and operation of Seabrook Station on communities in |
i This type ofimpact could produce significant changes each of these depth zones will be examined separately. |

to nearby attached communities, depending on the
proximity of these habitats to the discharge, and the

f|
hydrodynamic characteristics of the thermal plume itself.

These changes are most likely to occur in surface and
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6.4.2 Evaluation of Pa*-tial Ther-al Plume was observed only in August. Over all three sampling

Effects 9a latertidal/ Shallow Sobtidal BenWs periods, preoperational and operational mean biomass |

Communities values (for total biomass and C. crispus biomass only) :

- were not significantly different. Similar changes were

Nearfield sampling sites used for the Seabrook not observed in the number of algal or faunal taxa !

intertidal and shallow subtidal macrobenthos studies collected or total faunal density in either zone, or in j

were selected because they best represent the shallow total algal biomass in the shallow subtidal zone. |

water communities that are most susceptible to incursion [

by the Seabrook Station thermal discharge plume. Numerical c!sssification of macroalgal and
;

Hydrodynamic modeling, conducted prior to plant start-- macrofaunal biomass and abundance revealed that

up to predict the areal extent of the thermal plume under stations and depth zones had similar assemblageswith [

various meteorological and current regimes, indicated no evidence ofdifferences between the preoperational

that thermal incursion to these sites would be minimal, or operational penods. This suggests that the important

with temperature increases of <lT (Teyssandier et al. structuring mechanisms creating differences between ;

1974). Subsequent field studies, conducted after stanons and among years are most likely natural factors i

Seabrook began commercial operation, verified these that are unrelated to power plant operation. Consistent

predictions by measuring no temperature increases at
with this was the examination of rarely occurring algal

the intertidal sampling site, and increases of <lT at taxa, which provided no evidence of a proliferation |
!

the shallow subtidal site (Padmanabhan and Hecker of wanr.-water species or the appearance of nuisance

species, indicating that the thermal plume has had no
1991).

effect on species composition. ;

Few of the many parameters used to evaluate certain

aspects of the benthic communities in the intertidal Pattems of abundance and occurrence ofindividual
!

and shallow subtidal zones indicated significant taxa in the intertidal zone were monitored in several

differences between preoperational and operational ways. In high, mid and low intertidal quadrats,

periods, and analyses of overall community structure frequency of occurrence of dominant taxa, including [

showed that nearfield macroalgal and macrofaunal barnacles, snails, mussels, fucoids and Chondrus crispus, !

communities have changed little since Seabrook began generally remamed consistent over both y=pesonal |

operation (Table 6-19). Although total August algal and operational periods (Tables 6-7 and 6-13). Some |

biomass declinen significantly at both intertidal sianons, changes during operational years were observed in ,

this decline was larger at the nearfield stanon (B1MLW, fucoid abundances at nearfield fixed transect sites (e.g.,
i

Figure 6-3). This decrease was primarily due to a increased dominance by Ascophyllum nodosum,

dew a in August Chondrus crispus biomass,which decreased r.bundance ofFucus vesiculosus) However,
.

-

was the dominant species at the nearfield stanon during since A. nodosum is reportedly less tolerant of i

both the preoperational and operational periods. It is temperature increases than is F. vesiculosus (Vadas |

unlikely that the decrease in Chondrur crispus biomass et al.1976; NUSCO 1994), this change is most likely
I

is due to a thermal plume effect. Chondrus crispus a natural successional shift, and not a power plant

is found from New Jersey to Newfoundland (Taylor impact. Increases at both sites have been noted for

1957) and is tolerant of a wide range of water F. d. distichus and Fucus sp. juveniles, indicating an

temperatures (Mathieson ar.d Prince 1973), nor does area-wide trend.
.

the thermal plume appear to raise water temperatures

at the nearfield intertidal station (Padmanabhan and Destructive sampling allowed more detailed

Hecker 1991). Furthermore, the decline in total biomass monitoring of abundance panerns of selected dominant
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SUMMARY OF EVALUATION OF POTENTIAL THERMAL PLUME EFFECTS ON BENTHICTABLE 6-19.
COMMUNITIES IN THE VICINITY OF SEABROOK STATION. SEABROOK OPERATIONAL
REPORT,1994.

4

OPERATIONAL NEARFIELD-FARFIELD
PERIOD SIMILAR DIFFERENCES

TO PREVIOUS CONSISTENT WITH
AREA / DEPTH

COMMUNITY ZONE PARAMETER' YEARS?' PREVIOUS YEARS?' ;

'

Macroalgae Intertida! No. of taxa Yes Yes

Total biomass No NF: Op Preop
FF: Op<Preep

Community structure Yes Yes

Shallow No. of taxa Yes Yes

subtidal Total biomass Yes Yes

Community structure Yes Yes

Macrofauna Intertida! No. of taxa - Yes Yes

Total density Yes Yes

Community structure Yes Yes

Shallow No. of taxa Yes Yes
Yes

subtidal
Total density Yes Yes

Community structure Yes Yes

' Abundance, no. of taxa, biomass, total density, evaluated using ANOVA; community structure evaluated using
numerical classification by year and station.

' Operational period = 1990-1994 (August only).
'NF = nearfield; FF = farfield.

SUMMARY OF EVALUATION OF POTENTIAL THERMAL PLUME EFFECTS ONTABLE 6-20.
REPRESENTATIVE IMPORTANT BENTHIC TAXA IN THE VICINITY OF SEABROOK
STATION. SEABROOK OPERATIONAL REPORT,1994.

OPERATIONAL NEARFIELD FARFIELD
PERIOD SIMILAR DIFFERENCES

AREA / DEPTH TO PREVIOUS CONSISTENT WITH
'

COMMUNITY ZONE SELECTED TAXON YEARS?' PREVIOUS YEARS?"

Macroalgae Intertidal Chondrus crispus Yu Yes

Shallow Subtidal Chondrus crispus Yes Yes

Shallow Subtidal Laminaria saccharina Yes -Yes

Shallow Subtidal Laminaria digitara No NF: Op< Preop
FF: Op= Preop

Macrofauna Intertidal Ampithoe rubricata No NF: Op= Preop ,

FF: Op> Preop

intertidal Nucella lapillus Yes Yes

Intertidal Mytilidae Yes Yes

Shallow Subtidal Jassa marmorata Yes Yes

Shallow Subtidal Asteriidae Yes Yes
Yes

Shallow Subtidal Mytilidae Yes Yes
Yes

' Conclusions derived from ANOVA or nonparametric analysis for Preoperational versus Operational periods.
HF = nearfield; FF = farfield; note that nonparametric tests do not test for significant station differences or
station-period interactions..
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intenidal and shallow subtidal taxa. More rigorous 6.4.3 Evaluation of Potential Turbidity Effects on

) statisticaltests(i.e., ANOVA and Wilcoxon's summed the Mid-Death / Deep Benthic Communities I
;

; ranks) were applied to these data to examine differences

j between preoperational and operational periods and Nearfield mid-depth and deep study sites represent

among stations. These analyses indicated that, of the macrobenthic communities in closest proximity to the j

five intertidal / shallow subtidal faunal taxa studied, only Seabrook Station discharge. However, due to their
,

j one (the amphipod Ampithoe rubricata) showed position in the water column (depths 9 "M m) relative

significant changes 'n the relationship between nearfield to the near surface thermal plume, temperature effects

and farfield statior.s during the operational period (Table at these sites are unlikely. Higher sedimentation rates

6-20). Abundantes of Ampithoc rubricata in the resulting from increased ievels of suspendec anicles
:

operational period w ere not consistent between stations in discharge waters relative to the surrounding waters

| (no shift at the neart: eld station, significant increase could potentially impact nearfield deeper water benthic

j at the farfield station), relative to the preoperational communities. Higher sedimentation rates (and impacts

period. However, examination of annual abundances to nearby macrobenthic communities) associated with'

revealed that these shifts began before power plant start- a thermal effluent have been documented for a nuclear

: up. Once dominant at intertidal stations prior to 1986, power plant in Califomia (Osman et al.1981; Schroeter
,

A. rubricata disappeared from both stations until et al.1993), with the major source of turbidity being
;

recolonization was observed in 1988 at the farfield fme inorganic sediments E.rgved from inshore waters

,

station (NAl 1989). Abundances at the farfield station
where intakes for the plant were located. The organic

have continued to increase through 1994, but no component of these sediments contributed little to the
'

'

! recolonization has occurred at the nearfield station since
overall flux of sediments, and no indications of organic i

! 1986. Temporally patchy abundances ofA. rubricata enrichment were observed at sites near the discharge. ,

j have been typical ofthe entire study period, suggestmg ne Seabrook intake is located well offshore and draws

j that highly unpredictable environmental / climatic in relatively low turbidity water, similar to that near

processes, and not power plant impacts, may have the discharge. Derefore, transport of fme inorganic

! prrhM local extmetion and subsequent recolomzation. panicles is unlikely and any increase in sedimentation
would be the result of settlement of organic material

|
Wilcoxon's summed ranks tests indicated that from entramed orgamsms. However, plankton densities .

|
nearfield shallow subtidal populations of Laminaria are also lower in deeper offshore waters near the intake ,

;

[ digitata declined during the operanonal penod, although structure, compared to those in more productive inshore

no change was evident in farfield collections. His waters, thereby reducing the likelihood of any organic

decline at the nearfield station actually began prior to loading to benthic habitats near the discharge.
,

.

| power plant start-up (1989). A similar decline in L
! digirara abundance was also observed at both mid-depth All assessments ofcommunity parameters and overall

| stations (Table 6-6), indicating an area-wide shift in community structure indicated no changes to the

| abundance likely related to the susceptibility of this nearfield mid-depth and deep communities during

species to removal by storms (Kitching 1937), such Seabrook operational years (Table 6-21). Numerical
2

as Hurricane Bob in 1991, and subsequent natural classification characterized overall algal and faunal

factors affecting the degree of recolonization. The one community structure at mid-depth and deep sites, and
;

|
selected algal taxon, Chondrus crispus, did not exhibit revealed high similarity of annual collections within

significant temporal or spatial shifts. depth zone, and no evidence of separate groupings based>

on operational and preoperational periods. In other
words, no substantive changes in community composi-

|
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TABLE 6 21. SUMMARY OF EVALUATION OF POTENTIAL TURBIDITY EFFECTS ON CENTHIC |

COMMUNITIES IN THE VICINITY OF SEABROOK STATION. SEABROOK OPERATIONAL
|REPORT,1994.

OPERATIONAL NEARFIELD-FARFIELD
PERIOD SIMILAR DIFFERENCES

AREA / DEPTH TO PREVIOUS CONSISTEST WITH ,

'

COMMUNITY ZONE PARAMETER * YEARS?' PREVIOUS YEARS?'
i

Macroalgae Mid-depth No. of taxa Yes Yes ;

Total biomass Yes Yes |

Community structure Yes Yes |

Deep No. of taxa Yes Yes !

Total biomass Non est. Yes

Community suucture Yes Yes

Macrofauna Mid-depth No. of taxa Yes Yes ;

Total density Yes Yes

Community structure Yes Yes

Deep No. of taxa Yes Yes

Total density. Yes Yes

Com nunity structure Yes Yes

' Abundance, no. of taxa, biomass, and total density evaluated using ANOVA; community structure evaluated using
numerical classification by year and station.

' Operational period = 1990-1994 (August only).
'NF = nearfield; FF = Arfield.

TABLE 6 22. SUMMARY OF EVALUATION OF POTENTIAL TURBIDITY EFFECTS ON

REPRESENTATIVE IMPORTANT BENTHIC TAXA IN THE VICINITY OF SEABROOK
STATION. SEABROOK OPERATIONAL REPORT,1994.

OPERATIONAL NEARFIELD-FARFIELD
PERIOD SIMILAR DIFFERENCES

AREA / DEPTH TO PREVIOUS CONSISTEST WITH

COMMUNITY ZONE SELECTED TAXON YEARS?' PREVIOUS YEARS?*

Macroalgae Mid-depth Laminaria digitara No Yes

Laminaria saccharina No Yes

Macrofauna Mid. depth Pontogencia inermis Yes Yes

Modiolus modiolus Yes Yes

Mytilidae Yes Yes

Strongylocentrotus
droebachensis Yes Yes

* Conclusions derived from ANOVA or nonparametric analysis for Preoperational versus Operational periods.
'NF = nearfield; FF = farfield; note that nonparametne tests do not test for significant station differences or
station-period interactions.
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tion have occurred at any mid-depth or deep site since 6.5 REFERENCES CITED
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APPENDIX TABLE 6-1. MARINE MACROBENTIIOS SAMPLING IIISTORY. SEABROOK OPERATIONAL
REPORT,1994.

SAMPLING
STATIONS METIIOD MONTIIS YEARS

FARFIELD STATIONS-

Intestidal: B5MLW Destructive May, August, November 1982-1994

B5MSL Non-destructive April, July, November 1983-1994

Subtidal: B35 (shallow) Destructive May, August, November 1982-1994
Non-destructive April, July, October 1978-1994

B31 (mid-depth) Destructive May, August, November 1978-1994

Non-destructive April July, October 1978-1994

Panci Studies Short Term, Long Tenn' 1982-1994

h B34 (deep) Destructive August 1979-1994

Panel Studies Short Term, Long Term" 1986-1994

NIIARFIELD STATIONS
Intertidal: BlMLW Destructive May, August, November 1982-1994

BIMSL Non-destructive April, July, November 1983-1994

Subtidal: B17 (shallow) Destructive May, August, November 1978-1994
Non-destructive April, July, October 1979-1994

BI6 (mid-depth) Destructive August 1980-1984, 1986-1994

B19 (mid-depth) Destructive May, August, November 1978-1994

Non-destructive April, July, October 1978-1994

B04 (deep) Panel Studies Shoit Term, Long Term 1982-1994

Destructive August 1978-1994

1113 (deep) Panet Studies Short Term, Long Tenn 1986-1994
Destructive August 1978-1994.

-5hn.1-lcrm panel studies: three exposure periods - December to April, April to August, August to December.
*

I,ong-tenn panel studies: one-year exposure, August to August.
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APPENDDC TABLE 6-2. NOMENCLATURAL AUTHORITIES FOR MACROFAUNAL
TAXA CITED IN THE MARINE MACROBENTHOS SEC- !

TION. SEABROOK OPERATIONAL REPORT,1994. ,

Mollusca
Polyplacophora .

',

Tonicella rubra (Linnaeus 1767)
*

i

Oastropoda
j Lacuna vincta (Montagu 1803)

Littorina littorea (Linnaeus 1758)'

Littorina obtusata (Linnaeus 1758)
<

|
Littorina saxatilis (Olivi 1792)
Nucella lapillus (Linnaeus 1758)

Bivalvia
Mytilidae-

Musculus niger (J.E. Gray 1824)
Modiolus modiolus (Linnaeus I758).

Anomia sp.
-

Turtonia minuta (Fabricius 1780)
Hiatella sp.

Annelida

|
Polychaeta

Thelepus cincinnatus (Fabricius 1780)
Oligochaeta :

Arthropoda
; Pantopoda

Achelia sphoso (Stimpson 1853) ,

Crustacea'

i Balanus sp. ,

Balanus crenatus Bmguiere 1789

Idotta balthica (Pallas 1772),

Idottapliosphorea I:arge: 1873'

Joera marina (Fabricius 1780)
Ampithoe rubricata(Montagu l808) ;

Gammarus oceanicus Segerstrile 1947

Jassa marmorata (Holme 1903)
Pontogencia inermis Kreyer 1842'

Caprella sp.
,

Caprella septentrionalis Kreyer 1838
Echinodermata

Echiniodea |
"

Strongylocentrotus droebachiensis (MGller 1776) ;

Stelleriodea |

Asteridae |
|

1
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APPE mix TAOLE 6-3. TIIE OCCURREIICE OF MACROALGAE FROM GEIIERAL COLLECTIONS AND DESTRUCTIVE SAPPLING
AT ALL SUtilDAL AND INTERTIDAL DESTRUCTIVE STATIONS, 1978-1994.
SEASR00K OPERAT10RAL REPORT, 1994.

,

CIILOROPNTTA
...............................................................................................................................................

SPECIES |1978|1W9|1980|1981|1982|1963|1984|1985|1986|1987|1988|1999|1990|1991|1992|1993|1994 s

'
.......................................................................................................... ..................................

BLIDINGIA MINIMA (Neog. en Kuetz.) Kylin X X X X X X X X

SRYOPSIS PLUMOSA (Nudson) Agertti X X X

CNAE10MORPNA RRACIlYGONA Marvey X X X X X X X X X X X X X X,

CIIAETOMORPOIA LIIIUM (0.F. Muell.) Kueta. X X X X X X X X X X X X X X X X X

CIIAETENIORPOIA BELA00111186 (F. Weber et Mohr) Kuetz. X X X X X X X X X X X X X X X X X

CNAETOMORPOIA PICOUOTIA184 Mont. eX Kuett. X X X X X X X X X X X X X X X X

1 CIIAETOMORMIA SP. X X X X X X X X X X X X X X X X X

CLA00PNORA REFRACTA (Roth) Kueta. X X X

CLADOPNORA SERICEA (Nudson) Kueta. M M M M X X X X X X X X X X X X X

CODIOLUM PETROCELIDIS Kuckuck M X

EIITEROMORPIIA C(NFRESSA (L.) Grev. X

ENTEROMORPNA INIESTIIIAtlS (L.) Link |X X X X X X

ENTEROMORPOIA LINZA (L.) J. Agere X X X X X X X' X .

ENTER 0MORMIA PROLIFERA (0.F. Muell.) J. Agere X X X X X X X X '

7 ENTEROMORPNA SP. X X X X X

g MONOSTROMA FUSCUM (Postets et Rgr.) X X X X X

N0110 STROMA GREVILLEI (Thuret) Wittr. X X X X X X X X X X X X X

X|XIIDIIOSTRIBIA PULCIRust Fertou X X X X X X X X X X X X X X X X
,
'

IIDIIOSTRINIA SP. X X

PSEUDEIIDOCLONitBI SURMARIIIUA Witte X
RIII20CL0IllUM TORTUO$tRE (Dittwyn) Kuetz. W X X X X X X X X X X X X X X| X X

SPONGOMORPOIA ARCTA (Dittwyn) Kueta. X X X X X X X X X X| ,

SPOIIGOMORPNA SP. X | '
i

SPOIIGINIORPOIA SPIIIESCENS Kuetz. X X X X X X X X X X X X X X| X 'M

|
XULOTIIRIN FLACCA (Dillwyn) Thuret X

XULOTIIRIM SP. ,

ULVA LACTUCA L. X X X X X X X X X X X X X X X| X X

ULVARIA OSSCURA V. BLTTTil (Areach.) Sliding X X X X X X X X X X X X X X| M M

ULVAIIIA OKYSPERIIA (Kuett.) Bliding X X X X X

UROSPORA PENICILLIFORMIS (Roth) Aresch. X X X X X

UIIOSPOIIA WORMSKJOLDil (Nort.) Rosenv. | | X| | | | | | | ;

............................................................................................................................................... ,

(continued)

i

i
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APPEnDiM 1AetE 6-3. (CONTINUED) .

,

;

PIIAEOPNYTA
...............................................................................................................................................

SPECIES | tera . t
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .l t 979 | 19eo l i,s t i t9ez i t oes | 19es | 19es l i,e6 | t9er| 19es | 19e9 | i,9e | 199 t | t992 | 1995 | 199s |............................................................................... .

AGA4 m CtAin ATun D rt.' | X| X| X| X| X{ X{ X| X| X| X{ X| X| X| X| X{ X| X
ALARI A ESCULENIA (L.) Greewitte { X X X X X X X X| M N X X X X X X X r

ASCOPWYLLl8111120SBNI (L.) LeJotis M X X X X X X X X X X X X X X X X '|
CNORDARIA FLACELLIFORMis (Iluell.) Agere X X X X X X X X X X X X X **

DESMARESilA ACULEATA (L.) Leecureum X X X X X M M X X X X X X X X X X !

X X X X X X X X X X ~!X|MDESIIARESilA VIRISIS (Iluell.) Lamouroun X X X X
'

X X X M M N X X X MECT0 CARPUS FASCICULATUS pervey X

ECTOCARPUS SILICULOSUS (Dittuyn) Lynglyye X X X X X X X X X X X X X X X

ECf0 CARPUS SP. X X
+

ELACWISTAFUCICOLA(Velley)Arpch. X X X X X X X X X X X X X X X X X

FUCUS DISTICNUS SSP. DISTICIIUS X X X X X X X| X X X

{FUCUSDISilCNUSSSP.EDENTATUS(each.Pyt.)Powett' | X| X{ M| X| X| X{ X| X| X{ X| M| X| M| X| X| X| X|
FUCUS DISTICIIUS SSP. EVAIIESCENS Agere M N N X X X X X X X X

FUCUS SP. X X X X X X X X X X X X X

FUCUS VESICULOSUS L. X X X X X X X X X X X X X X X X X ,

FUCUS VESICULOSUS V. SPIRAll$ L. X X
7

t^ GIFFORDIA GRAIIULOSA (Sm.) Namel X X
ISTNMOPLEA SPIIAEROPIIORA (Carm. en Nerv.) Kjell. X X X

LAlllIIARIA DIGliATA (Nudson) Lemouroum X X X X X X X X X X X X X X X X X

LAIIINARIA SACCIIARIIIA (L.) Lemouroum X X X X X X X X X X X , X X X X ,X X

X| X| |LAlllIIARIA SP. X X X

| M|LAIIIIIARIOCOLAM 101ENTOSolOES (Fortou) Kylin
Xg X X X X l XLEATIIESIA DIFFolents (L.) Aresch. M M M -X X X X

X|XPETALOIIIA FASCIA (fluell.) O. Kuntre X X X X X X X X X X X X X

PETALONIA 20STERIFOLIA (Reinke) O. Kuntre X j

PETRODERIIA IIACULIFORIIE (Gottny) Kuck. X
'

PNAEOPWYCEAE X | |PILAYELLA LITTORAlls Kjettaen X X X X N N M N X X X X X X X X| , [

PSEUDOLITIIODEADIA EXTEIISUM (P. Crou. et N. Crou.) S. Lund | |XSACCORNIZA DERNATODEA (Sach. Pyt.) J. Agers 9e M M ,

SCYTOSIPIMIII LCMENTARIA (Lyngbye) Link X X X X X X X X X X X X X X X X

SORAP1011 KJELLIIAIIIII (Ultle) Rosenv. X
I

g |X|$PIIACELAltlA ClRIIOSA (Roth) Agere X X X X X X X X X
'

!$PNACELARIA PLUMOSA Lyngbye X X X X ,

|SPNACELARIARADICAIIS(Dittuyn)Agere .
X X X | j

!
,$POIIGOIIEMA TENIENIOSIAI Kuetting X| M X X X X X X X k X| X| M
...............................................................................................................................................

|
.

(continued)
!
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APPENDlX TABLE 6-5. (CONTINUED)

Ret 90PNYTA............................................................................................................................................... .

i197el1979119eo119stit9eai19e5t19e4119es 19e6119er 19ee 19e91199ot1991119921199 sit 994SPECIES.............................................................................................................................................
ACROCIIAEiluM FLEXU0 SUM \ \X| XlX] { | | ! ]

'
'

X X XACROCNAEiltNI SP.
AINIFELilA PLICATA (Iludson) Fries X X X X X X X X X X X X X X X X X

AIITITIIAlelI0NELLA FLOCCOSA (Muell.) Uhitt. X X X X X X X X X .X X X X X X X X
X X-

AUDeuttELLA DAVIESIl (Dittuyn) Uoelk.
X X t

Al20UlIIELLA MEMBRAIIACEA (IIngnus) Papenf. ~

X X X XAABOURIIELLA PtmPIREA (Lightf.) Wootk.
X X

AlB0tillIELLA SP.
X X X ,

SAIIGIA ATROPURPUREA (Roth) Agere
30ItIIE14AISCIIIA IIAIIIFERA Merlot X X X X X X X X X X X X

XCALLITIIAlull0II SP.
CALLITIIAINIBOII TETRAGONUM (Ulth.) S.F. Grey X X X X X X X X X X X X X X X X ,

'

CALLOPIIYLLis CIllSTATA (Ager&) Kueta. X X X X X X X X X X X X X X X X X

X X '
CERAIIIUM DESLONGCIIAMPil Chauvin X|X X X X X X X X X X

f CERAlllUM IIODULOSUM (Lightf.) Ductureau" k X X X X X

' CERATOCOLAX IIARTZll Ronnv. | X X X X X X X X X'

e
CIIOIIDRI A SAILETAIIA (Mont.) IIervey | X

.

g
CIIONDIIUS CRISPUS Stockhouse X X X X X X X X X X X X X X X X X

X X X X X X X X X X
CIIDIIEOCOLAX POLYStPIIDIII AE Reinsch*

CLATIIROMOItPNUM CIRCUMSCRIPTUIt (Stroomf.) Fostle X X X X X X X X X X X X X X X X

CLATINIOMORPNUM COMPACTUM (Xjetin.) Fostie X X X X

X X ,X X X X X X X\X X{ X| X[ X{ X X X
;,C0CCOTYLUS TIlUIICATUS (Pattes) M.J.Uynne et Heine' i

,

8 * ?
COLACONEIIA SECUIIDATA X X X

CORALLIIIA 0FFICIIIAlls L. X X X X X X X X X X X X X X X X X

CVSTOCLOIllL51 PURPUREUM (Iludson) Setters X X X X X X X X X X X X X X X X X

DER ETOLITIICW PUSTULATUM (L==rw .) Fostle X X X X X X X X X X X X X X X X X

X X X X XDEVALERAEA RAMENTACEUM (L.) Guiry
DUMONTI A C011TORTA (S. Gmelin) Repr. X X i X X X X X X X X X X X

X|X|ERYillh0TRICNI A CARIBEA (Dittuyn) Agere X X X
X, X X X X k X X X X X

FIMeltIFOLluM DICNOTOMUM (Lepechin) G. Mensen X X X X X

FOSLIELLA FARIIIOSA (Lemour.) Noue X
'

F0$LIELLA LEJ0LISit X X X X X X X X X X X

X |,GIGAltTIIIALES
X X | | |GLOIOSIPIIDIII A CAPILLAltlS (Iludson) Carmich. en Berk.

GYMN 000NGRUS CRENULATUS (turner) J. Agere X X X X X X X X X X X X X X X

X X X X . X X
NILDEliellAISI A RDORA (Somenerf.) Mench
LEPTOPHYitNI F0ECUNDUM (XJettman) Adey | k X | X X X X | X| X X X| X| X| | X,

...............................................................................................................................................
(continued)

__ . . - - -. .. ... -. . - --
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APPENDIX TABLE 6-3. (CONTINUED)

t

RNODOPNTIA
...............................................................................................................................................

SPECIES |1978|1979|1980|1981|1982|1983|1984|1985|1986|1987[1988|1989|1990|1991|1992|1993|1994
.............................................................................................................................................
LEPTOPNYTUM LAEVE (Stroemf.) Adey X X X X X X X| X| X| X| X| X| X|X| X| X| X
LEPTOPNYitM SP. | X|
LillIOPNYLLtSt CORALLillAE (Crouen fret.) Neydr. X X | | |
LITII0illAINil0N GLACIALE Kjetteen X X X X X X X X X X X X X X X X X i*

NAST0 CARPUS STELLATUS (Stock.) Guiry X X X X X X X X X X X X X X X X X '

MEMBRAN0PTERA ALATA (Nudson) Stockhouse X|X X X X X X X X X X X X X X X X |

PALMARI A PALMATA (L.) O. Kuntze X; X X X X X X X X X X X X X X X X
'

PEYSSONNEllA ROSENVIIIGli Schmitt X X X X X X X X X X X X X X

PNYCODRYS RUBEIIS (L.) Setters X X X X X X X X X X X X X X X X X i

PNYLLOPSIORA PSEUDOCERAIIGIDES (S. Gnelln) Neur. X X X X X X X X X X X X X X X X X !

PHYLLOPMORA SP. X X X X X X X X X X X X X X X X X
' PNYLLOPIIORA TRAILLil Notees en Betters X X ,

PNYMATOLITIIOII LAEVIGATUM (Fostle) Fostle X X X X X X X X X X X X X X

X'|X|X
X X X X X XPetYMATOLITIIO11 LEIIORMAIIDII (Areach.) Adey X X X X X X ,

X X X X X X XPflVMATOLITN011 RUGULOSUM Adey X X X X

PLUMARI A ELEGAIIS (Scrihem.) Schmitt X X X X X X X X

4 POLYlDES ROTLNSUS (IIudson) Grevitte X X h X X X X X X X X X X X X X X

POLYSIPflottlA DEIRSATA (Olttwyn) Grev. en Nervey X

POLYSIPIIONIA FLEXICAULIS (Norvey) F. Cottins X X X X X X X X X X X X X X X X

POLYSIPIIGIllA NARVEYI J. Belley X X X X X X X X

POLYSIPHOIIIA LAIIOSA (L.) Tandy X X X X X X X X X X X X -X X X X X

POLYSIPIIONIA NIGRA (Iludson) Betters X X X X X X X X X

POLYSIPII0 Illa MIGRESCENS (Hudson) Grev. X X X X X X X X X X X X X X X X X

| POLYSIPt101stA SP. X

POLYSIPIIOlllA URCE0 LATA (Lightf. en Olttwyn) Grev. X X X X X X X X X X X X X X X X X

PORPIIYRA LEUCOSTICIA Thuret X X X X X X X X X X X X X X X X
'

i

PORPNYRA LIIIEARIS Grevitte X X'

!
PORPNYRA MilllATA (Ager&) Agere X X X X X X X X X X X X X X X X

X X X X X X
| PORPNYRA SP.
t PORPNYRA UMBILICAllS (L.) J. Agere X X X X X X X X X X X X X X X X X

l PitLOTA SERRATA Xuetzing X X X X X X X X X X X . X X X X X X

X'|X
X X X X XPN000MELA COIBFERvol0ES (Nudson) Silve X X X X X X X X X X

XX X X X X,RNODOPHYSEMAELEGANS(P.CruenejN.Cruen)P.Dixon
jsCAGELIA PYLAISAEl (Mont.) Wynne X X X| X X| X| X X X X| X| X| X| X| X ; X| X
|TURIIERELLA PENIlYI (Marvey) Schmitz | | X| | X| | | | | | | | | | | | | |

,
...............................................................................................................................................

'Formerly called Agarts cribrosta (Mert.) Bory. Stations 81MLW, B1MSL (generet collection only), 317, B19,
831 sempted in 1974-1994; 35MLW, 858tSL (generetName in question. collection only), 335 sempted in 1982-1994; 816'Recently revised, and to be included under T. distichus ssp. sempted in 1980-1984 and 1986-1994; S13, 304 .

'eranescens sempted 1978-1984 and 1986-1994; B34 sempted 1979-
'Formerly celled Ceraelta rubrim (Iludson) Ager& . ""d IE'
'Formerly cetted Phyliophora truncata (Pelles) A. Zin. 8 8 , R1 , 816 sempted in August only.
'Formerly cetted Scajeita corallina (Rupr.) Nonsen. :

_ _ - _ - - _ _ - - - - - - _ - - - - - - _
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SUMMARY

The fouling community settling and developing on surface panels has shown predictable seasonal pattems

throughout the study. Trends observed durmg the operanonal period were similar to previous years. Most measures

of community structure (biomass, abundance, number of taxa), and abundances and frequencies of individual ;

|

taxa indicate fouling community settlement (on panels exposed for one month) and development (on panels expoaed .

for increasing time periods,1 12 months) showed no siri&=r* differences between preoperational and operational

periods. Some parameters measured on the year-end fouling community (panels exposed for one year) indicated
changes during the operanonal period that were not consistent between neerfield and farfield areas. This observation,

is complicated by the weather-related loss of panels at the nearfield station in 1992, reducing the number of
observations during the operational period.

!
!

1

;

..

1
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I SURFACE PANELS

; |
! |

|
.

|

i

one month; monthly sequential (MS) panels, exposed
:

j 7.0 SURFACE PANELS for increasing time periods from 1-12 months and !

quarterly sequential (QS) panels exposed three, six, !

! 7.1 INTRODUCTION nine and 12 months. Two replicate short-term panels f
*

and one monthly sequential panel were collected

The surface fouling panels program was designed monthly at each of the stations. In addition to the one

to study both settlement panems and community devel- MS panel, two QS panels were collected in March, |

opment in the discharge plume area and the correspond- June, September and December for a total of three |4

ing farfield area. The program is based on the panels. In December, an additional MS panel was !

hypothesis that the local fouling community is not collected at each station. |
:

|adversely influenced due by exposure to the thermal
.

'

plume. Short-term panels, submerged for one month,
j

5

,

provided information on the temporal sequence of settle- 7.2.2 Laboratory Methods j

! ment activity, while monthly sequential panels, collected |

after one to twelve months exposure and quarterly in the laboratory, each panel was dismantled and'
,

eequential paaels collected after three, six, nine and the panel face photographed. Fouling material was !
,

12 months, provided information on species growth scraped off the wood block and panel support apparatus
2

and pattems of community development. and rinsed over a 0.25 mm mesh sieve prior to storage !

.

or processing. Wood blocks from all MS and QS panels |

! were dried, split, and examined for the presence of

7.2 METHODS wood-boring organisms.
a

7.2.1 Field Methods All noncolonial species collected monthly on both

ST replicates and one December MS replicate were-

Fouling panels (10.2 cm x 10.2 cm roughened plexi- identified and enumerated When high abundances j

j glass plates, bolted to pine blocks of equal size) were of Mytilidae, Hlatella sp. and Anomia sp. occurred, {
,

collected monthly from January through December at organisms were enumerated from mhaamples gerarated
-

two mid-depth stations (nearfield B19, depth 12.2 m using a Folsom plankton splitter (NAI 1990). Colonial
-

i and farfield B31, depth 9.4 m, Figure 7-1). The animals, diatoms and macroalgae on ST panels were
'

|
.

j designation mid-depth was based on the surface to quantified by determining the percent frequency of

bottom depth in relation to more shallow stations occurrence on the panel face (Muciler-Dombois and
,

sampled for other programs in this study (i.e., benthos, Ellenberg 1974; Rastetter and Cooke 1979; NAI 1990).

]. macroalgae). Panel depths below the water surface Colonial animals, diatoms, and macroal al species wereF

! ranged from 3 to 6 m depending on the tidal stage. recorded as "P" (present, tmt noc quantified) when found

Collections were made at Stations B19 and B31 from in the sample, but not directly on the panel face. For
;

; 1978 to 1984 and from July 1986 through 1994. MS and QS panels, the percent frequency of occunence
'

Historically, collections were also made at Station B04 of selected dominant animals (colonial and noncolonial),

from 1978 to 1984 and 1986-1993, and at Station B34 and diatom and macroalgal species was -eima'M using

from 1982-1984 and 1986-1993. Information on these the procedure cited above. Counts were estimated for<

j stations is presented in NAI and NUS (1994). noncolonial species and an abundance class was record-

i ed. Abundance classes, assigned I through 5, consist

|
Three different exposure strategies were employed ofranges of numbers ofindividuals (1-10, I l-100, . ..,

at each station: short-term (ST) panels, exposed for >10,000, respectively). Colonial and noncolonial#

7-1
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! !

dominants, diatoms, and macroalgae were recorded mixed model ANOVA developed byNortheast Utilities, !
'

as "P"(present, but not quantified) when found in the based on recent reviews of the Before-After/ Control- !'

sample, but not directly on the panel face. These Impact (BACI) model by Underwood (1994) and j
!;

j laboratory methods for MS panels were initiated in Stewart-Oaten et al. (1986), was used with all effects

weini drandomexceptoperationalstatus(Preop.Op). ;

! 1987.

j Sampling time and location were considered random |

| Random samples of 2200 Mytilidae and 2100 Jassa because both sampling dates and selected locations [

: marmorata Holmes 1903 individuals found on MS and represented only a fraction of all the possible times ,

!

QS panels and in the residue were measured and and locations (Underwood 1994). Preoperatior.al periods

! recorded in 0.1 mm increments (NAI 1990).~ AllJ. for each analysis are listed on the appropriate figures |
;

|' marmorata and Mytilidae individuals less than 1.0 mm and tables. Log (xt1) transformed monthly mean I

were recorded as <1.0 mm and estimated at 0.5 mm .alues were used in the ANOVAs for short-term i

j in calculations of mean lengths. noncolonial total abundance and all selected species I
!abundances (Jassa marmorata and Mytilidae), or

! Dry-weight biomass from one of each pair ~of ST frequencies ofoccurrence (Tubularia sp.). Non-trans-

replicates and all MS and QS panels was determiaed fonned monthly means were used in the multiway ,i
i

aAer taxonomic processing by dryin;; all faunal and analyses of variance for short-term and monthly

! floral matenal to a constant weight at 105'C. sequential biomass and short-term number of taxa. f
!

A significant difference in the interaction (Preop-Op-

X Station) was investigated by comparing the least j

7.2.3 Analytical Methods square means with a paired t-test (SAS 1985).
,

1s

|
Analysis of Variance

f0 LISE1

f Recruitment on ST panels, measured on a monthly

j basis by the number of all taxa, the abundance of Community development was also assessed by

: noncolonial organisms, and total biomass, indicated examining biomass, species richness, and abundance |

the potential for fouling community development. on surface panels exposed for one year. A comparison |
8

Monthly biomass levels on MS and quarterly biomass was made bermen preoperational(generally 1982-1984 !2-

j levels on QS panels give an indication of community and 1986-1989, which was treated as one period (no |

! development. Muhiwayanalysesofvanance(variables statistical comparisons were made between the two

Proop-Op, Year, Station and Month) were used to com- periods) and operational (1991-1994) periods at each

pare fouling community settlement ponerns (as exempli- station using paired t tests (SAS 1985). Selected
i

! fied by species richness, abundance, biomass and select- dominant species (Mytilidae and Jassa marmorata)

ed dominant species on short-term panels) as well as lengths from MS and QS panels were also compared
c

community development (biomass, dominant species using paned i tests to determine if average annual

on MS and QS panels) bEw. preoperational (1978- lengths varied between the neadield and farfield station

1984 and 1986-1989 for short-term panels and MS pair in 1994.

biomass, 1987-1989 for other MS variables) and

j operational (1991-1994) years at paved nearfield (B19)
and farfield (B31) Stations (the two prep..donal'

: periods, 1978-1984 and 1987-1989, were treated as
one period and were not statistically compared). A

;

i 7-3

1

i .
4



!

? i
,

SURFACE PANFI A ,

7J RESULTS biomass. The 1994 seasonal trend for biomass at !

Station B 19 followed a pattem similar to the preopera- ,

73.1 Short-Term Panels tional and operational periods (Table 7 2). Biomass ;

remained low through August in 1994, peaked in

Short term panels provided information on the sea- September and declined steadily from October through

sonal cycles of settlement activity. Seasonal cycles December (Figure 7-2). ,

in number of taxa in 1994 and during the operational [

period were similar to the preoperational trend (Figure
At farfield Station B31, the operational period ;

7-2). The number of taxa typically increased during biomass levels remained low throughout the year with
,

!

May and June and remained high through September ~ two minor peaks, May and November, when biomass

at both B 19 and B31. Monthly numbers of taxa during levels were above the 95% confuience levels established ,

the operational period and 1994 were similar to the during the preoperational period Durmg 1994 at Station |

j>iecv 4ional average at both stations with the B31, biomass levels remained low through July, ;

exception of June and August when 1994 and increased steadily to a pronounced peak in November :

operational taxa numbers were above the' 95% (nearly Sg/ panel), then dropped to low levels in ;

confidence intervals (Figure 7-2). Annual mean December, consistent with operational and preopera-
I

numbers of taxa at B 19 and B31 were also similar and tional periods (Figure 7 2). However, on an annual

consistent with both yi+.eional and operational basis,1994 biomass means at both stations were similar

periods (Table 7-1). Based on ANOVA, there were to preoperational and operational means (Table 7-1).

no significant differences between the preoperational- ANOVA results indicated there were no significant |

and operational periods or between stations (Table 7-2). differences for the main effects (Proop-Op and Station), ;

The interaction term (Proop-Op X Station) was not and the interaction of the main effects (Preop-Op X :

significant. Station) was et significant (Table 7-2).

Seasonal patterns of faunal abW~ for non. Several dominant taxa on short-term panels were ;

,

j colonial species at mid-depth Stations B19 and B31 monitored to determine their seasonal settlement i
i

during the operanonal years were similar to those during pateems. Historically, Mytilidae (mamly Myrilar edulis
;

| preoperationalyears. Historically,abundancesranained Linne 1758 spat) was the most abundant noncolonial

low from January to May, increased in June a: d July, taxon. Seasonally, the recruitment ponern for Mytilidae

| then declined from August to December (Fip 7-2). during 1994 at Stations B19 and B31 closely followed

Mean abundances at both stations during If44 were the operational and preoperational seasonal trends :
'

greater than the preoperational and operational period (Figure 7-3). Low to moderate settlement occurred
,

'

means, prunarily due to the elevated abundances durmg from January to May. Settlement increased in June
|

June, October and November, which were outside the and remained high until late fall, following the pattern

preoperational 95% confidence intervals (Table 7-1, of larval availability (Section 4.0). In 1994, the June- |

Figure 7-2). There were no significant differences September period of increased abundance was bimodal ,

between the preoperational and operational periods, at both Stations B19 and B31, with the first peak

or between stations, and the interaction term (Preop Op occurring in July (B19) or June (B31) and the second

X Station) was also not significant (Table 7-2). peak occurring in October at both stations. The 1994 |

monthly abundances at both stations were higher than

Seasonal settling patterns for the entire fouling the operational and preoperanonal averagMurmg June, j
I

community (motile fauna, colonial organisms, October and November. Annual mean abundances at

macroalgae) were best demonstrated by changes in Stations B19 and B34 in 1994 were higher than their

!7-4
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TABLE 7-1. MEANS (PER PANEL) AND COEFFICIENT OF VARIATION (%) FOR SELECTED PARAMETERS AND'

bSPECIES ABUNDANCES AT STATIONS B19 AND B31 DURING THE PREOPERATIONAL AND
OPERATIONAL PERIODS (1991-1994), AND 1994 MEANS. SEABROOK OPERATIONAL REPORT,1994.

|
b| PREOPERATIONAL 1994 OPERATIONAL

. PARAMETER / PANEL"
TAXON TYPE STATION MEAN* CV MEAN* MEAN* CVl

Total no. of taxa ST B19 11.3 30.4 12.0 13.2 14.0-

B31 10.8 25.2 11.7 12.4 5.5

Total noncolonial ST B19 42.3 20.5 94.5 74.8 13.3
i

| abundance B31 53.9 20.5 80.3 65.7 16.2
i

Total biomass ST B19 0.8 40.8 0.5 0.5 56.2'

(g) B31 0.6 67.5 0.8 0.5 57.2,

| Mytilidae ST B19 30.4 22.6 58.9 41.8 21.6
B31 39.6 21.1 61.2 37.0 27.2

.

| Jassa marmorata ST B19 3.0 29.0 2.1 2.1 7.9j
| B31 3.9 30.4 4.2 3.2 36.8.

| Tubularia spp. ST B19 1.9 51.2 2.1 1.9 14.6
B31 1.1 73.6 0.3 0.7 105.7

Biomass MS B19 207.8 106.6 127.7 201.1 56.1i

| (g) B31 236.8 90.0 139.8 203.9 37.6

Biomass QS B19 -- -- 151.4 - -

(g) B31 - - 157.0 - -

Total number of taxa QS B19 - - 22 - --

B31 - - 16 - -

Laminaria sp. QS B19 - -- 0 -- --

B31 - -- 0 - -

aST = short term MS = monthly sequential OS = quarterly sequential
bPreoperational = 1978-1984; Jul 19864kc 1939
' Geometric mean for total abundance, and Mytilidae and J. marmorata abundance
Percent frequency of occurrence for Tubularia sp. Preop. and Op. means are means of annual means.

,
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| TABLE 7-2. RESULTS OF ANALYSIS OF VARIANCE COMPARING MONTilLY TOTAL NUMBER OF TAXA, NONCOLONIAL
FAUNAL ABUNDANCE, TOTAL BIOMASS. AND SELECTED SPECIES ABUNDANCE OR PERCENT FREQUENCY
ON SHORT TERM PANELS AT MID-DEPTH STATION PAIR (B19 AND H31) DURING PREOPERATIONAL

i (1978-1989) AND OPERATIONAL (1991-1994) PERIODS. SEABROOK OPERATIONAL REPORT,1994.

SOURCE OF

PARAMETER STATIONS VARIATION di MS 14

Number of taxa B19,B31 Preop-Op" 1 216.66 1.68 NS
Year (Preop-Op)'' 13 137.83 1.61 NS

Month jYear)* 155 80.74 13.53 * * **

Station 1 26.43 51.92 NS
Preop-Op X Station * 1 1.15 0.10 NS

fYear (Preop-Op) X Station 13 11.04 1.85*
Enor 155 5.97

Noncolonial faunal abur. dance B19,B31 Preop-Op 1 1.69 0.74 NS
Year (Preop-Op) 13 1.97 0.92 NS

Month (Year) 155 2.12 24.44 * * *

Station 1 0.08 0.18 NS

$ Preop-Op X Station 1 0.41 4.26 NS
Year (Preop-Op) X Station 13 0.10 1.12 NS
Error 155 0.09

Biomass B19,B31 Preop-Op 1 3.44 5.79 NS
Year (Preop-Op) 11 1.74 0.62 NS

Month (Year) 135 2.33 2.71 * * *

Sta. ion I l.09 6.88 NS
Preop-Op X Station 1 0.21 0.16 NS
Year (Preop-Op) X Station 11 1.34 1.56 NS
Error 135 0.86

Mytilidae B19,B31 Preop-Op 1 0.15 0.06 NS
Year (Preop-Op) 13 2.27 0.83 NS

Month (Year) 155 2.71 25.46* * *
Station 1 0.09 0.19 NS
Preop-Op X Station 1 0.48 3.91 NS
Year (Preop-Op) X Station 13 0.12 1.14 NS
Error i55 0.11

(continued)
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TABLE 7-2. (Continued)

SOURCE OF

PARAMETER STATIONS VARIATION di MS 18

Jassa marmorata B19,B31 Preop-Op I 0.63 1.63 NS

Year (Preop-Op) 13 0.58 0.71 N S

Month (Year) 155 0.69 8.4 8 * "

Station 1 0.81 79.44 NS
Preop-Op X Station 1 0.02 0.11 NS.

,

|
Year (Preop-Op) X Station 13 0.21 2.58 "
Ermr 155 0.08

Tubularia sp. B19,B31 Preop-Op I 0.17 0.25 NS
,

Year (Preop-Op) 13 0.85 0.99 NS

Month (Year) 155 0.70 5.19 " *
Station i 2.41 22.19 NS
Pirop-Op X Station 1 0.12 0.41 N S

$ Year (Preop-Op) X Station 13 0.30 2.20*
Error 155 0.13

" Preop-Op = 1991-1994 v. previous years (1978-84; July 1986-December 1989) regardless of station
bYear nested within preoperational and operational periods regardless of station
* Month nested within year regardless of station
dStation regardless of year or period
' Interaction between main effects Station and Preop-Op
finteraction of station and year nested within preoperational and operational periods :

ENS = Not significant (p20.05)
* = Significant (0.052p>0.01)

" = liighly significant (.012p>0.001)
l "* = Very highly significant (0.0012p)

.
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SURFACE PANELS
.

|
-

respective preoperational and operational averages 7.3.2 Monthiv Senuestial Panels |

(Table 71). Based on ANOVA, there were no |

significant differences between the preoperational and Monthly sequential panels provide information on i

the operational periods, between stations, and the cumulative growth and successional pattems of |
;

interaction term for these two main effects was not development within the fouling community. Seasonal
'

significant. pattems of community development were assessed by i

examining monthly biomass levels. At stations B19 '

The amphipod Jassa marmorata (Holmes 1903, and B31 during the operational and preoperational ;

formerly known as J.falcata and revised by Conlan periods, wawmal biomass patterns on monthly sequential

(1990)) is a common fouling orgaman (Bamard 1957). panels remained low from January to June, increasing [
t

This species lacks a larval stage, so recruitment occurs from July to a peak in late fall / winter (Figure 7-4).

through dispersal of juveniles or adults through the During 1994, the summer increase began in June,

water column (Bousfield 1973). In 1994, and peaked in August then declined through December at
,

throughout the study petiod,J. marmorataabundances both stations to levels below the preoperational and

at B19 and B31 were low throughout the year with operational means. On an annual basis,the 1994 mean

a small late-summer increase (Figure 7-3). Annual biomass at both stations was lower than either '

mean abundances in 1994 were comparable to the prw&ional or operational means (Table 7-1).

preoperational and operational means (Table 7-1). Historically there has been high yearly variability in

Based on ANOVA, there were no significant differences this measurement as is indicated by the high coefficient ;

between the preoperational and operational periods or of variation (CV) at each station during the preopera-
c

between stanons (Table 7-2). Similarly, the interaction tional period (Table 7-1), resulting in a significant

term was not significant (Table 7-2). difference among years (Table 7-3). There were no ,'

significant differences between the preoperational and

Hydroids of the genus Tubularia sp. are dense operational periods, between stations, and no significant

summer colonizers. They are important as habitat interaction of these main effects.
'

formers and provide a substrate (Field 1982) and food

source (Clark 1975) for epifaunal taxa. In previous Seasonal pattems of abundance of the community

years, Tubularia sp. reached peak cover between July dominants in 1994 were similar to those observed

and Saptember (NAl 1992). During 1994 the peak during the pi+4sonal period in most cases. -

percent cover occurred in November at Station B19 Mytilidas spat settled heavily on panels in June at both I
|

and in October at B31, one to two months later than stations (Figure 7-4). Percent frequency ofoccurrence

the preoperational peaks (Figure 7-3). Although the during 1094 reached a peak in August followed by

i 1994 peak frequencies at both stations were high a general decline through December at both stations. <

'

relative to preoperanonal and operational peaks, annual Durmg the op. rational period Mytilidae monthly percent

means were similar to (B19) or below preoperational frequencies of occurrence showed high seasonal

and operationa! means (Table 7-1). There were no variability and were similar to monthly means during

significant differences for the main effects (Proop.Op the preoperational period.

and Station), and the interaction of the main effects

(Preop-Op X Station), was not significant (Table 7-2). Mytilidae spat measurements from monthly sequential

panels in 1994 were compared to determine if mean
lengths differed between the neatfield-farfield station
pair. Mytilidae annual mean lengths averaged 1.7 at
Station 19 and 2.2 mm at Station 31 in 1994

7-10
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TABLE 7-3. ANOVA RESULTS COMPARING MONTHLY SEQUENTIAL PANEL BIOMASS AT THE MID-DEPTil (B19,
B31) STATION PAIR DURING PREOPERATIONAL(1978-1989) AND OPERATIONAL
(1991-1994) PERIODS. SEABROOK OPERATIONAL REPORT,1994.

SOURCE OF
,

STATIONS VARIATION df MS FR

aMid-depth Preop-Op 1 1,672.30 0.01 NS

B19,B31 Year (Preop-Op)b 13 294,681.80 2.M*
StationC 1 8,130.21 0.48 NS

Month (Year)d 145 133,139.93 12.44 " *
CPreop-Op X Station i 17,361.34 0.89 NS

Station X Year (Preop-Op)I 13 20,818.86 1.95*

p Error 145 10,703.21

G
" Preop-Op = 1991-1994 v. previous years (1978-84; July 1986-December 1989)
bYear nested within preoperational and operational periods regardless of station
CStation regardless of year or period
dMonth nested within year regardless of station
Cinteraction between main effects
IInteraction between station and year netted within the preoperational and operational periods
ENS = Not significant (.05>p)

* = Significant (.01<ps.05)
** = liighly significant (.001<ps.01)

"* = Very highly significant (ps.001)

._. . _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - - _ _ _
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(Table 7-4), and were not statistically different based A t test indicated that there were no significant length

on a paired t-test (t=-0.65, p>0.5). differences at the nearfield-farfield station pair B19

and B31 (t=-0.11 p>0.9).

Jassa marmorata percent frequency at Station B19

during the preoperational period was quite variable In 1994, Balanus sp. (including Balanus spp. and i

seasonally. This trend has continued throughout the Semibalanus balanoides L.) first appeared at nearfield |

operational period and was especially noticeable in 1994
Stations B19 and B31 in April, similar to previous years |

(Figure 7-5). However, in general, frequency of (Figure 7-5). Monthly percent frequency in 1994

occurrence has been low from January to June followed remained high at both stations through late spring and

by an increase through the end of the year. The farfield
summer season, June-September at B19 and May-

Station B31 has been seasonally less variable during August at B31, in contrast to the preoperational means.

the preoperational period, with frequencies low from With few exceptions, the operational monthly means

January to June, peaking in August followed by a at both stations were greater than the preoperational

decline through December. The operational period means, but within the established 95% confidence

was similar to the preoperational period, although intervals.

monthly frequencies in 1994 were quite variable from
June to December. The average length of Jassa Durmg the preoperational period Tubularia sp.

marmorata individuals colonizing monthly sequential generally first occurred in April at both stations, with

panels was 3.0mm in 1994 at both stations (Table 7-4). the seasonal pattem of occurrence quite variable from

TABLE 7-4. NEARFIELD/FARFIELDCOMPARISON OF AhWUAL MEAN ANT
STANDARD ERROR OF JASSA MARMORATA AhT MYTILIDAE
SPAT LENGTHS (mm) FROM MONTHLY SEQUENTIAL PANELS
CGLLECTED IN 1994. SEABROOK OPERATIONAL REPORT,1994.

MYTILIDAE SPAT JASSA MARMORATA

STATION MEAN STANDARD MEAN STANDARD
LENGTH ERROR LENGTH ERROR

(mm) (mia)

Mid-depth B19 1.7 0.44 3.0 0.30

B31 2.2 0.70 3.0 9.35

year to year as evidenced by the wide 95 % confidence sp. occurred only in October. During the operational

intervals (Figure 7-5). In 1994, at both the nearfield period Tubularia sp. has occurred later in the year,

and farfield station, Tubularia sp. first appeared in July at B19 and August at B31, than during preopera-

October. However, at B19 frequencies were higher , tional years.
than the established 95% confidence intervals during

November and December. At Station B31 Tubularia

7-13
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7.3.3 Omarterly Seanential Panels and reaching a high in December at Station B19 and |
September at Station B31. Frequencies in 1994 were i

Quarterly sequential (QS) panels provide additional lower than the preoperational average at Station B19

information on growth and successional patterns of but consistent with the previous years (Figure 7-7) at
'

development within the fouling community, and through Station B31. In 1994, Balanus sp. first appeared in

panel replication, allow assessment of within-station June with approxunately 90% frequency of occurrence i

variability. Comparisons can be made with the at both stations followed by a decline through the last

preepmeional period by using the monthly preopera- quarter (Figure 7-7). Percent frequencies in 1994 were

tional mean from the MS panel program for those higher than those observed during the preoperational

months sampled in the QS program (Figure-7-7). period. Tubularia sp. was absent from panels at Station

Quarterly biomass levels were used to assess pattems B31, and was rare at Station B19, reaching a peak of

ofcommunity development. Durmg 1994 biomass levels only 30% in December (Figure 7-7). Quarterly trends ,

were first measurable in June, increased to a peak in observed during the preoperational period showed i

September, then declined in December at both Stations average percent frequencies were less than 20%.

B19 and B31 (Figure 7-6). This seasonal' trend However, the quarterly sampling regime misses the !

paralleled those observed in ST panels (Figure 7-2) months where the preoperational average has been

and MS panels. These programs showed an unusual highest (Figure 7-5). When present, all selected

fall decline in 1994 in hwison to the preoperanonal dominant taxa showed high within-station variability

period, which showed peak biomass in December in frequency of occurrence.

(Figures 7-4,7-6). The annual average biomass in 1994
was similar to that observed for MS panels (Table 7-1). Mytilidae spat and Jassa marmorata measurements ,

'

The nearfield and farfield biomass values were similar, from QS panels in 1994 were compared to determine

also paralleling trends on the MS panels. Within-station if mean lengths differed between the nearfield/farfield

variability was high, particularly during peak periods. station pair. Mytilidae annual mean lengths averaged ;

1.8 mm at Station B19 and 2.8 mm at Station B31 :

The number of taxa on QS panels in 1994 averaged (Table 7 5). This difference was not significant (t=-
'

22 at Stations B19 and 16 r J B31 (Table 7-1). The 0.55, p>0.61). Average lengths of J. marmorara

numbers of taxa on QS panels were higher than those individuals colonizing QS panels averaged 2.6 mm at

on ST panels, a reflection ofincreased exposure time. Station B31 and 2.7 mm at Station B19. There was !

no significant difference in length between the two

No Laminoria sp. were collected on QS panels in stations (t=0.24, p>0.82). .

1994 (Table 7-1), consistent with trends observed in
the 12-month MS or leg-term panels (Section 7.3.4).

,

7.3.4 One Year Panels

Seasonal panerns of abundana of dominant animals

on QS panels were examined in 1994. Mytilidae were Community development was also assessed by ;

|

not present during March but were present during the examining biomass, species richness and abundance

last three quarters, with percent frequencies between on surface panels exposed for one year. Year-end

60% and 85% at both stations (Figure 7-6). Seasonal biomass in 1994 was substantially lower than the

pattems in 1994 were similar to those observed during preoperational mean at both stations. The values were
,

the preoperational period. In 1994,Jassa marmorata similar to levels observed in 1990, which were the*

frequency of occunence was low throughout the year lowest observed to date (NAl 1991). Both stations

(less than 20%), first appearing in June at both stations showed a similar decrease. Mean year-end biomass
!I
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! 7.3.3 Ouarterly Sensential Panels and reaching a high in December at Station B19 and

September at Station B31. Frequencies in 1994 were'

| Quarterly sequential (QS) panels provide additional lower than the preoperational average at Station B19
"

information on growth and successional patterns of but consistent with the previous years at Station B31

development within the fouling community, and through (Figure 7 7). In 1994, Balanus sp. first appeared in

panel replication, allow assessment of within-station June with w.simately 90% frequency of occurrence !
.

variability. Comparisons can be made with the at both stations followed by a decline through the last !

i preoperational period by using the monthly preopera- quarter (Figure 7-7). Percent frequencies in 1994 were

tional mean from the MS panel program for those higher than those observed during the preoperational ;

months sampled in the QS program (Figure 7-7).' penod, Tubularia sp. was absent from panels at Station
;

| Quarterly biomass levels were used to assess patterns
B31, and was rare at Station B19, reaching a peak of [

ofcommunity development. Dunng 1994 biomass levels only 30% in December (Figure 7-7). Quarterly trends
i;

i were first measurable in June, incid to a peak in observed during the piwp.4ional period showed

September, then declined in December at both Stations average percent frequencies were less than 20%. [

: B19 and B31 (Figure 7-6), his seasonal' trend However, the quarterly sampling regime misses the i

paralleled those observed in ST panels (Figure 7-2) months where the preop.nional everage has been (
j

and MS panels. These programs showed an unusual highest (Figure 7 5). When present, all selected |
;

fall decline in 1994 in compenson to the preoperanonal dominant taxa showed high within-station variability
t

i period, which showed peak biomass in December in frequency of occurrence.

| (Figures 7 4,7-6). De annual average biomass in 1994

|
was similar to that observed for MS panels (Table 7-1). MytilidaespatandJassamarmorata measurements

! The nearfield and farfield biomass values were similar, from QS panels in 1994 were compared to detennine

also paralleling trends on the MS panels. Within-station if mean lengths differed between the nearfield/farfield
'

j variability was high, particularly during peak periods, station pair. Mytilidae annual mean lengths averaged

l.8 mm at Station B19 and 2.8 mm at Station B31'

The number of taxaon QS panels in 1994 averaged (Table 7-5). This difference was not significant (t=-
;

! 22 at Stations B19 and 16 and B31 (Table 7-1). He 0.55, p>0.61). Average lengths of J. marmorata

numbers of taxa on -QS panels were higher than those individuals colonizing QS panels averaged 2.6 mm at

on ST panels, a reflection ofincid exposure time. Station B31 and 2.7 mm at Station B19. There was
4

no significant difference in length between the two
;

j No Laminaria sp. were collected on QS panels in stations (t=0.24, p>0.82).

] 1994 (Table 7-1), consistent with trends observed in

j the 12-month MS or long-term panels (Section 7.3.4).

l 7.3.4 One Year Panels

|
Seasonal panems of abundance of dominant animals

on QS panels were examined in 1994. Mytilidae were Community deveispment was also assessed by
4

not present during March but were present during the examining biomass, species richness and abundance

j last three quarters, with percent frequencies between on surface panels exposed for one year. Year-end,

j 60% and 85% at both stations (Figure 7-6). Seasonal biomass in 1994 was substantially lower than the

! pattems in 1994 were similar to those observed during preoperational mean at both stations. The values were

the preoperational period. In 1994,Jassa marmorata similar to levels observed in 1990, which were the

frequency of occurrence was low throughout the year lowest observed to date (NAI 1991). Both stations

(less than 20%), first appearing in June at both stations showed a similar decrease. Mean year-end biomass'
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.

TABLE 7-5. NEARFIELD/FARFIELDCOMPARISON OF ANNUAL MEAN AND STANDARD
ERROR OF MYTILIDAE SPAT AND /ASSA MARMORATA LENGTHS (mm) FROM;

QUARTERLY SEQUENTIAL PANELS COLLECTED IN 1994.*

SEABROOK OPERATIONAL REPORT,1994.*

i |
'

i
,

! MYTILIDAE SPAT JASSA MARMORATA
'

.
MEAN LENGTH STANDARD MEAN LENGTH STANDARD

.

STATION (mm) ERROR (mm) ERROR ;
| -

.

B19 1.8 0.97 2.7 0.31
j

j ' B31 2.8 1.60 2.6 0.35 !

I
*

during the operational period was not significantly the 7 piwpelonal years (NAI 1991, 1992, 1993) !

,' different from the preoperanonal mean at both Stations and has not occurred during any operational year. i

B19 and B31 (Table 7-6). Laminaria sp. did occur during each preoperational

year at farfield Station B31. During 1994, Laminaria ;

! ;

The number of noncolonial taxa in 1994 was higher sp. did not occur at either of the mid-depth stations'

[ than the preoperational mean at Station B 19 and lower (Table 7-6). Differences between operational and j

than the preoperational mean at B31 (Table 7-6). The preoperational means were significant only at the
-

'

! operational mean was significantly greater than the farfield Station B31. ,

i piwgwional mean at Station B19, while there were
no significant differences between the preoperational *

| and operational means at Station B31. Numbers of 7.4 DISCUSSION ;
'

noncolonial taxa at both stations were substantially
lower than those in 1993 (NAI and NUS 1994), and The surface panels program was established to :

lower than the averages for the operational period document the temporal and spatial pattems in the
,

| (Table 7-6).
recrunment and development of the fouling community

and to monitor the effects of Seabrook Station's !

]
Non-colonial abundance in 1994 was less than both operation on the community. The characteristics of'

the preoperational and operatiord mean abundance Seabrook Station's thermal plume have been d== rad
4

| (Table 7-6). However, there were no significant from hydrothermal modeling studies (Teyssandier et <

differences between the preoperational and operational al.1974) and confirmed in recent field studies (Pad-

1 means at either station. Noncolonial abundance at the manabhan and Heckler 1991). Results from field

farfield station was substantially higher than at the studies generally confirmed initial model results, indi- i

nearfield stat on dunng the operational period, consistent cating that the d;scharge plume area was relatively small

with the trend observed during the prepaional under the conditions tested. For example, the isotherm

; period. of a surface temperature mcrease of 3'F (1.7'C) covered ,

a relatively small 32-acre area in the vicinity of the ;

Iamiana sp. blade counts on one-year panels have discharge area. Water temperatures were elevated at ,

been low during most years of this study. At nearfield most by 1-2*F (under the conditions tested) in the

Station B19, Laminaria sp. did not occur during 3 of approximcte area where panels are deployed.

7-18
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SURFACE PANELS

TABLE 7 6. DRY WEIGHT BIOMASS, NONCOLONIAL NUMBER OF TAXA,
ABUNDANCE, AND IAAfINARIA SP. COUNTS ON SURFACE
FOULING PANELS SUBMERGED FOR ONE YEAR AT STATIONS
B19 AND B31. MEAN AND STANDARD DEVIATION FOR THE
PREOPERATIONAL PERIOD (1982-1984 AND 1986-1989) AND
MEAN FOR 1994, AND THE OPERATIONAL PERIOD (1991-1994).
SEABROOK OPERATIONAL REPORT,1994.

PREOPERATIONAL_ OPERATIONAL

STATION MEAN S.D. 1994 MEAN

BIOMASS B19 661.5 476.88 103.4 798.3 NS

(g/ panel)
B31 708.9 523.86 67.6 523.1 NS

NUMBER OF NON- B19 21.3 4.42 27.0 31.3 *

COLONIAL TAXA
(Nolpanel) B31 25.9 4.60 15.0 31.3 NS

:

NONCOLONIAL B19 13,905.1 7,046.48 10,074.0 29,078.7 NS
,

ABUNDANCE
(No/ panel) B31 21,967.6 18,398.27 11,188.0 59,612.0 NS |

1

IAAENARIA SP." B19 24.3 36.91 0.0 0.0 NS
.

(Nolpanel)'

B31 39.3 29.24 0.0 5.8 *
,

* 01<ps.05 when preoperational and operational means tested for equality with a single sample r test (SAS
.

1985)
"not determined to species due to jovenile condition of most plants

'

|

|

)
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SURFACE PANELS

The community settling and developing on surface nearfield and farfield stations and began prior to the

panels has shown predictable seasonal patterns operation of Seabrook Station.

throughout the study, as evidenced by both measures

of community structure (biomass, abundance, and he quarterly sequential panel prop-n was initiatedi

number of taxa) and abundance or percent frequency in 1994 to better assess pattems of settlement and

of occurrence of dominant taxa. During 1994, development by providing information on within-station

; abundance and biomass varied seasonally on both ST variability. Given the varying exposure period (3,6,
'

and MS panels, and nearfield and farfield stations 9 and 12 months), the program parallels that of the

showed similar trends. Fall MS biomass in 1994 community development (1 12 month's exposure, MS)

showed an unusual decrease at both stations. In most program. The methodology used is similar to the MS

cases the operational means closely followed the program, relying on percent frequencies for dominant'

historical patterns established during the preoperanonal taxa. Quarterly biomass values were similar to those |
'

| period (Table 7-7), indicating that settlement and observed in the MS program in 1994, which was an

development of the local fouling community remains atypical year. He 1994 monthly MS and QS biomass

unaffected by the operation of Seabrook Station. levels showed an unusual fall decrease at both stations,

likely a result of weather related die-off. Selected :

The year-end values for parameters measured for species Mytilidae, Balanus sp. and Jassa marmorata ,

surface panels exposed for twelve months provide collected in the QS program showed similar seasonal j

information on long-term successional development pattems and frequencies to the MS program, as would ;

j of the fouling community and reflect cumulative effects be avW Tubularia sp. typically has an August

of biological processes such as recruitment, growth, peak that is not detected by the QS program. QS panel ,
,

and competition. One parameter showed a difference analyses demonstrate within-station variability was high ,
1

; during the operational period that was not consistent for all parameters, a factor which should be taken into
.

between the nearfield-farfield station pair (Table 7-7). account in interpretation of MS and ST results. ;
;

!This assessmentis complicated by the weather-related

loss of the nearfield mid-depth panel in 1992. The Overall, there is no conclusive evidence of an impact

mean number of non-colonial taxa was significantly to the local fouling community from the operation of,

;

higher at Station B19 (nearfield) during the operanonal Seabrook Station.

period. Although the number of taxa was higher at
the farfield station, this difference was not significant.

A similar trend was observed in 1993 (NAI and NUS
*

,

!
1994), where significant differences were noted at both

,

stations. His parameter will be monitored closely in<

the future. He algal species Laminaria sp. did not
~

appear in 1994 at any station, which appears to be a
continuation of a declining trend that began during the |
preoperanonal years (NAI 1991,1992, NAI 1993, NAI
and NUS 1994). However, the differences in abundance

of Laminaria during the operational period were
significant only at the mid-depth farfield Station B31.

Dere is no indication that this effect is due to Seabrook
Station operation, since the de"ae occurred at both

t
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TABLE 7 7. SUMMARY OF EVALUATION OF DISCHARGE PLUME EFFEC 18 ON THE
FOULING COMMUNITY IN VICINITY OF SEABROOK STATION.
SEABROOK OPERATIONAL REPORT,1994.

NEARFIELD-
FARFIELD

OPERATIONAL DIFFERENCES

DEPTH PERIOD SIMILAR TO CONSLSTENT WITH
b

COMMUNITY ZONE PARAMETER * PREVIOUS YEARS? PREVIOUS YEARS?

Fouling community: Mid-depth- Abundance- yes yes

Settlement * No. of taxa yes yes
,

Biomass yes yes

Fouling community: Mid-depth Biomass yes yes

Development-MS*

Fouling community: Mid-depth Abundance yes yes
NF:OP> Preop

No. of taxa no
Development- FF:OP= Preop
year end*

Biomass yes yes

Fouling community: Mid-depth Mytilidae yes yes
yes

Settlement *

Mid-depth Jassa marmorata yes yes

Mid-depth Tubularia sp. yes yes

* Abundance, number of taxa, biomass, total density, and frequency of occurrence evaluated using ANOVA, or

itest

47 = nearfield FF = farfield
' Settlement = short term panels; Development = MS panels; MS = Monthly sequential; year end = one year exposure

.
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SUMMARY

1

Epibenthic crustacea in the study area include the American lobster and rock and Jonah crabs, important
i l i h d gi.

invertebrate predators in the region. Imbster larvae have historically been relat ve y rare n t e stu y area, avera ng
less than 1 per 1000 square meters. The larvae, predominantly Stage IV, typically had peak abundances in July
and August. Larval abundance during the cr.4iorgi period was significantly greater than during the preoperational;

period at all three stations. Adult lobster catches (all sizes) were typically highest from August through November.
' A similar seasonal cycle was observed during the operational period, but catches showed a significant decline
that was most pronounced at the farfield station.The decrease is thought to be related to increased fishing pressure.!

j Catches of legal sized lobsters remained unchanged during the operational period. There was no evidence of
an effect from Seabrook Station operation.

Cancer crab larvae were most abundant in the study area from June through September. Average densities

during the operational period were not significantly different from the preoperational period at all three stations.
There were no significant differences in adult Jonah crab catches between the preoperational and operational

periods, or between stations. Adult rock crabs were less abundant than their congener, likely due to preference
for sandy substrate, which is less common in the study area than hard substrate. No differences in rock crab

,

catch were observed during the operational period in comparison to the preoperational period or between stations.
There was no evidence of an effect of Seabrook Station on local Jonah or rock crab populations.

:

,
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8.0 EPIBENTHIC CRUSTACEA the net mouth approximately 0.5 m below the surface.
2

The area sampled averaged about 3732 m (generally
2

8.1 INTRODUCTION ranging from 2874 to 4300 m ),

The objective of the epibenthic crustacea monitoring

program was to determine the monthly, spatial, and C-~ son. Larvae (Macramhkton)
annual trends in larval density and catch per unit effort

for the juvenile and adult stages of American lobster Cancer spp. larvae (C. borealis and C. irroratus)

(Homarus americanus Milne-Edwards 1837), Jonah and other macrozooplankton were sampled four times ,

!
crab (Cancer borealis Stimpson 1859), and rock crab per month from January through December. On each

(Cancer irroratus Say 1817). Analyses were done to date, four replicate (two paired-sequential) oblique tows

determine if the discharge from Seabrook Station had were made at night with 1-m diameter,0.505-mm mesh
'

any measurable effect on these species. The pla Jctonic
nets at the intake (P2), discharge (PS), and farfield (P7),

| larval stages of Cancer species may potentially be stations (Figure 8-1). Collections began in 1978 at

affected by entramment within the cooling system of Station P2 and in 1982 at Station P7. Collections at :

j ?Station P5 occurred from 1978-1981, July-December
the plant where mechanical damage or temperature'

|
increase may cause death or stress. Lobster larvae may 1986, and from 1987 to the present. No collections

be entrained in the buoyant discharge plume, which were made in 1985 at any station. The nets with
i

| may affect survival, successfulmolting, and settlement depressors were set off the stem and towed for 10

j to the bottom. The benthic (bottom dwelling) stages minutes while varying the boat speed, causing the net
'

of these crustaceans may be impinged at the intake to sink to approximately 2 m off the bottom and to'

or be subject to possible discharge effects such as rise to the surface at least twice during the tow. If {
nets became clogged due to plankton b!coms, towsincreased turbidity.,

were shortened to 6 minutes. The volume filtered was
>

determined with a General Oceanics* digital flowmeter. t
!

; 8.2 METHODS Upon retrieval, each net was thoroughly washed down
with filtered seawater and the contents preserved m ;

|
8.2.1 Field Methods 5-10% borax-buffered formalin. j

i

|
Lobster Larvae Menston)

Java =H= and Adults (Lobster Trans)'
6

$ To monitor the distribution of American lobster
larvae, neuston samples were collected once a week, American lobster, Jonah crab and rock crab were

during the day, from May through October along collected at the nearfield discharge station (L1) and

horseshoe-shaped tows appmximately 1/2 mile (800 a farfield station located off Rye Ledge (L7) (Figure
i

m) long on a side. These tows we:t centered at the 8-1). Collections began at Station L1 in 1975 and at |

intake (P2), discharge (PS), and farfield (P7) stations Station L7 in 1982. Fifteen 25.4 mm (1 in) mesh ,

!
(Figure 8-1). Collections began in 1978 at Station P2, expenmental lobster traps without escape vents were-

in 1982 at Station P7, and in 1988 at Station PS. retneved at twcxiay intervals, approxanately three times

| Collections were made with a 1-mm mesh net (1 m per week from June through November. Lobster cara-

deep x 2 m wide x 4.5 m long) fitted with a General pace lengths were recorded in the field in the following

Oceanics* flowmeter and a 40-Ib depressor. Thirty 12.7 mm (1/2 in) size classes:
:

minute surface tows were taken with the bottom of
i'

8-1 ;

i

l

1
*
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EPritENTHIC CRUSTACEA
,

:

Size Class Bagg spp. larvae were identified to developmental stage and

| (mm) (inches) enumerated (NAl 1991).

<54 <2-1/8 In the laboratory, juvenile and adult Cancer spp.
54-67 2-1/8 to 2-5/8

4 68-79 >2-5/8 to 3-1/8 were identified, enumerated and sexed, and the m p

80-92 >3-1/8 to 3 5/8 width was measured to the nearest millimeter. In
.

93-105 >3-5/8 to 4-1/8 addition, the number of egg-bearmg females was record- ,

'

; >105 >4-1/8 ed.
,

'
'

Lobsters in the 80-92 mm (>3-1/8 to 3-5/8 in) class
were classified in two groups separating the legal and

8.2.2 Analydcel Methods4'

sublegal lobsters based on de current State of New
Hampshire regulations. Beginning in 1990, lobsters An analysis of variance (SAS 1985) was used on

; measunng greater than 83 mm (3-1/4 in) nre classified log (x +1) transformed densities oflobster and Cancer,

- as legal. The total numbers of males, females, and egg- sPP. larvae to determine differences between the average ;
>

bearmg females were also recorded.
abundances for the operational (1991-1994) and recent i

preoperanonal (198g-1989, when all three stanons werei
sampled concurrently) periods at the nearfield, intake,
and farfield stations. NIonthly geometric means were i

' Inmingement Collections
calculated for lobster larvae and for Concer spp. larvae.

!

j See Seenon 5.22.4 for a dosu W ofimpingement The untransformed monthly arithmetic mean CPUE

collection procedures. (no. per 15 traps) was used forjuvenile and adult lob-
sters and crabs for the preoperational (1982-1989) and

.

operational (1991-1994) periods.
4

8.2.2 Laboratory Methods
A mixed model ANOVA developed by Northeast

:

In the laboratory, lobster larvae (neuston) samples Utilities, based on recent Irviews of the BACI model:

were rinsed through a 1-mm mesh sieve, and sorted. by Underwood (1994) and Stewart-Osten et al. (1986),
1

The live lobster larvae (Stages I-IV) were enumerated was used with all effects considered random, except'

and released into Hampton llarbor. Those samples operational status (Preop-Op). Time and location of

that were not processed the day ofcollection were pre- sampling of sampling were considered random factors

served in 6% formalin (NAI 1991).
because both sampling dates and selected locations

represented only a fraction of the possible times and
|

Cancer spp. larvae from macrozooplankton samples locations (Underwood 1994). Whenthe F-value wasi

were analyzed from three of the four tows (randomly significant for the interaction term (Preop-Op X i

selected) at each station for two of the four sampling Station), or class variable (Station, Preop Op), the least |
.

'

periods cach month (usually the first and third weeks). squares means procedure (SAS 1985) was ured to !

In the laboratory, each sample was split with a Folsom evaluate differences among least squares means with |

plankton splitter into fractions that provided counts a t-test at alpha s 0.05. |'

I

: of at least 30 individual Caecer spp. larvae. A
|maximum of 100 ml of settled plankton, generally 1/4

of die original sample volume, was analyzed. Cancer |
|

,

' '

g-3
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EPIBENTHIC CRUSTACEA'

3

| 8.3 RESULTS been least abundant. Stage I lobster predominated in

the majority of other studies, mainly from soutisem
.

8.3.1 American Lobster New England, as reviewed by Fogarty and Lawton

(1983). Stage IV lobsters, however, were most i
,

i *

Lobster Larvae numerous in some years in Cape Cod and Buzzards

I Bay, and Long Island Sound (Fogarty and Lawton

Annual mean densities in 1994 continued the trends 1983), as well as in collections from the coast of

observed in 1991 through 1993 (NAl 1992,1993; NAI southwestem Nova Scotia to New Hampshire (Harding
,

and NUS 1994). Lobster larvae densities during 1994 et al.1983). These Stage IV larvae, including those

were higher than preoperational (1988-1989) densities in the study area, are hypothesized to originate, at least
,

'

at each station, and lower than the operational (1990- in part, offshore in the warm waters of the southwestem

j 1994) densities at Stations P2 and PS (Table 8-1).
Gulf of Maine and Georges Bank (Harding et al.1983, |

Average larval A uW during the four-year operational Harding and Trites 1988).
-

period were significantly higher than the average ,

.

densities during the preoperational period (Table 8-2).

[ There were no significant differences among the three Total C-*A T -mi- and Subla-al-Sized-

stations during the 1988-1994 study period. The'

! interaction term (Preop-Op X Station) was not The 1994 total catch per unit effort (CPUE) for ;

significant, indicating increases between the preopera- lobster was lower than the average CPUE during both
|;

tional and operational periods were consistent among the preoperational (1982-89) and operational periods

stations. (1991-94) at both the nearfield (L1) and farfield (L7)'

stations (Table 8-1). Both stations showed a decline ;

Monthly trends in 1994 were similar to previous in the average catch between the preoperational and,

years (Figure 8-2). In 1994, high densities oflobster operational periods; however, continuing a trend
*

larvae occurred at the nearfield station in June, July observed in 1993 (NAI and NUS 1994), the operational

; and August, while low densities occurred in May, period decline was greater at the farfield station when

September and October. The timing of peak lobster compared to the nearfield station, resulting in a-

larvae abundance during the preoperational period was significant Preop-Op X Station interaction term (Table
g

! consistent with other studies in New England, indicating 8-2, Figure 8-3).

that peak abundances occur sometune from June through '

August (Fogarty and Lawton 1983; NUSCO 1995). In 1994, the monthly trend in total CPUE was similar

Other studies relate first appearance of lobster larvae to that observed during the preoperanonal peraf (Figure

with a surface temperature of 12.5*C (Harding et al. 8-2). The monthly total catch peaked in September

1983), which typically occurs in June or July in the and October, and was below the operatienal and ;-

study area (Section 2.0). preoperational averages for all months (Figure L2).
The monthly pattem during the operational period ;

The increases in density in 1994 and the operational (199l-94) was similar to the preoperational period, s

period, compared to the preoperational period, were but monthly operational averages were usually below |
due mainly to increases in Stage IV larvae, histor:cally preoperational averages (Figure 8-2). Monthly .

the most numerous of the four larval stages (Figure variations in lobster catch were due in part to regional i

8-2). Stage I larvae were the second-most abundant, . temperature changes. Warmer temperatures tend to ;

in 1994 and during the preoperational and operational increase the activity level of adults, in turn enhancing ;

period. Stage 11 and Stage III larvae have historically the likelihood of being caught (McLeese and Wilder

8-4

|
-
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TABLE 8-l. GEOMETRIC MEAN ABUNDANCE (LARVAE: L,OBSTER = NOJ1000 m*; CANCER SPP. = NOJ!000 m')
OR ARITHMETIC MEAN CATCII PER UNIT EFFORT (NOJ15 TRAPS) AND THE COEFFICIENT OF
VARIATION (CV,%) OF EPIBENTHIC CRUSTACEA AT NEARFIELD (P2, PS, L1) AND FARFIELD
(P7, L7) STATIONS DilRING THE PREOPERATIONAL AND OPERATIONAL PERIODS AND IN 1994.
SEABROOK OPERATIONAL REPORT.1994.

PREOPERATIONAL" 1994* OPERATIONAL *

SPECIES STATION MEAN CV MEAN MEAN CV

|, (Period sampled)

Lobster larvae P2 0.4 22.7 0.7 0.9 24.5
(May-Oct) PS 0.4 33.3 9.5 0.8 27.7

P7 0.6 28.0 1.5 1.2 22.6

Lobster t LI 70.7 20.4 52.4 56.7 13.8
l (Jun-Ndv)otal L7 87.2 16.9 52.4 56.7 7.3
!

Lobster l LI 6.0 29.6 2.7 2.4 13.5
(Jun-Ndy)egal L7 6.0 37.2 1.4 1.9 26.3

Lobster, female LI 39.0 19.4 29.8 31.0 15.5
9

(Jun-Nov) L7 47.2 17.0 30.1 30.9 9.7
i

m

Lobster, e LI 0.6 17.1 0.3 0.5 28.1
(Jun-Nov)gg-bearing L7 0.6 31.8 0.5 0.8 28.6

! Cancer son. larvae P2 9,532.4 5.2 4,174.1 13,154.7 9.6
9 8.1

13,634.3(May-Sept PS 5,063.9 5.6 3,502.6
,

,484.4 7.3P7 8,426.2 5.7 6,509.5'

Jonah crab, total LI 12.3 52.7 I l.4 13.3 19.9

(Jun-Nov) L7 9.4 31.4 2.1 6.0 54.0

Jonah crab, female Lf 9.5 50.6 8.8 9.5 15.5

(Jun-Nov) L7 6.7 30.1 1.1 3.8 66.3

Rock crab, total L1 2.4 78.9 1.1 3.4 75.0

| (Jun-Nov) L7 1.5 133.5 1.7 3.0 48.7

| Rock crab, female LI 0.5 i19.4 0.0 0.7 128.9

| (Jun-Nov) L7 0.3 148.7 0.2 0.7 130.8

'Preoperational: Lobster larvae from Sta. P2-1978-89; Sta. PS-1988-1989; Sta. P7-1982-89; Cancer spp. larvae
from Sta. P2-1978-84,1986-89; Sta. PS-1982-84 + Jul-Dec 1986 + 1987-89; Sta. P71982-84 + 1987-89; all others 1982-89.

*1994 mean; mean of the total number of samples collected during the period sampled.
' Operational: 1991-94, mean of annual means.
' Sampled year-round but abut dance computed for peak period (May - September).

,

. _ _ . _ _ _ . _ _ _ . _ . . _ . _ . _ _ . _ . _ . _ _ _ _ _ _ _ - . _ _ _ _ - . _ _ _ _ . _ _ - _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _
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TABLE 8-2. RESULTS OF ANALYSIS OF VARIANCE COMPARING DENSITIES OF LOBSTER AND CANCEA SPP. LARVAE
COLLECTED AT INTAKE, NEARFIELD, AND FARFIELD STATIONS, AND CATCIIES OF TOTAL AND
LEGAL-SIZED LOBSTERS,JONAll CRAB, AND ROCK CRAB AT TIIE NEARFIELD AND FARFIELD STATIONS.
SEABROOK OPERATIONAL REPORT,1994.

-

SOURCE OF
SPECIES VARIATION * dI MS P MULTIPLE COMPARISONS'

(ranked in decreasing order)

Lobster larvae Preop-Op i 1.92 8.64 * Op> Preop.

(May-Oct) Station 2 0.04 0.45 NS
Year (Preop-Op) 4 0.18 0.56 NS
Week (Year) I12 0.33 7.45 "
Preop-Op X Station 2 0.09 2.18 NS
Station X Year (Preop-Op) 8 0.04 0.96 NS
Error 260 0.04

Lobster Preop-Op i 132,110.13 4.12 NS
Station 1 24,% 2.66 1.10 NS

$ ((total catch)Jun-Nov) Year (Preop-Op) 10 16,430.19 0.57 NS
Month (Year) 59 26,026.61 34.02 * *'
Preop-Op X Station 1 21,742.02 5.31 * 7 Pre i Pre 7 Op 1 On

Station X Year (Preop-Op) 10 4,317.00 5.64 *"
Error 1451 764.95

Lobster Preop-Op I 4,448.17 12.71 * Op(Preop
(legal size) Station i 16.49 0.48 N3
(Jun-Nov) Year (Preon-Op) 10 366.45 2.84 *

Month (Year) 59 112.41 12.77 "
Preop-Op X Station 1 33.77 1.75 NS
Station X Year (Preop-Op) 10 19.91 2.08 *
Error 1451 9.58

Cancer spp. Preop-Op i 1.63 0.79 NS
larvac Station 2 0.61 3.13 NS
(May-Sep) Year (Preop-Op) 5 1.98 0.29 NS

Month (Year) 28 7.67 9.68 *"
Preop-Op X Station 2 0.19 0.14 NS
Station X Year (Preop-Op) 10 0.1 I l.80 NS
Error 158 0.79

(continnetl)

_ _ _ - _ _ _ _ _ - _ _ _ _-_ ___ _ _ -
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| TABLE 8-2. (Contimmed)

SOURCE OF ;

SPECIES VARIATION * df MS P MULTIPLE COMPARISONS *
(reaked la decreasing order)

|

| Jonah Crab Preop-Op I 352.98 0.15 NS

| (Jun-Nov) Station i 8,136.83 5.32 NS

;. Year (Preop-Op) 10 1,810.61 0.% NS

| Month (Year) 59 1,224.94 16.25 "
Preop-Op X Station I 1,495.22 1.95 NS

Station X Year (Preop-Op) 10 806.30 10.70 "
Error 1429 75.37

Rock Crab Preop-Op i 256.89 0.86 NS

(Jun-Nov) Station I 144.94 6.23 NS
,

in Year (Preop-Op) 10 376.13 2.24 *!

Month (Year) 59 107.% 6.29 * * ;

Preop-Op X Station 1 25.16 0.32 NS

i Station X Year (Preop-Op) 10 82.33 4.80 * * i

| Error 1428 17.17

;

' Preop-Op = Preoperational period (Lobster and Cancer spp. larvae, all stations: 1988,1989; Adult lobster
and crabs: 1982-1989); Operational period: 1991-94 regardless of station or month.

,

Station = Station differences (Lobster and Carcer spp. laivac: P2, PS, P7; all others: Discharge (LI) and Rye |

Ledge (L7)) regardless of year, month or period.
| Year (Preop-Op) = Year nested within preoperational and operational periods regardless of year, month

| or station.
i Week (Preop-Op X Year) or Month (Preop-Op X Year) = Week or month nested within interaction of Preop-Op and Year.

Preop-Op X Station = Interaction of main effects. ;

Station X Year (Preop-Op) = Interaction of station and year nested within preoperational and operational period.
*NS = Not significant (p>0.05)

* = Significant (0.052p>0.01)
** = liighly significant (0.012p>0.001)

"* = Very liighly Significant (0.0012p)
'Un Ierlining significs no significant differences (as;0.05) among least squares means with a paired

| t-test.

- _ _ - _ _ _ _ _ _ - _ . - -_ _ _ _ - _ .- _ _ _ _ _ _ . . . - . - . . . - . - - -- - - - . _ _ _ _ - _ _ _ _ _ _ _ _ ___
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1958, Dow 1969). In addition, temperature may affect in abundance. Catches (CPUE) during 1994 in the

seasonal lobster migrations (Campbell 1986). In New 80-92 mm size class, which includes both legal-sized

Hampshire, adult lobsters are thought to move inshore and sublegal-sized lobsters, were the highest since 1991,

in spring and summer and offshore in fall and winter and may be due to an increased standing stock oflegal
sized lobsters resulting from the recent increases in

(NHFG 1992).
the legal size limit.

Leral-sized Lobster in 1994, female lobster catch CPUE averaged 29.8
at the nearfield station, 57% of the total lobsters

During 1994, legal-sized lobsters were 5% of the collected (Table 8-1). Durmg the preoperational period,

average total catch at the nearfield station and 3% at the proportion of females was 55% at the nearfield

; the farfield station, slightly lower than the preopera- station. The proportion was similar at the farfield Rye

tional averages of 8% and 7%, respectively (Table 8-1). Ledge Station, both in 1994 (57 %) and during the

During the four-year operational period, the average preoperational period (54%). NHFG studies found

annual catch at both stations was significantly' lower that females were 52% of the total legal-sized popu-

than the % elonal average (Tables 8-1, 8-2). Here lation in the New Hampshire coastal area (Grout et

was no significant difference in CPUE between the al.1989).
nearfield and farfield stations, and the decrease between

the % gional and operational periods was consistent Egg-bearmg female lobsters represented a small

between stations resulting in no significant interaction component of the lobster population. In 1994, they

term. De monthly partem oflegal-sized lobster catches averaged 0.3 CPUE at the nearfield station, representing

in 1994 showed an October peak, similar to monthly 0.6% of the total catch. Catches of egg-bearmg females
-

pattems observed during the preoperational period at Rye Ledge were slightly higher and averaged 0.5
CPUE,1.0% of the total catch (Table 8-1). During(Figure 8-2).
the preoperational period, egg-bearing females

Catches of legal-sized lobsters were affected by composed 0.8% of the total catch at the nearfield

fisheries regulations and enviromnental factors such station, and 0.7% at the farfield station. NHFG studies

as water temperature. The legal-size limit for lobsters (Grout et al.1989) found that 0.4% of 911 lobsters
was increased in 1984,1989, and in 1990, and is examined during lobster surveys of New Hampshire

currently defined as a carapace length of 83 mm (3-1/4 coastal waters from 1983 1985 were egg-bearing.

in). Each increase in the legal size proportionally
reduced the catch of legal-sized lobsters (Figure 8-4).

Imnineement

Siae Class and Sex Distribution In 1994,31 lobster were impinged in the plant's
cooling water system. One lobster was impinged in

ne majority of lobsters collected at the nearfield 1993, six lobsters were impinged in 1992, 29 were

station in 1994 were in the 68-79 mm (2-5/8 - 3-1/8 impinged in 1991 and four in 1990 (NAI 1993). Of

in) carapace length size class, as was true in previous the 29 impinged in 1991,19 were found in November

years beginning in 1980 (Figure 8-4). Lobsters following a severe northeastem storm.

measuring 80-92 mm (2-6/8 - 3 1/8 in) mnked second
in abundance in 1994, as opposed to most years when

the 54-67 mm (1-1/8 - 2-5/8) size class was second

8-10
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!

! 8.3.2 h==k and Rock Crabs stations, respectively. Dunng the pr+.donal period ,

the proportion has varied from year to year, and aver- |

aged 77% and 72% at the near- and farfield stations,Larvae
respectively (Table 8-1). Rock crab catches were less ,

Cancerspp. (Cancerborealis and Cancerirroratus) abundant than Jonah crab in the study area (Table 8- 1 ),

larvae had lower peak period abundances in 1994 than probably a result of this species' preference for sandy ;

during the preoperational period at all three stations habitat rather than the cobble-rock that predominates |'

(Table 8-1). During the four-year operational period, in the study area (Jefferies 1966) as well as intra-spe-

the average density was higher than the preoperational cific competition (Richards et al.1983).
!

average at each station, both the increase was not -

significant (Tables 8-1, 8-2). Since the increase In 1994, rock crab (Cancer irroratus) CPUE at se ,

occurred at both the nearfield and farfield stations,it nearfield and farfield stations decreased from the high (
reflects an area-wide increase and is not due to plant catches observed in 1992 and 1993 (NAI 1993; NAI |

operation. De seasonal trend of occurrence at nearfield
and NUS 1994) and were below the preoperational

Station P2 in 1994 ar.d for the average operational averages (Table 8-1). In 1994 CPUE of rock crab

- period was similar to preoperational years. Densities peaked in August, similar to the psim.donal period

were low from January through April, peaked from (Figure 8-5). Dunng the operational period average

May or June through September, then decreased from CPUE was highest in June, and generally declined in

October through December (Figure 8-5). subsequent months. There were no significant i

differences in CPUE between the preoperational and

operational penods, or between the nearfield and farfield

Total Catch: Juv..n== and Admits stations (Table 8-2). The differences between the
preoperational and operational periods were consistent

The 1994 mean CPUE for Jonah crab (Cancer
at both stations, thus the interaction term was not

borealis) at both nearfield and farfield stations were significant.

lower than both the preoperational and operational

averages (Table 8-1). Highest catches in 1994 at the Female rock crab CPUE decreased in 1994 to levels ,

nearfield stanon occurred in September and were above that were lower than operational and preoperational 3
'

preoperational monthly means for September and means at both stations. No female rock crabs were

October (Figure 8-5). caught at the nearfield station in 1994. Female rock
crabs composed approximately 20% of the average

There were no significant differences in mean CPUE total catch at each station during the preoperational

of Jonah crab between the preoperational and period. De proportion increased slightly to 21-23%

operational periods (Table 8-2). Similarly there were at each station during the operational period (Table

no significant differences in mean CPUE between the 8-1).

nearfield and farfield stations. Trends in CPUE between

the preoperanonal and operational periods were similar
at both the nearfield and farfield stations, and the 8.4 DISCUSSION

interaction term was not significant.
8.4.1 American Imbyter

- Trends in female Jonah crab CPUE paralleled those

of total catch. Female crab catches in 1994 were 77% Newly-hatched larvae require a sea water temperature

and 52% of the total catches at the nearfield and farfield above 10*C (50'F) to survive (Mariano 1993). Lan ae
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OpersionalReport,1994.
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spend roughly one month in the water column, molting Stage IV larvae (Harding et al.1982, Harding et al.
<

three times before they settle to the bottom. The 1983), others have failed to demonstrate this relationship i

frequency of molting and growth rate may increase (Fogarty and Idoine 1986). Recent research indicates

with temperature (Mariano 1993). that successful benthic recruitment of larval lobsters

! is affected more by the availability of suitable habitat ,

Lobster larvae have traditionally been thought of for the early benthic phase lobsters than by larval

as strictly neustonic, although recent research suggests abundance (Wahle and Steneck 1991).

that they migrate vertically in waters above the;

thermocline (Harding et al.1987, Boudreau et al.1991). Lobster larvae have historically been relatively rare .'
2,

Lobster larvae could be exposed to the discharge plume, in the study area, averaging less than 1 per 1000 m ,

which may influence larval survival, molting and Average lobster larvae density during the operational'

nw=<ful bottom settlement of Stage IV lobster. Juve- period was significantly higher than the preoperational -

'
3

nile lobsters in the study area are recruited from Stage average and between period trends in density among .

IV larvae (the stage prior to benthic settlement), some stations were consistent (Table 8-3). Thus, the |
,

of which are believed to origmate offshore from' waters operation of Seabrook Station did not appear to affect'

of the southwest Gulf of Maine and Georges Bank lobster larvae densities. Densities of both Stage I and

! (Harding et al.1983). Although the level ofjuvenile Stage IV larvae increased during the operational period.

recruitment has been correlated with abundances of These densityincreases, particularly for Stage I larvae,

P

J

TABLE 8-3. SUMMARY OF POTENTIAL PLANT EFFECTS ON ABUNDANCE OF'

I EPIBENTHIC CRUSTACEA. SEABROOK OPERATIONAL REPORT,1994.

OPERATIONAL PERIOD DIFFERENCES BETWEEN
: SIMILAR TO PREOPERATIONAL AND OPERA-

PARAMETER PREOPERATIONAL TIONAL PERIODS CONSISTENT
+ 6
; MEASURED PERIOD * AMONG STATIONS

i Lobster: Op> Preop Yes

Lanae

i Lobster: Yes nearfield: Op< Preop

j Total Catch farfield: Op< Preop

!
greatest decline at farfield

f Lobster: Op< Preop Yes

Legal-Sized Catch

Cancer spp.: Yes Yes

Larvae |

Jonah Crab: Yes Yes j

Total Catch i

Rock Crab: Yes Yes |

Total Catch j
1

* based on Preop-Op term of ANOVA model (Table 8-2)
bbased on the interaction term (Preop-Op X Station) of the ANOVA model !

2 and multiple comparison test at a s0.05 (Table 8-2) |
l

,
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5 may be related to the increase in the percentage ofegg- in the preoperational period (Section 2.0). Thus, the

bearing females in the operational period (Table 8-1,
decrease in CPUE of lobsters cannot be totally ex-

| Figure 8-2). Distribution of Stage I larvae has been plained by a decrease in bottom water temperatures,
,

j linked to brood stock distribution in Jaddore Harbor, The decrease is probably not due to the operation of

Nova Scotia (Dibacco and Pringle 1992). Regional Seabrook Station because the decline occurred at both

fishing regulations have ir. creased protection of the stations; furthermore, the greatest decline was at the

i lobster population over the past decade, prohibiting
farfield station. In addition a mgional decline was also

harvest ofegg-bearing females and V-notched females observed (NOAA 1993).
.

(markedwhileegg bearing). Alsotheminimumlegal*

|
size has been increased three times during the study The area-wide decline in total lobster CPUE observed

|
period (1975-94). Even so, most females that are legal- in this study coincides with a regional decline. NOAA

i sized (minimum carapace width of 83 mm) have not (1993) changed the status of the entire inshore / offshore

attained sexual maturity (90-100 mm in the Gulf of population of lobster throughout its range, Gulf of'

Maine, NH Fish and Game 1974, Mariano 1993). Maine (71% of landings) through the mid-Atlantic,

Despite this fact, these regulations may have contributed from " fully exploited" (NOAA 1992) to "over-
,

4

to the slight increase in the proportion of egg-bearmg exploited." Intense commercial fishing may in part
+

i females during the operational period and resulted in account for the significant decline in total lobster catch

|
increased numbers of larvae, especially Stage I. atboth stationsduring the operational period. In 1992,

the NOAA Autumn Survey Index (kg per trawl tow)
i

Bottom dwellingjuvenile and adult lobsters would decreased, as did the commercial landings. In mipwe

.

most likely be susceptible to the potential effects of to the recent increases in legal-size limits, fishermen

plant operation due to changes in their food sources
have increased the number of pots fished inshore, as'

| that might result from the effects ofincreased detritus well as the areas fished (NOAA 1993). Inshore
,

|-
and turbidity around the discharge area. Temperature landings decreased by 13% between 1991 and 1992

can also affect lobster activity, likelihood of capture, (NOAA 1993), in spite of increased effort. NHFG!

| and migratory behavior (Dow 1969, Campbell 1986). (1993) also reported an overall decrease in the

However, changes in bottom temperature resultmg from abundance oflobster sampled with lobster traps between
;

Seabrook Station are unlikely because of the design 1992 and 1993 along the New Hampshire coast within

of the discharge diffuser and the buoyancy of the three miles of shore. In 1994, NHFG (1995) reported;

j discharge plume. a slight increase in lobster CPUE along coastal New

Hampshire.

! Average total lobster CFUE at the farfield station

| decreased more than CPUE at the nearfield station In Maine, newly recruited legal-sized lobsters are

between the preoperational and operational periods almost completely harvested within a year (Fogarty

resulting in a significant interaction term (Table 8-3, 1988). Historically, in this study, percentages oflegal-

Figure 8-3). This differing trend in CPUE between sized lobsters have decreased with each increase in
:

stations was also observed in 1993 (NAI and NUS the legal-size limit, as would be expected. Hence,
.

1994). Decreases in lobster landings have been operational catches of legal-sized lobsters were lower

,

correlated with temperature decreases in the current than preoperational catches, with similar decreases at

| year and after a six-year lag period (Fogarty 1988; nearfield and farfield stations (Table 8-3). Proportions

Campbell et al.1991). However, bottom water of female lobsters in 1994 were also consistent with
;

temperatures during the operational penod were previous years. The proportion of egg-bearing lobstersL

significantly higher than bottom water temperatures decreased slightly (Table 8-1).'

8-15
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Impingement of lobsters in the cooling water system yield relationships. Can. J. Fish. Aquat. Sci.

was not expected because of the off-bottom intake 48:2073-2082."

location. A total of 71 lobsters were impinged during

| the operational period (1990-94); nearly 27% (19) were Dibacco, C. and J.D. Pringle. 1992. Larval lobster

| sub-legal sized lobsters impinged after a severe nonh- (Romarus americanus, H. Milne Edwards,1837)

caster in November,1991. This level ofimpingement distribution in a protected ' cotian Shelf bay. J.S
;

j does not pose a threat to the local lobster population. Shell. Res. II(l):81-84.

1

Dow, R. 1969. Cyclic and geographic trends in :

. 8.4.2 Je=ah and Rock Crsbs seawater temperature and abundance of American

lobster. Science 164:1060-1063.
,,

,

Cancer spp. larvae abundance was not significantly

different between the preoperational and operational Fogarty, M.J.1988. Time ceries models of the Maine

periods at each of the three stations (Table 8-1). lobster fishery: the effect of temperature. Can. J.

Annual abundances were higher in 1991 through 1993 Fish. Aquat. Sci. 45:1145-1153.

than in 1994 (NAI 1992,1993; NAI and NUS 1994).

The changes indicate an area-wide trend that is Fogarty, M.J., and J.S. Idoine. 1986. Recruitment

i unrelated to plant operation. dynamics in an American lobster (Homarus
americanus) population. Can. J. Fish. Aquat. Sci.

,

Jonah and rock crabs are taken incidentally in lobster 43:2368-2376.

traps and could be subject to the same potential for'

impact as lobsters There were no significant Fogany, M.J., and R. Lawton. 1983. An overview

differences in CPUE between the preoperational and of larval American lobster Homarus americanus,
-

operational periods, or between stations for Jonah and sampling programs in New England during 1974-70.

rock crabs (Table 8-3), and no indication of impact pp 9-14. Lr1. M.J. Fogarty (ed.) Distribution and

i due to the operation of Seabrook Station (Table 8-3). Relative Abundance of American Lobster, Romams

americanur, Larvae: New England Investigations
| During 1974-79, NOAA Tech. Rep. NMFS SSRF-
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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 pattems 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 besm, which collected rainwater from the plant site as well. He combined
flows from these two facilities subsequently discharged to the Browns River. In April 1994, the sewagetreatment

'
,

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 dominanttaxa in intertidal;

and subtidal communities were largely controlled by the physical environment, and the most numerous species

were those that tolerated fluctuanng water temperature and salinity and changing sedimentary conditions. Macrofaunal

species composition 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 Streblospio benedicti, Capitella capitata, and Hediste diversicolor and oligochaetes;
all these organisms are classified as oppommists 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, suggestmg that the absence of the settling basin effluent has not adversely

impacted the indigenous benthic community. He 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 benedicii and i

l

Hediste diversicolor is.M relative to 1993. Densities ofH. diversicolorand S. benedicti in 1994 were within
the range ofprevious years. Results of ANOVA tests did not show 1994 to be significantly different from previous
years at any station for any variable. In May 1995, monitoring of the estuarine benthos in the Browns River
and Hampton Harbor was discontinued. The discontinuance of this program had been previously authorizedI

| by the EPA and the State of New Hampshire in May 1993, following a year of monitoring after discharges to

|
the Browns River were terminated. This section is the fmal "Estuarme Studies Report" to be provided as part

of the Seabrook Station Environmental Studies Program.'

l
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9.0 ESTUARINE STUDIES 1980b). Once the tunnels were completed in 1983,*

the volume ofwater discharged from the settling basin
~

9,1 INTRODUCTION diminished and has had no saline component. In April

1994 the discharge was diverted to the open ccean via ;'

Environmental studies conducted in the Hampton- the cooling water discharge tunnel. ;

Seabrook estuary since 1978 have included monitoring;

of physical parameters (temperature and salinity), fish The objectives of the estuarine benthos studies are?

I populations, benthic macrofauna, andjuvenile and adult toch hu theabundanceandspeciescomposition

soft-shelled clams (Mya arenaria). ~ Long-term data of macrofaunal communities in the Hampton Harbor ;

; are needed to distinguish impacts of human activities estuary, to identify spatial and temporal pattems in

j on marine environments from the inherent variability community structure and abundance, and to assess ;

I
: of estuanne systems (Holland 1985; Nichols 1985; whether observed changes are related to the construction

| Holland et al.1987; Warwick 1988; Rees and and operation of Seabrook Station. One of the main
i Elef4heriou 1989). Impact assessments,in general, environmental issues in the Hampton-Seabrook estuary

arc often difficult because ofour lack of understanding related to plant operation was whether the offshorei

of how physical and biological factors contml the intake and discharge could impact the adult soft-shell .

';

I structure and ftmetion of benthic communities (Diaz clam population in Hampton Harbor. The specific
'

j and Schaffner 1990). To aid in our understanding, impact from entramment of Mya larvas is discussed

: a time series of data have been collected since 1978 in the 1994 Seabrook Operational Report. Estuanne

| at sites potennally affected by Seabrook Station monitoring effbrts in 1994 were pnmarily directed to ;

~

(nearfield), and at sites in the estuary beyond power idenufy potential effects from the removal of settling

plant influence (farfield). basin discharge.

!

The discharge of effluent from the power plant's t'

sewage treatment plant and settling basin into the 9.2 METHODS |"

Browns River had the potential to be a measurable1

.

impact on the estuarine benthic communities in the 9.2.1 FIELD AND LABORATORY :

;

| Hampton-Seabrook estuary. The sewage treatment plant '

effluent discharged into the settling basin, which Surface temperature (OC) and salinity (ppt) were

collected rainwater from the plant site as well. The measured weekly during slack water at high and low
;

combined flows from these two facilities subsequently tide at the Browns River Station (BR) from May 1979'

discharged to the Browns River. Dunng the construc- through May 1995 and Hampton Harbor Station from

tion of the SA~k maake and dki p tunnels (1979- May 1979 through December 1994 (HH; Figure 9-1).
.

-f
1983), the outfall became more saline due to sw ...g Precipianon was . 14 contmuously at the Seabrook'

i of the tunnels, and volume of the discharge increased Sanon memorologxas temer from 19801994 (excluding

greedy. The effluent also contamed higher than average 19g4-1986). ;

levels of organic material, nutrients (nitrate, nitrite,
and phosphate) and suspended solids, which consisted Benthic macrofaunal sampi'mg stanons were located

) mainly of granite rock flour from tunnel drilling (NA! at Browns River (nearfield), just downstream from the

1980s 1981). Bionssays using undiluted effluent from settling basin outfall and Mill Creek (farfield), a tidal'

the settling basin indicated that such effluent adversely creek located southeast of the outfall (Figure 9-1). .

; affected sand shrimp (Crangon septemspinosa), but Macrofaunal samples have been collected in subtidal |
'

}
not soft. shelled clams (Mya arenaria: NAI 1979, (Browns River Station 3, Mill Creek Station 9) and

,

9-1
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Figure 9-1. Hampton-Seabrook estuary temperature / salinity and benthos sampling stadons. Seabrook
'

Operational Report,1994.

|
i

intertidal areas at mean low water (Browns River Station seasonal densities. 'Ibe number of taxa in each season'

3MLW, Mill Creek 9MLW) in May, August, and was computed by pooling all five samples collected

November since 1978 (excluding 1985, when sampling by the divers; the three seasonal values (May, August,

was yded). SCUBA divers collected five samples
November) were averaged to calculate the annual mean.

(25 cm x 10.2 cm deep) using an airlift system fitted A one way ANOVA was used to test for differences |

with a 0.79 mm mesh bag. In the laboratory, all among years in total macrofaunal density, number of'

samples were washed through a 1.0 mm mesh sieve, taxa, and density of individual dominant taxa. j

preserved in 6% buffered formalin and sorted under Significant differences (c 50.05) between years were .

dissecting microscopes. All non-colonial organisms evaluated using the Waller-Duncan k-ratio t-test (S AS |
were identified to the lowest possible taxon and counted Institute Inc.1988).

(NAI 1990).

9.3 RESULTS AND DISCUSSION

9.2.2 ANALYTICAL METHODS
9.3.1 PHYSICAL ENVIRONMENT

Weekly measurements of surface water salinity and

temperature were averaged by month, and pattems of Salinity, Temoerature. and Precioitation j

monthly and annual means were examined. Annual

mean densities (Nolm ) of the total number of Monthly averages of surface water salinity and2

individuals and of dominant macrofaunal taxa were temperature at high and low slack tides in Browns River |

computed by averaging the log 10 (x-1) transformed and Hampton Harbor were used to examine seasonal |
|
|

9-1
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and annual pattems of these parameters in the Hampton- the low and high tide salinities in Hampton Harbor

Seabrook estuary. Monthly and annual patterns of were within the 95% CL of the mean for the 15-year

precipitation were investigated using rainfan data time series.
'

collected at the Seabrook Station meteorological tower.

The mean monthly salinity at low tide in Browns River Mean monthly temperatures at Browns River at low

during 1994 ranged from 7.7 ppt in March to 29.6 ppt tide during 1994 were not recorded from January

in July. During the first five months of 1995, salinity through March, but reached 24.3'C in July. During

was similar to 1994, except for February when salinity the first five months of 1995, water temperature at low

was higher. The pattems observed in 1994 and 1995 tide at Browns River ranged from 2.8'C in February

were similar to long-term averages, whm monthly to 10.0 *C in May. The temperature at Hampton

salinities were consistently lowest in spring and highest Harbor in 1994 ranged from 0.6*C in January to 20.I'C

in summer (Figure 9-2, Appendix Table 9-2). In in August (Figure 9-3). In contrast to salinity, water

Browns River, the long-term average salinity was lowest temperatures were higher at low tide compared to high

in AprilandNovember. Meanmonthlyprecipitation tide. Annual mean temperatures during 1994 were

at Seabrook Station during 1994 was highest in 9.8'C during low tide, and 9.1*C during high tide at

September (6.4 inches) and March (6.1 inches) (Figure Hampton Harbor (Table 9-1). At both sites during

9-2). Concunectly, the monthly salinity values in 1994 and 1995, the partem of monthly mean water

March wm below average in both Browns River and temperatures at high and low tides were similar to the

Hampton Harbor. However, in September the salinity historical monthly means, but a few individual months

values were average or above average at both stations, were outside of the 95% confidence limits. ,

in spite of the high precipitation. In October 1994, |
when precipitation was well below average, salinity When the two sites were compared, the ranges of 1

values were above average in both Browns River and water temperatures and salinities were consistently larger |
Hampton Harbor. Total annual precipitation during at Browns River than at Hampton Harbor during low

01

| 1994 was 42.2 inches, which was within the range of tide. Overallyears,watertemperature averaged i1.4 C
0

| annual precipitation values wpi.d since 1980 (28.7 during low tide at Brown: River, and 10.0 C at

! to 46.3 in). Hampton Harbor (Table 9-1). Conversely, the overall
salinity at Browns River during low tide (21.3 ppt) j

1

Saliniths at both Browns River and Hampton Harbor was considerably lower than at Hampton Harbor (27.6
|
! were consistently lower at low tide than at high tide. ppt; Table 9-1). Both penems resulted from the relative

! During 1994, the mean salinities were 20.6 ppt and position of the sampling stations in the estuary, i.e., 1

! 27.8 ppt during low tide, and 28.7 ppt and 30.9 ppt Browns River is located farther up the estuary, and |
|

during high tide at Browns River and Hampton Harbor, more influenced by freshwater runoff, while Hampton
; 1

respectively (Table 91). At each site in 1994, the Harbor is nearer the mouth of the estuary, and more!

| annual average salinities during both tidal stages were influenced by mixing with water from Gulf of Maine.

|
within the ranges of values sph,d since 1980.
Relatively high salinities observed from 1980-1982:

were attributed to a combination of dry years and 9.3.2 MACROFAUNA

dewatering of the intake and discharge tunnels during
Seabrook Station consnuction, whereas the relatively The general macrobenthic community stmeture at

high values in 1993 (particularly at low tide) were both nearfield (Browns River 3 and 3MLW) and farfield

attributed to the unusually dry summer. The 1994 (Mill Creek 9 and 9MLW) stations in the vicinity of

annual mean low tide salinity in Browns River and Seabrook Station were typical for East Coast estuarine

9-3

-. . . _ _ _ _ _ - _ _ ______ _ - _ _ _ _ _ _ _ _ - _ _ - - _



__ _ . _ _ _ . . _ _ _ . ___ _ _. . _ . _ _ . _ . _ _ _.. -_ _

!

Seabrook Stad:n ,.

7. o.ums m
!

.. ,., ,e........ 19 ,4 ..

,- . .

a .
s, ,.-; .,s. ;..~, ,, , ',

.~, j X ,-' .'s, ' , ' '.| <-
- --

yf..

I1
a -- .

,1 q ,
. ,< , -,

, ,o

Y
s-

.. K.
,

, ,.
:

. ,- s,., ,- -i ..
<1...-- - ,-

g 2- ..

f
. ,

, ',

. - . ,,w
.a. g

<.

o . . > > > > . . . . . .

2Ax ran ma m my a ns. 400 ser , ocr mw esc
J

; MONTE

| Browns River Gow tide)-
'

.

33 - ovent Mams
1,94 a- ....... ,

so - i,,5 ,,,.....,...-y----...,4 ._. .

j , ,.-

)3 . < ,, ., n ,,z,..
. ,, T ' q7. , 7- A

, ,

x- ..;g =-i / .- , .

,1z ts . 1-
4 ,

"
: 2 .

i g 50 - . . . . . . , ',

.

s-.
~

4 o- . . . . . , . . . . . i

: 1Ax rus MAa Ann Ma m xx. Aus sur ocr Nov mc

MoNrs
..,

i

Hampton Harbor Gow tide)
,

4

35 -

_,,.. ,, ,........- :
.....

..
'

:So - .
_ ..,_ - '-e.

1 u. * -T. ' . . _ 'x'-
-

~-

| - ..

b
~

5 ts .;4

is . owed Mme
; =

s- 1,,........

. . . . . . . . . . . .o

IAN Ps3 MAa AFR MAY a R2. AUG Sur oc! Nov rac'

MONM
4

* Monthly asens ass esasuy an average of weekly messerumsas however.in
Pehrsary and May 1994 one oss of four weeks was sampled. is March 1994
two oss alive weeks were sangled (Appensa Tabis 14 4 in NAI 1994.)

Figure 9-2. Monthly means and 95% conSdence limits for precipitation measured at Serbrook
Station from 1980-1994 (erk'dME 1984-10f.,6) and surface salinity Inessured atlow

~ tide in Browns River and map Harbor frLin May 1979-December 1994 and monthly,

means in 1994 and 1995 (Browns River only). Seabrook Operadonal Report.1994.

94

,

4

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - - _ _ - - - - - - - -



I

:
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TABLE 9-1. 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 19801994. SEABROOKOPERATIONAL
REPORT 1994.

SALINITY (ppe)
BROWNS RIVER HAMFTON HARBOR

LOW TIDE HIGH TfDE LOW TfDE HIGH TfDE

1980 25.121.9 31.0 * 1.6 29.9 e 1.4 32.020.5
'

1981 25.521.6 30.0 t 1.7 28.9 e 1.1 31.5 = 0.4

1982 22.821.8 30.021.2 273 1 1.5 31.2 0.6

1983 19.423.6 28.0 t 1.9 25.522.4 30.1 't 0.9

1984 18.1 t 3.3 28.421.8 25.8 e 23 30.2 0.9'

1985 21.7 2.1 30.620.7 29.1 e 1.0 32.2203

1986 20.423.1 30.2 0.9 27.7 * 13 31.5 0.4

1987* 20.622.6 28.9 t 1.8 27.522.2 30.7 0.9

1988 20.522.2 29.820.7 27.811.0 31.3 0.4

1989 20.222.5 30.020.7 28.0 t 1.2 31.420.7

1990' 19.5 t 2.7 29.6214 27.2 1.2 31320.6

1991 19.411.9 29.6213 28.020.9 30.9 t 0.4

1992 21.9 t 1.5 29.6 0.8 27.2 i 1.6 29.4 1.6 +

1993 23.612.1 29.121.1 27.021.8 29.6 e 1.1

1994 20.625.0* 28.7 3.5 27.8 1.9 30.9 ! 0.8

ALL 213 0.7 29.6 * 0.4 27.620.4 31.0 0.2b

TEMPERATURE

BROWNS RIVER HAMPTON HARBOR

LOW TIDE HIGH TIDE LOW TIDE HIGH TIDE

f 1980 10.925.2 9.624.4 9.624.4 9.1 2 3.6

; 1981 10.6 4.4 10324.6 10,1 4.4 9323.8

| 1982 10.724.5 9.924.2 10.224.1 9.2 e 3.5

j 1983 11.9 * 5.0 11.024.2 10.4243 9.9 t 3.4

i 1984 11.9 i 5.1 10.6 23.9 10.424.1 9.413.1

| 1985 I1325.0 10.124.4 10.624.2 10.1233

: 1986 103 t 4.8 9.6 4.0 10.023.9 9.4 3.0

1987' 11.525.1 9.624.1 10.0243 8.9 3.5 |

1988 10.625.1 10.314.0 9.7 3.9 9.2 3.3 j

1989 IIJ t 5.4 10.123.9 10.224.4 9.2233 1

| 1990' 12.6253 10.924.5 103 2 43 9.723.6,

;

1991 12.425.0 11.724.1 11.1 2 4.0 9.823.1

1992 11.7 i 5.2 11.1 2 3.7 9.124.0 8.6 e 2.9'

1993 12.125.9 10/ t 3.8 9.5 * 4.4 8.723.5
d 9.8 4.6 9.123.7d NC' 1994 NC

ALL' 11.4 e 1.2* 10.421.0' 10.0 t 0.9 93 0.8
;

i

' Annual mean is the mean of monthly means, except for Browns "All years mean is the mean of monthly means.

River in 1987 and 1990 when Jan and Feb monthly means were 'No dam 9am January,1994

estimated by using the overall years mean for Jan and Feb hom Annual means not reported when two or more months of datad
.

1980-1990,. are absent.
,
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'

areas with fine-grained sediments (Watling 1975; and 9MLW) averaged 30 and 33, respectively (Table
i

McCall 1977; Whitlatch 1977; Santos and Simon 1980; 9-2). Mean numbers of taxa at all sites during 1994

Whitlatch and Zajac 1985). Sediments at subtidal were within the range for the 16-year time series (Table

stations were generally fine sand with organic carbon 9-2). Results of ANOVAs indicated significant ;

ranging from 1.0 to 2.7%; at intertidal stations the variation in the annual mean number of taxa collected ;
'

sediments usually varied between fine sand and silt at all sites except nearfield subtidal (Table 9-3).

with organic carbon ranging from 1.6 to 5.9% (NAI Number of taxa was among the highest observed at |
;

1985). Wide temporal and spatial fluctuations were the intertidal stations and similar to years with

observed in the total density of macrofauna inhabiting intermediate and low numbers of taxa at the farfield
'

the soft-bottom habitats of the Hampton-Seabrook subtidal station. Annual values for mean number of '

estuary. Species abundance and dominance in the taxa followed a pattern similar to that observed for

estuary are generally controlled by the physical total density. Mean numbers of taxa were highest .

!

environment, and the most numerous species are those during 1980-1982, when salinity and settling basin

that tolerate fluctuating water temperature and salinity discharge were also highest. ,

i-

and a changing sedimentary environment (Flint 1985;

Diaz and Schaffner 1990). Streblospio benedicri, a small deposit-feeding [

polychaete, is widespread on the westem and eastern

Total mean macrofaunal density averaged 4,961 coasts ofNorth America and in Europe. ChmMed

individuals /m at alisitescombined during l994,and as an oppommist (Grassie and Grassle 1974), I |2

was within the range of densities reported since 1978 benedictf is able to rspuily colorums pc tsi estuarme ;

(995-8,424/m ; Table 9-2). More organisms were environments, and high abundance of this species has2

collecend durmg lP94 at the intemdal stations (nearfiefd: also been suggested as an indicator of organic :
!

8,452/m ; farfief.d: 5,281/m ) than were collected at ero.: sa (Wass 1967). This polychame was the most2 2

subtidal, stations (nearfield: 4,931/m ; farfield: abundant species in the Hampton-Seabrook estuary2
;

2,760/m', Table 9-2). At the nearfield Bmwns River and accounted for 7% of the total faunal density at

intertidal station, total density was the highest ever subtidal and 16% at intertidal stations over the 16-year i

recorded (8,452/m ), continuing the trend of above study period. During 1994, densities of 5. benedicti !2

average abundances that began in 1991 (Table 9-2). were substantially higher at the nearfield Browns River |
2 2 !

The 19g2 densityat the Bmwns Riverinterndal statien ==nnat (135/m and 2,235/m at subtidal and intertidal

was similar (8,022/m ) to that observed in 1994. areas, respectively) than at the farfield Mill Creek !2
2 2stations (12/rn and 43/m , respectively; Table 9-2). j

Significant differences in mean densay among years HighabunaanceofS benedicriatthenearf:cidintertidal

were observed only at the nearfield Bmwns River station in 1994, a trend that began in 1991, contributed

subtidal and intertidal stations, and the farfield M'ill to the higher than aversge rotti density. I benedicti ;

I
Crvsk intertidal stanon (Table 9-3). Mean density in densty at each station during 1994 was within the range

1994 at the nearfield stations and the farfield intertidal
for the time series at all stations except the farfield

station was above average and sirt lar to years wi:th subthial station, where the density (12/m ) was the f2
i

higher-than-average density. lowestrecorded (Table 9-2). Despite this historic low,

density ofI benedicti in 1994 was not significantly

Mean number of taxa collected at subtidal sites - different from other years with low density (Table 9-31

during 1994 was higher at the nearfield station (n=40) Because of the high population fluctuations of I |

than at the farfield (n=24); mean number of taxa benedicii, particularly at farfield intertidal (e.g.. |

collected at the corresponding intertidal sites (3 MLW 3,215/m in 1983 to ! lim in 1987), significant annual [2 2

!

9-7
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TARI.E 9-2. MEAN NUMBER OF TAXA AND GEOMETRIC MEAN DENSITY (Nelui ) FDR EAC11 YEAR AND OVER ALL YEARS WITil 95%

CONFIDENCE LIMITS FROM ESTilARINE STATM)MS AT BROWNS RIVER SURTIDAL(3) AND IfnERTillAl.(3Mt.W) AND Mll.L
CREEK SURTIDAL (9) AND INTERTIDAL. (9Mt.W) SAMi* LED FROM 1978 TilROUGil 1994 (EXCl.lllllNG 19115). SEAllROOK
(II*ERATH)NAl. REI* ORT,1994.

. AI.S. YEAltY

d IK1.8 til.dSTA. 1978 8979 1988 1981 1982 1983 1984 1986 1987 1988 1989 1998 1998 1992 1993 1994 blEAN

'

lus.1 1 1870 # 16 4978 SMO 9131 2615 1244 1182 1898 3472 2581 1707 1889 2251 1955 4918 2875 357) 29tM

Iknisy 9 M19 2209 14.M7 11.277 4135 4511 620 2889 126 4M4 1878 2488 537) 2178 2648 2760 17M 4182 2250 i
a

IMt.W 4260 61M % 95 681) 8022 2721 2187 M12 1727 39 % 6940 1778 6834 4842 4774 8425 4522 5517 1706 ;
.

9Mt.W 3120 4512 6947 12.189 |1.181 11.851 5111 4201 6ll 6115 7525 3845 3572 4997 5#1 5288 50M 6704 1841 |

Al.l. 1514 4099 7344 8424 7796 4M4 til) 2980 995 4#1 1990 2128 1967 1301 4062 4%I 1771 4298 1317
i

MensNo 3 15 41 38 42 47 32 27 18 33 38 38 35 32 14 38 40 17 19 15

of lasa 9 26 14 47 44 34 M 21 M 21 27 25 31 30 31 26 24 il 14 28h
b

)Mt.W 28 37 Il 38 35 28 18 12 21 31 31 28 25 26 24 10 29 31 27

9Mt.W 28 35 15 di M 11 21 M 16 29 29 % 25 31 27 31 il in
!

Al l. 29 17 )$ 41 38 32 22 35 21 Il 38 31 28 31 29 32 12 )) il

c Se,<6&,ipne 3 M7 Ill 193 525 1964 552 239 99 66 550 181 % #2 168* 291 115 212 329 is)

de 6ena&e n 9 106 26 23 % 525 81 538 16 168 49 744 167 400 1612 296 M 12 170 120 90 i

!

IMt.W 4 19 505 1080 928 1584 525 515 1428 116 1106 3227 259 3138 1615 1977 2215 lost 1487 75)

9Mt.W 566 434 #6 2700 2154 3285 1%0 1299 Il 744 199 102) 404 258 27 41 450 829 244

Al l. Il4 561 684 942 925 842 242 415 58 794 445 278 1905 M6 187 ll) 370 482 284

'
Imgualiacta 1 242 270 204 651 2489 5% 225 95 II) 768 301 1% 233 428 392 MI 325 445 217

9 16 100 2980 969 1058 1603 162 528 131 272 21) 260 525 293 140 |14 297 el 191

)MI W 87 186 ilt 120 350 292 182 968 215 322 409 48 197 428 114 54 279 195 197

9Mt.W 574 810 1067 868 %5 2877 572 742 161 111 2888 %2 610 2024 1680 1407 810 1242 555 i
'

Al l. 189 231 678 6# 82) 911 298 437 157 382 537 16) 348 572 419 422 187 470 lit

f

l',9=erm ) || 61 Ill 47) 889 216 66 11 57 105 72 4 13 151 268 140 96 152 6l

s e,= ares,e 9 238 29 2451 277 298 IM 28 808 II) 1530 262 259 479 220 1042 780 128 495 207

)Mt.W 17 29 lit 244 540 208 124 197 26 # 27 24 le 57 62 62 E4 95 44

9MI.W 279 45 125 320 276 800 30) 234 19 1968 171 466 IO 181 208 197 210 320 lit

AI l. 60 40 269 118 44) 148 91 228 42 299 98 84 74 Il? 245 194 14) 179 |14

Han sar i SI 172 158 352 452 45 50 52 41 128 52 39 64 50 142 lit 97 112 71 ,

.6 m sa nke 9 21 29 48 205 41 7 7 41 2 31 29 8 45 15 82 M 28 42 II

1Mt.W 800 litt 1969 161) 975 210 296 987 ISO 521 1215 199 19n6 IIA 5 1820 1914 72 5081 527 (

9Mt.W 170 164 101 244 815 57 511 184 6 29 91 18 10 25 89 29 10 106 #

Al.l. 125 III '67 410 223 45 89 143 10 90 |15 31 845 84 230 ist lie t4l 85
-

,

(Conlismeti)

- _ _ _ _ _ _ _ _ _ _ _ - _ _ - - - - _ . _ _ . - _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - - - _ - _ .. , _ - - . _ - - - - _ _.. - . _ _ _ - _ - _ _ - .-



TAHl.E 9-1. (Coellowed)

AI.I. YEAlts'

d LM't.E tR E
STA. 1978 1979 1988 1988 1982 1983 1984 1996 1987 1988 1989 1998 1998 1991 8993 1994 MEAPl

age 1 69 158 92 III 432 75 31 28 30 12 35 64 7 17 49 25 41 63 30

aer.,mes,s 9 265 427 299 2% 148 168 157 34 53 81 69 208 48 12 82 17 801 152 70

3Mt.W 106 224 26 579 417 103 22 13 27 12 73 25 22 38 94 SI 48 il 72

9Mt.W 100 328 62 400 let 10 86 13 73 39 425 266 102 107 309 398 126 184 87

Al l. Ils 265 82 237 134 98 55 19 42 26 93 98 30 37 101 55 12 at 59

Spoo sesase 3 38 39 65 IS$ 159 120 113 15l 171 244 447 334 376 267 254 594 169 230 125

9 50 59 287 3% 170 16 3 15 6 385 236 140 158 66 42 150 74 128 43

3MI.W 7 9 8 6 4 8 2 % 25 % 24 26 8 2 5 2 9 15 5

9Mt.W 54 59 43 78 48 30 8 65 2 32 41 111 46 5 3 18 26 45 15

Al l. 30 33 51 72 51 26 le 16 16 104 102 103 10 22 28 45 42 56 32

Flumre 3 330 228 835 1 2 3 12 9 8 108 7 6 24 10 103 88 22 44 il

sarawns 9 80 40 46 292 136 35 7 le 3 16 .4 46 75 27 34 8 21 40 11

3Mt.W l% 174 607 3 23 52 44 255 87 244 80 28 4 9 90 39 53 90 ll

9MI.W 8 298 40 43 1614 278 325 307 1 21 3 8 8 22 6 30 17 75 18

? Al I. 42 147 183 17 64 37 34 53 5 54 10 9 16 15 38 le 11 42 22

e -

a Yeasty sneen densay = mean of eluce sensemel sneens (whese sessenet sneen = sneen of Eve rephceses)
8

b Yemly sneen seanbes of lema = mean ofIluce seasonellotels (whese sessenal teest = total number ist e5 Eve 1/16 sn eephceses combened). In August 1992 as Session 3Mt.W. the sueel ensmbcs oiseplacescs was fuus,

nee Eve
* Mean of all years a sneen of 48 seesomel means (3 sessens a 16 years)
e lippcs and howes 95% cae(nicene linens

-
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TAllLE 9-3. RESULTS OF ONE-WAY ANALYSIS OF VARIANCE AMONG YEARS FOR MEAN NUMilER OF TAXA (per 5/16 m ) AND

1.OG10 (z* 1) TR ANSFORMED DENSITY (Nolm ) OF TIIE MOST AllUNDANT ESTUARINE SPECIES OF MACROFAUNA AND
8

TOTAL DENSITY (AI.I. SPECIES) COLLECTED AT FOUR ESTUARINE STATIONS FROM 1978 TilROUGIl 1994 (EXCLUDING
i1985). SEAHROOK OPEllATIONAl. REPORT,1994.

l' ARM ETER" STATION f' MULTIPLE COMPARISONS * - SUHTIDAL STATM)NS

Mean Density (All spp.) 3 3.54"' 82,88,80,94,79,93,88; 78,83,89,92,91,90,84,87,86
9 2.89 NS+

Mean Nimiber of Taxa 3 1.51 NS
9 4. I 3 ' " 30,81,83,86; 82J9,90,92,91,88J8,93,89,94>90,92,91,88,78,93,89,94,87,84

Streblospio benedico 3 I.79 NS
9 2.04' 80,91,28,83,81,90,92,89,86,78,82,93,87> 88,83,81,90,92,89,86J 8,82,93,87,79,84,94

Oligochacia 3 1.88 NS
9 4.02 " 80,83,82,81,86,91 > B6,91,92,88,90,89,84,93,87,94 J9>79J 8

o Capitella capitata 3 2.14' 82,81,93,83,92,94,80,88,86,89,84,79,87>92,94,80,88,86,89,84,79,87,91,90J 8

9 3.92 " ' 30,88,93,86,94,91,83>91,83,82,81,89,90J 8,92,87> 87,79,84

fleiliste dnwsicolor 3 2.22 " 82,81,93,79,80,88,94 >79,80,88,94 J 8,91,86,89,92,84,83,87,90

9 2.52 " 81,93.94,91,86,82,80,92,88,79,89,78 >79,89,78,90,84,83,87

Ains areousria 3 I.95 NS
9 l.79 NS

,

Spio seiosa 3 2.79 " 94,89,91,90,92,93,88,87,82,81,86,83 > 87,82,81,86,83,84,60J9,78

9 2.03' 81,88,80,89,82,91,94,90,86,92,79J 8,93,83 >90,86,92,79,78,93,83,87,84

77unyx ocutus 3 5.09'" 80J8,79,93,88,94; 91,84,92,86,89,90,83,82>84,92,86,89,90,83,82,87,81
i

9 0.99 NS

(continued)

.
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TABLE 9-3. (Contiemd)

PAMMETER" - STATION P MULTIPLE COMPARISONS' - INTERTIDAL STATIONS

Mean Density ( All spp) 3MLW 2.62' 94,82,89,91,81,79,80,86,92,93,78,88; 92,93,78,38,83,84,90,87

9MLW 2.04' 81-83,89,80,88,93,94,84,92,79,86,90,91,78; 90,91,78,87

Mean Ninnber of Taxa 3MI.W 2.99 " 81,79,82,86,89,80,88,94,78; 83,90,92,91,93,87,84

9MLW 2.66 " 81,90,82,86,80,79,92,94,83,88,89,78> 89,78,93,91,84,87

5sreblospio bemslicii 3MLW 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
.

9MLW 3.03 " 83,81,82,84,86,90,88,91.78,80,79,89,92>92,94,93,87

Oligochaeta 3MLW l.02 NS
9MI.W 0.97 HS

y C pisella cryitata 3MLW 3.96" * 82,81,83,86,80,84; 94.93,92,88,79,89,87,90,78>92,88,79,89,87,90,78,91

~, 9MLW l.57 HS

lle lisse <hwrsicohr 3Mt.W l.63 NS
9Mt.W 3.17 " 84,81,86,78,79,82,80,89,93 > 82,80,89,93,83,91,94,88,92,90>91.94,88,92,90,87

Alysearewria 3Mt.W l.68 NS
9MLW 2.49' 89,81,94,79,93,90,82,92,91,78,84,87,83,80>92,91,78,84,87,83,80,88,86

,

4sio setora 3 M I. W l.20 NS
9MLW l.32 HS

77wryx acntns 3MLW 3.08" * 80,86,88,79,78,93,87,89,83->83,84,94,90.82,92,91,81

9MI.W 3.37 " * 82,84,86,79,83>80,81,94,92,88,90,78,91,93,89> 81,94,92,88,90,78,91,93,89,87

* Degrees of freedoen for the model (years) = 15; Degrees of freedone for the error = 32;
'' NS = Not significant (p>0.05); * = Significant (0.052p>0.01); " = liighly significant (e.Olp20.001); '" = Very liighly significant (pso 001);
* Muhiple comparison ecst is Waller-lhecen k-ratio t test with alpha = 0.05. Groceps anal years are in orde- of decreasieng almendance. Gooups that consain years

that overlap with less abundance groups are separated by (>). Grosops llent contain years that are all significantly greater than less alunulant groups are sepas ated

by (;).

I
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ESTUARINE STUDIES

diffennees were observed at both nearfield and farfield farfield and near5 eld subtidal sites were 140 and
2intertidal sites, and at the farfield subtidal site. By 780/m , respectively, within the range of the 16-year

contrast, annual variation in S. benedictf abundance time series (Table 9-2). Differences among annual

was not significant a:the nearfield subtidal site (Table densities of C. capitata were significant at all stations ;

f
93), except the farfield Mill Creek intertidal site (9MLW:'

Table 9-3). Density of C. capitara in 1994 at the

Oligochaetes are small deposit feeding annelids that nearfield Browns River subtidal and intertidal stations,

can be very abundant in organically enriched shallow- and the farfield (Mill Creek) subtidal station was rankei

water marine habitats, feeding on microbes that colonize with the years of highest abundance. .

organic detritus (Soulsby et al.1982; Hull 1987). As
the amount of detrital material varies both spatially The clam worm Hedistr (formerly Nereisj

and temporally, oligochaete abundance can exhbit rapid diversicolor inhabits near shore marine sediments from

and large fluctuations (Giere 1975; Price and Hylleberg the North Atlantic and North Sea to the Meditemmean

1982). Oligochaetes were the second most abundant (Gosner 1971). This relatively large polychaete has

taxon collected, comprising on average 11% 'of the often been identified as an " indicator of organic -

total number of individuals collected at both intertidal pollution" because of its high abundance in nutrient i

and subtidal stations. Densities of oligochaetes during rich areas (Hull 1987). E diversicolor is a common
2

1994 at near5 eld Browns River subtidal(361/m ) and
member of the macrofaunal community in Hampton-

;

intertidal (546/m ) s tes were within the range of Seabrook estuary, with densities during these studies24

2
previous study years (Table 9-2). At the farfield averagmg over 100/m . Durmg 1994, mean densities

subodal site, however, oligochaste densay during 1994 ofE h-J2olor at the nearfield Browns River subtidal
2.

was ll4/m , within the range of previous years but and imestidal sites were 118 and 1,934/m , respecovely,2
2considerably lower than the 1,407 individuals /m and were considerably higher than the densities at the

2 2
collected intertidally (9MLW). Significant annual farfield Mill Creek sites (76/m and 29/m ; Table 9-2).'

differences in oligochaete density were observed only With the exception of the nearfield intertidal station,

at the Mill Creek farfield site over the 16 year study the 1994 densities ofE diversicolor at all stations were

period, with 1978 and 1979 having significantly lower within the range of previous study years (Table 9-2).

densities that the other years (Table 9-3). Density of The 1994 density was the highest recorded at the

oligochaetes in 1994 at the farfield subtidal station was nearfield Browns River intertidal site contributing to

not significantly different from other years of a high total density. Densitie:,ofE diversicolorhave

intermediate density (Table 9-3). No significant annual been higher than average since 1991 at this station.

differences in oligochaete densities then observed at Significant differences among years occurred at all

either nearfield site, or at the intertidal farfield site. stations except nearfield intertidal (3 MLW), where E
diversicolorwas consistently most abundant (ANOV A

The polychaete genus Capitella occurs worldwide results; Table 9-3). In 1994, densities ofE dive >srcolor

(Hartman 1969; Wade 1972) and, as an opportunist, at the nearfield and farfield subtidal stations were ;,

'

is a good indicator of a wide variety of environmental among the years of highest density. At the farfield ,

suesses (Wass 1967). C. capitata, a sedentary tube- intertidal station, density in 1994 was among the years

dwelling deposit-feeding polychaste. is commonly found of intermediate density.

in oxygen-depleted estuaries and harbors where
sedimentation rates are high (Reish 1967). C. capitata The soft-shelled clam .Wa arenaria is harvested

was also present in high numbers at Seabrook estuarine in great numbers from mud flats in New England

study sites. During 1994. C. capitata densities at the (Abbott 1974). In Hampton Harbor, X arenaria has

|9-12
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d

important recreational value since flats were reopened 9.4 CONCLUSIONS ;

to shellfishing in 1994. The predominant life stage ,

, '

i of M arenaria collected in estuarine samples were 9.4.1 PHYSICAL ENVIRONMENT
young-of the year (spar <5 mm) and juvenile clams

'

(<12 mm). Mean clarn densities during 1994 at the Physical factors such as temperature and salinity !
2 2

i nearfield subtidal(25/m )andintertidal sites (51/m ) are imponant factors in controlling the structure of soft- i

i and at farfield subidal site (17/m ) were lower than bocom communities in the Hampton-Seabrook estuary. !2

i the farfield interddal site (398/m ). Annual densities The predictable seasonal cycles of temperamre and I2

; ofM arenaria vere significantly different at only the salinity provide valuable information for interpreting ,

farfield intemdal sianon (Table 9-3). Densities in 1994 changes in macrofaunal abundance and community }
'

at this station were among the years of highest density. corap=*m Maumum temperatures usually occurred ,

in July or August, with minimum temperatures in !
,

;

The tube-dwelling polychaete Spio setosa is most January or February Monthly temperatures in Browns

common in sandy, shelly subtidal areas where it feeds River from April through December 1994 and January
;

,

on suspended particles (Dauer et al.1981). 'In the through May 1995 fluctuated around the monthly overall (
Hampson-Seabrook esuary, S serosa was more common average. Salinity levels had a less distinct seasonal ;

in subudal collections, particularly at the nearfield cycle than did temperamres, but were usually lowest !

Browns River station, and uncommon in intertidal in spring coincident with increased runoff, and highest |-

collections. During 1994, density ofI seiosa at the in summer due to decreased precipitation. Monthly i

nearfield subedal station was the highest w-d 4, salisties in Browns River were well above ti.e upper

while densities at the other stations were intermediate 95% CL in June, July and October 1994, when rainfall'
1

(Table 9-2). No significant differences in S. setosa was below average. During a three year period from I
i

density occurred among years at either ofthe intertidal 1980 to 1982, salinities in Browns River were among

stations; however, densities at both subtidal stations the highest observed in this s-.idy (especially at low

exhibited significant annual variability, with 1994 tide), and coincided with low precipitation and highest !

ranking among the years with highest abundance (Table discharge volume from the Seabrook Station settling
'

9-3). basin. During this period, construction ofintake and
discharge tunnels, and tunnel dewatering caused the

'Ihe polychaste Tharyr acuna (formerly CauBariella salinity of the settling basin's discharge water to be i

sp. B), was occasionally abundant in the Hampton- reiservely high. Since the decreass ofdischarge volumes |

Seabmok estuary, and has exhibited wide density in 1983, salinity levels in Browns River have also I

fluctuations from orm year to the next since 1980 at decreased and remained at levels typical of estuarine i

both nearfield and farfield sites (Table 9 2). Densities environments. The diversion of settiing pond effluent
'

from Browns River to the offshore discharge tunnel
of T. acurus during 1994 were hip at the nearfield2
station (88/m subtidal and 39/m intertidal) than at in April 1994 has not caused a measurable increase

2 2thefarfield(8/msubtidaland30/m ntertidal; Table in salinity for Browns River. Above-average salinity

9-2). Densities in 1994 were within the range of in Browns River occurmd only in June, July and !

previous years at all four stations, and variation among October 1994, coincident with below-average i

years was significant at all stations except for the precipitation at Seabrook Station. A similar trend was

farfield subtidal station, wheir the density was among observed at the farfield station in Hampton Harbor.

the highest observed (Table 9-3). which indicates the salinity increase was not a localized ;

effect due to diversion of the settling basin effluent ;
*

from Browns River to the open ocean via the cooling ;

9-13
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f water discharge tunnel. With the -winn offebniary, this period, the discharge conta.ned higher than average

the 1995 salinity values from Browns River was similar levels of nutnents, organic maner and ==aaded solids

to the overall monthly means. (NAI 1980s,1981). De increased volume of discharge
water during 1980-1982 may have disturbed the
established faunti community in Browns River, which

9.4.2 MACROFAUNA was rapidly colonized by opportunist species such as
S. benedicts. C. capitata, H. diversicolor, and

De benthic cacrofaunal community in the Hampton- oligochaetes. However, since changes in total density

Seabrook estuary was representative of other and density of dominants occurred simultaneously at

communities reported throughout New England.- Browns River and Mill Creek, they were probably

Species composition in nearfield Browns River (Stations
related to area-wide changes in natural abiotic

3 and 3MLW) and farfield Mill Creek (Stations 9 and (precipitation, temperature, salinity) and/or biotic

9MLW) was similar to that described in other estuaries
(predanon,competmon) factors. Nevertheless, decreases

along the Atlantic Coast (Watling 1975; McCall1977; in settling basin discharge volume and, as a result

Whittatch 1977: Santos and Simon 1980; Whittatch salinity were followed by lower total density and the

! and Zajac 1985). As in most other temperate areas,
lowest number of taxa in 1984. Macrofaunal density

spatial and temporal patesms of abundance, numbers increased by 1986 and then d- a.d again in 1987.

of species, and dominant taxa comprising intertidal These rapid changes were apparently related to high

|
and subtidal communities were largely detennined by precipitation and low salinity consistent with

physical char i.stics and sediment type (Rhoads et observations reported in NAI (1988,1992). The
j

|
al.1978; Flint 1985). He annelid worms such as macrofaunal community recovered within one to two

l Streblospio benedicri, Cqpitella eqpitata Hediste years, and since then, total density and number of taxa

diversicolor, and oligochastes have predominated in have been less variable (NAI 1993). Since 1990,

the macrofaunal collections from 1978 through 1994 macrofaunal densmes at all four stanons have generally

nose organisms have been classified as opportunists increased from year to year.

,

and are charactenzed by rapid development, several

reproductions per year, and high recrumnent and The estuarine benthic community in 1994 generally
.

!

mortality (Grassle and Grassle 1974; McCall 1977; resembled that observed in previous years (Table 9-4).

Rhoads et al.1978). As a result of these life history Number of taxa, total density, and abundance of

strategies and the natural variability in physical and dominants were within the range of previous years,

chemical properties of this estuary, significant annual with a few exceptions. Total density at the nearfield

variation was observed in total macrofaunal density, Browns River intertidal station in 1994 was the highest

mean number of taxa, and density of most of the observed to date, caused by high numbers of

dominant organisms. t%=r= such as these are typical polychaetes Streblospio benedicri, and Hediste

of those in manne benthic communities following diversicolor. Higher than average abundances of these

disturbance (Kaplan et al.1974; Sanders et al.1980; species have been observed since 1991, and appeared

Swartz et al.1980; Nichols 1985; NUSCO 1987,1993; unrelated to the cessation of Browns River discharge.

Berge 1990).
The results of the estuarine benthos study show no

ne number of taxa collected and macrofaunal
measurable effects related to the settling basin

densities were high from 1980 to 1982, most likely discharge, during or after construction of Seabrook

due to a combination'of low precipitation and high Station. Similarly, no effects of the operation of

discharge rates from the settling basin. Also during

9-14
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I TABLE 9-4. SUMMARY OF EVALUATION OF EFFECTS OF SEABROOK
STATION OPERATION ON BENTHIC MACROFAUNA OF
BROWNS RIVER (STATIONS A3,3ML) AND HAMPTON-SEABROOK
ESYUARY (STATIONS,9,9ML). SEABROOK OPERATIONAL
REPORT,1994.

COMMUNITY / WAS 1994
.

]
SPECIES SIMILAR TO

' PREVIOUS
I YEARS?"

Number of taxa Yes
1

Total density Yes
,

Streblospio benedicti Yes

| Oligochaeta Yes

YesCapitella capitata .i

i Hedisse diversicolor Yes

I Mya arenaria 'es

| Tharyx acutus Yes
.

| Spio setosa Yes

:

:
I

a Results based on ANOVA done by station for Stations 3,3ML,9 and 9ML (see Table ''
;

;

,

i

Seabmok Station have been observed in the estuarine America. Van Nostrand Reinhold~Co., New York. -

macrofauna community. Ceasarion of the Browns River 663 pp.'

discharge in April 1994 has had no adverse effect on
the resident macrofaunal community. Berge, LA. 1990. Macrofaunal recolonization of

subtidal sediments. Expenmental studies on
defaunated sediment contaminated with emde oil
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APPENDD TABLE 9-1. NOMENCLATURAL AUTHORITIES FOR TAXA CITED IN THE
'

ESTUARINE BENTHOS SECTION. SEABROOK OPERATIONAL
; REPORT,1994.
'

i
:

| Oligochaeta
.

1
'

Polychaeta
Capitella capitata (Fabricius 1780)

.

' Hedisse diversicolor(Maller 1776) .

Splo serosa (Verrill 1875)
Streblospio benedicti (Webster 1879)

| Tharyx acutur (Webster and Benedict !887)
.

i Mollusca
j Mya arenaria Linnaeus 1758
,

1

.

:

,

i

|
APPENDIX TABLE 9-2. WATER QUALITY DATA FOR BROWNS RIVER, JANUARY

THROUGH MAY 1995. SEABROOK OPERATIONAL
REPORT 1994.j

i
;

|
TEMPERATURE (*C) SALINITY (ppt)

2

; .

MONTE LOW TIDE HIGH TIDE LOW TIDE HIGH TIDEi

January 4.7 6.2 18.6 29.0
j

February 2.8 4.3 25.7 31.1
'

|

| March 7.5 6.5 18.6 26.4

April 9.5 10.5 21.1 29.9

May 10.0 12.0 23.6 30.6
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SUMMARY
l

Since Hampton Seabrook estuary contains the majority of New Hampshire's stock of the recreationally
I

important soft-t; hell clam, an extensive program has been undertaken to characterize the population of all life
stages. Larvae hoe tspically been abundant in June and July, with a second, larger peak in late August and
September. Larval &nsities during the operational period showed a ===! cycle that was similar to previous
years, but mean abundances were lower than the preoperational average at both nearfield and farfield stations.
Adult soft shell clam densities have been highly variable during the preoperational period, a result of varying

recruitment success, variable predation levels, and the presence of disease. The closure of Hampton Harbor
to idnal clamming in 1989, a result of coliform contamination, has eliminated a substantial source of mortality.

Clamming resumed at Flats 1 and 3 in October of 1994,' which reintroduced a significant source of mortality.
Mean density in 1994 of young-of-the-year clams on all three flats was less than the preoperational mean and

:

equal to the operational mean density. Juvenile mean density in 1994 was less than the preoperational mean
- and greater than the operational mean. Spat and adult mean densities in 1994 were greater than the operational

and preoperational mean densities. There were no significant differences in densities of young-of-the-year, spat, ,

and juveniles between the preoperational and' operational periods. However, the Preop-Op X Area term was
significant for adults, which indicated differing trends between the g+4ional and operational periods among
flats. Adult clam densities increased significantly at Flat 4, and decreased significantly at Flat 2, between the

preoperational and operational periods.

:
,

e

i

1 .

T
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10.0 SOFT-SHELL CLAM umboned bivalve larvae count exceeded 300 specimens

(MYA ARENARIA) and two subsample fractions were enumerated from

each sample. A more detailed description of methods

10.1 INTRODUCTION can be found in NAI (1991).

The objectives of the soft shell clam (Mya arenaria
Linnaeus 1758) monitoring programs are to determine 10.2.2 Hamoton Harbor Population Survey

the spatial and temporal patterns of abundance of
various life stages of soft-shell clams in the vicinity The five largest flats in the Hampton-Seabrook

of Hampton Harbor, NH. Planktonic larval stages may. estuary (Figure 10-2) were suneyed in the late fall

be subject to impacts from Seabrook Station due to from 1974-1994 to obtain information on clams

entrainment through the offshore intake structure into measuring at least 1 mm. Sampling sites within each

the circulating water system. Benthic stages (after flat were chosen randomly. The number of stations

settlement to the bottom) in the Hampton-Seabrook sampled on each flat was proportional to the variance

estuary may be subject to impacts from the station's in density observed at that flat historically. Flats 3

settling pond discharge, which ended in April 1994. and 5 were not sampled for clams greater than 25 mm

Other factors that may affect the clam density, such in length, since the density has historically been

as predation, disease, and recrational clamming have extremely low.

been considered. Nearfield/farfield comparisons of

seed clam densities (1-12 mm) are made between A sample for 1 25 mm clan:s consisted of three 10.2-

Hampton Harbor and a nearby estuary, Plum Island cm diameter x 19.2-cm deep cores (4-in diameter x

Sound, Ipswich MA. 4-in dep) taken within a 30-cm x 61-cm quadrat (1-ft
x Srt). Sampleswere sieved with a 1-mm mesh sieve,
and clams were enumerated, measured, and released.

10.2 METHODS A sample for clams >25 mm consisted of one quadrat

dug to a depth of 45 cm (1.5-ft) with a clam fork.

10.2.1 Pivalve Larvae Large clams were removed from the sediment in the
field, enumerated, measured, and released.

The spatial and temporal distributions of 12 species
of umboned bivalve larvae, including Mya arenaria.

were monitored using a 0.5-m diameter,0.076-mm 10.2.3 Nearfield/Farfield Study

mesh net. Samples were collected weekly from mid-

April through October at Hampton Harbor (P 1), intake To compare seed clam densities (1-12 mm), sun eys

(P2), discharge (PS) and farfield (P7) stations (Figure were conducted in the fall at 10 sites in both Hampton

10-1). Sampling began at Station P2 in July 1976, Harbor (Flats 2 and 4) and Plum Island Sound
Station P7 in July 1982, and at Station P1 in July 1986. beginning in 1976. Three cores were taken per station

Collections were made at Station P5 from July- and processed using the same methods employed in

December 1986 and April 1988 to the present. Two the Hampton Harbor survey described above. An addi-

simultaneous two-minute oblique tows were taken at tional 1-cm deep x 35-mm diameter core was taken

each station. Upon recovery, net contents were pre- for analysis of newly-set soft-shell clam spat (<l .0 mm).

served with l 2% borax-buffered formalin (with sugar Sampling sites were fixed at locations where the

added to enhance color preservation) and refrigerated. abundance of clams has been high historically.

In the laboratory, samples weie split when the total

10-1
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10.2.4 Green Crab /Carcinus maenas) 1994). ANOVA used weekly means of log (x+1) !

density for larvae collected from 1988-1994, when all ,

Beginning in 1983, green crabs (Carcir.ur maenas three stauons were sampled concurrently. 'Ihe ANOVA |

Linnaeus 1758) were collected at four estuarine model used log (x+1) densities from the total number

locations on the penmeter of Flat 2 in Hampton Harbor of samples taken for benthic stages sampled from 1974- ,

(Figure 10-2). The traps were set twice a month for 1994 in the Hampton Harbor sun'ey, and from 1987-94

24 hours year-round except for February and March, for the nearfield/farfield survey. ,

when historically no crabs have been found. Two
13-mm mesh, baited crab traps were set at each station

,

so that they were swash at mean low tide (NAI 1991). 10.3 RESULTS

10.3.1 Larvae

10.2.5 Analytical Methods
Mya arenarialarvac occurred mostweeks from fate |

Annual geometric mean density was computed based May thmugh October during preoperational years at !

on the number of samples taken during any given year nearfield Station P2 (Figure 10 3). Maxirnum densities |

(n = number of samples). Preoperational and were typically recorded in late summer or early fall,

operational geometric mean densities were based on and a secondary peak usually occurred in early summer.

the annual means (n = number of years sampled), to Peak abundances in 1994 occurred in late June and ;

avoid vananon caused by an uneven number cisamples late September and were approximately an order of ;

per year. Means were plotted graphically and examined magnitude larger than the iwees &ional average. The i

for trends late September 1994 peak in larval clam abundance I

was the highest recorded in the operational period, ,

An analysis of variance (ANOVA) was used on log although higher abundances were observed during the |

(x+1) transformed denshy (n= number of samples) to preoperational period. Annual mean density of brvae |
detennine differences for the following main effects: in 1994 was higher than the operational ncan at {

spanal (among stauons or areas / flats), temporal (among Stations P2 and P7, and lower than the preoperational
'

weeks (larvae only) and years), and periodic (between and operational means at Station PS. The overall

preoperational and operational periods) variation. In operational mean larval abundance at all three stations

addition, the interaction between station or area and was not significantly different than the preoperational

period was investigated. If the interaction term (Preop- mean (Tables 10-1, 10-2). Larval densities were not ;

Op X Area) was found significant (ots0.05), the least significantly different among stati ns, regardless of |

squares means procedure (SAS 1985) was used to plant operational status. Trends in larval abundance !
'

evaluate differences among means, and significant between stations remained consistent during both the ,

interactionswerer ,- graphically. Amixedmodel preoperational and operational periods and were not'

ANOVA developed by Northeast Utilities, based on affected by the operation of Seabrook Station. ,

recent reviews of the BACI model by Underwood ;

(1994) and Stewart Osten et al. (1986), was used with Sexual maturity in Mya arenaria is primarily a !

all effects considered random, except operational status function ofsize rather than age, with clams larger than ;

(Preop.Op). Time and locahon of sampling of sampling 20 mm in shell length capable of spawning (Coe and

- were consM random factors b== both sampling Tumer 1938). Clams nonh of Cape Cod usually began

dates and selected locations represented only a fraction to spawn once per year when the water temperature |

of all the possible times and locations (Underwood reached 4-6*C. Factors which affect spawning in

10-4
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TABLE 10-1. GEOMETRIC MEAN DENSITY (NUMBER OF LARVAE PER CUBIC METER; NUMBER OF JUVENILESIADUL13
PER SQUARE FOOT) AND THE COEFFICIENT OF VARIATION (CV) OF NYA ARENARIA COLLECTED DURING
PREOPERATIONAL AND OPERATIONAL YEARS AND IN 1994. SEABROOK OPERATIONAL REPORT,1994.

PREOPERATIONAL* 1994 OPERATIONAL *

LIFESTAGE AREA MEAN' CV MEAN' MEAN' CV

Larvae P2 5.5 17.7 3.8 3.6 4.6.

P5 5.0 12.0 2.6 3.2 27.2
P7 5.7 13.0 6.6 4.1 21.5

1-5 mm 1111-1 3.5 48.5 5.1 3.9 45.0

young-of- 1111-2 8.6 58.8 3.3 4.8 41.9
the-year IIII-4 10.5 43.8 4.4 4.6 - 49.1

All 6.4 49.0 4.3 4.3 42.4

6-25 mm 1111-1 I.7 127.8 5.5 1.4 88.6' -

spat IIII-2 0.7 153.5 1.4 0.5 73.6

i 1111-4 3.4 89.7 4.1 1.9 60.6

| All 1.8 108.5 3.4 1.2 74.1

26-50 mm 1111-1 1.6 108.6 0.6 0.4 42.2

juveniles IIII-2 0.4 115.6 1.0 0.2 145.2

1111-4 1.7 100.4 1.8 1.0 45.2

All I.2 97.4 0.9 0.4 57.3

>50 mm i11I-1 0.6 76.6 0.6 0.6 16.5

adults lill-2 0.4 96.5 0.3 0.2 44.1

1Il1-4 0.5 78.2 2.2 1.9 11.5

All 0.5 76.5 0.7 0.6 17.3

1-12 mm llampton liarbor 5.7 70.8 6.6 6.1 73.2
seed clams Plum Is. Sound 17.1 68.5 7.3 8.9 80.0

*l.arvae PREOP = 1988,1989; OP = 1991-94. Ilampton liarbor (Illi) PREOP = 1974-1989; OP = 1990-1994.
Ilampton liarbor-Plum Is. PREOP = 1987-1989; OP = 1990-1994

' PREOP and OP means - mean of annual means. 1994 mean = mean of the number of samples.
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TABLE IG-1. CESULTS OF ANALYSIS OF VACIANCE COMPACING MYA AZENAllA LA"iVAl., SPAT. JUVENil E AND ADUIT DENSITIES DURING
PREOPERATIONAl AND OPERATIONAI. PERIODS. SEABROOK OPERATIONAL REPORT.1994.

!
t

Mt'A ARENARIA SOURCE OF i
8

IJFESTAGE STATSON/Fl.AT VARIATION df MS F MUlll1PLE COMPARISONS '.
tlin t ,; ' _ sedert-

larvac" NFARl1El.D (P2, PS) Preop-Op' * I 3.15 17.67 NS
FARilt1D (P7) Year (Preep 4 0.55 0.33 NS

Week X Year)' 146 1.52 6.91" * "2 0.27 Non-est.
Preop-Op X Station' 2 0 01 0 02 NS
Year (Preop-Op) X Area' 8 0.38 I.75 NS

-| Error 289 0.22

IIAMPTON llARDOR
bI-5 inmi I, 2, 4 Preop-Op I 8.22 0 60 NS

young-of- Year (Preop-Op) 19 10.36 9.3 5" *
the-year Area 2 8 21 2.2I NS*

Preop-Op X Area 2 3.64 3.07 NS
Year (Preop-Op) X Area 38 - 1.14 2.60" *
Error 1622 0.44

.

6-25 mm* 1, 2, 4 Preop-Op i 2.49 0.24 NS
spat Year (Preop-Op) 19 10.07 9.78" * i

Asea 2 Il 26 23.44 NS

Preop (-Op X AreaYear Preop-Op) X Area38 1.06 4.65 * "
2 0.53 0.47 HS

Error 1622 0.23 ,

1w
o 26 -50 inm" I, 2, 4 Preop-Op i 11.94 1.09 NS
8 juvenile Year (Preop-Op) 19 9.39 7.42 * "
4 Area 2 11.81 4.78 NS

Preop-Op X Aree 2 2.43 I.76 NS
Year (Preop-Op) X Area 38 1.33 9.77" *
Error 2853 0.14

>50 mm* I, 2, 4 i 2.5l 0.40 NS
Preop (-OpYear Preop-Op) 19 1.55 10.68' "aduk.

legal Area 2 6.36 I.22 NS
Preop-Op X Area 2 4.95 31.94 " ' 4 Op I Op i Pre 4 Pre 2 Pre 2 Op
Year (Preop-Op) X Area 35 0.15 2.63 " *
Errer 2853 0.06 i

NEARFIFJ.DTARFIELD
l-12 snm" llampton Harbor I 0.52 2.44 HS

Preop (-OpYear Preop-Op) 6 0.86 0.61 NSPlan Island Sound
Area I 3.02 4.03 NS
Preop-Op X Area 1 0.77 0.54 NS
Year (Preop-Op) X Area 6 1.42 3.00 "
Error 144 0.47

T.arval conaparisons based on weekly
periods, mid-April through October; where preop = 1988,89 and op = 1991-94.*I

or llampson liarbor Surve = 19 4-8 and op = 1990-94. For the Nearfieldfarfield Survey
preop = 1987-89 and op = -94. NS = Not significant (p>0.05)

'Conuncreial operation began iii August,1990, therefore the operational period inchedes 1990 for * = S nificant (0.052p>0 01)
, jieveniles, and aduhs, Imt not ser larvae. "=1 mficant (0 012p>0 001) i

d.i rational versus pecq- ' " period regardless of area. '"=Y ' ly significant (00012p) T

* Year nessed wishin preoperational and operational periods, regardless of area.
' Week nested within year regardless of area.
*sension or flat, regardless of year or period.
Sinteraction of main efIcess.
' Interaction of year and area nessed wienin picoperational and operational periods.
'thulcelining signifies no significant differences among least square means at alpha 5 0.05.
"I'-vahee inm-estimable due to a negative demaninntor nican square.

,

|
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i
addition to temperature include adult condition and Snat (6-25 mm) and Jav-n- (26 50 ===L Trends

food availability (Newell and Hidu.1986). Larval in the 6-25 mm size class indicate the survival success

|
abundance is dependent upon the number of adults of young-of-the-year (1-5 mm spat) that have over-

j spawning, the location of spawning sites, larval wintered, and may also' include some fast-growing- >

behavior, coastal currents, water column stratification young-of the-year. During 1994,recruitmentintothe

{
and other environmental conditions. Length of life 6-25 mm size class increased over 1993 (NAI and NUS

spent in the larval state is approximately 12 days at 1994) and was greater than the preoperational and2

20*C, but lasts up to 21 days under cooler conditions operational means at all three flats (Table 10-1). The
-

(Turner 1949). Planktonic larvae settle to the bottom
mean density of 6-25 mm clams during the operational

j after this period to become young-of-the-year (seed- period was not significantly different -from the
yiwyu. Gonal period, and all three flats showed similar

j clams).
trends between the preoperational and operationr1

i Gonadal studies demonstrate that the onset of periods (Table 10-2).

: spawning in Hampton Harbor and Plum Island Sound;

(late May-June) usually followed the .yy .r.ce of Juvenile (26-50 mm) mean densities at all flats in

I larvae in offshore tows (early-mid May)(NAI 1985). 1994 irm d compared to 1993 (NAI and NUS 1994)

Therefore, the spring and early summer larvae popu- and were higher than the operational mean density

lation may in part originate in areas farther south. (Table 10-1). However, mean density at Flat I was
'

; Historically, the late-summer peaks generally were lower than the preoperational mean density, and mean

coincident with northward-flowing currents. Recruit- densities at Flats 2 and 4 were higher than the'

ment of larvae of non-local origin is likely due to preoy .donal mean. There were no significant

|
current panems in the Gulf of Mame, which may move

differences in mean density ofjuvenile clams between

water masses and their entrained larvae significant the operational and y.wy-. Gonal periods and all three

j distances before larval settlement (NAI 1979).
flats showed similartrends between the preoperational

and operational periods (Table 10-2). |

L

10.3.2 Hampton Hantor Servey Adults &50 mm) Clams measuring more than 50
mm are at least 4 years of age (Ayer 1968) and

:

| Yo===-of-the-year (1-5 ==L 'Ihis size class considered aduhs in this study. In 1994, mean densities

contains recently settled clams that have not yet of adults were slightly lower than 1993 at Flat I and

survived a winter. In 1994, mean density of 1-5 mm higher at Flats 2 and 4 (NAI and NUS 1994). Mean

clams at Flat I was higher than the preoperational and densities in 1994 were equal to or higher than the

operational averages (Table 10-1). At Flats 2 and 4, operational mean at all flats, and higher than the,

) mean density in 1994 was lower than the preoperanonal yrwp.4ional period mean densities at Flat 4 (Table

i and operational averages (Table 10-1). - Historically, 10-1). The Preop-Op X Area term was significant,

1-5 mm clam density has been highly variable, and whichindicated differing trends between the preopera-

1994 was within the range of previous years (Figure tional and operanonal penods among flats (Table 10-2;
i

10-4 and NAI 1990). There were no significant Figure ' 10-5). Adult clam densities increased

. differences in mean 1-5 mm clam density between the significantly at Flat 4, and decreased significantly at

preoperational and operational periods and all three Flat 2, between the preoperational and operational

areas showed similar trends between the y.w.,. Gonal periods. There was no significant difference in adult
4

and operational periods (Table 10-2). clam densities at Flat I between the preoperational and

operational periods.
,

a
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FiF 10 5. A comparison of the mean log (x+1) density of clams <50 mm (number per square
foot) among flats during the preoperational (1974 1989) and operational (1990-1994)
periods when the interaction term (Preop-op X Area) of the ANOVA model is
significant (Table 10 2). Seabnxi Operational Report,1994.
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1

] 10.3.3 Nea:Seld/Farfield Study low, but the fall green crab abundance was at its highest ,

level to date. In 1993, when the minimum winter |
'

In 1994, the mean density of seed clams in Hampton temperature was low, green crab abundance declined
|;

| - Harbor (nearfield area) was lower than the record set from the previous year. Minimum water temperature

| of 1993 (NAI and NUS 1994). Densities of seed clams in Hampton Harbor during 1994 was again low (-1.6'

in 1994 in Plum Island Sound (farfield area) were lower C) and green crab abundance in the fall was among

j than the pi+4ional mean density and similar to the lowest recorded since 1979. It is likely that many
' the operational mean (Table 10-1). The mean density factors, both physical and biological are involved in

of seed clams during the operational period was not controlling the green crab population size. Green crabs
;

significantly different from the preoperational period, were not found in New England before the early 1900s
1

! and the nearfield and farfield areas showed similar (Gosner 1983), and the local population has generally

trends between the preoperational and operational increased since the late 1970s (Figure 10-6).

periods (Table 10-2).a

Recreational clam digging on the Hampton Harbor

flats was a significant source of mortality for adult;

10.3.4 Effects of Predation clams (>50 mm) and smaller clams through April 1989,

and Perturbation Hampton Harbor flats were closed to clam digging from

April 1989 through September 1994 by the New

Clams in Hampton Harbor have historically been Hampshire Department ofHealth and Human Services
;

subjected to predation from two major sources: green due to coliform contamination. The number ofclams

crab (Carchms maenar), which consume clams up to greater than 50 mm in length on Flat 4 greatly increased'

about 50 mm in length (Ropes 1969), and humans who from 1989 to 1990 (Figure 10-4) and remained

| dig adult Mya and also cause mortahty to smaller clams relatively high from 1991 threugh 1994. With the

; following flat disturbance. Sea gulls are also predators, Hampton Harbor flats closed, the harvesting pressure

j as they are commonly observed picking over clam on the adult clam population was removed, and the

digger excavations for edible invertebrates, estimated number of bushels per acre in 1992 was the'

highest during the study period (Figure 10-7).'

,

Clams are a major source of food for green crab, However, in 1993, the estimated bushels per acre
j

| particularly in the fall (Ropee 1%9) Maximum green declined slightly. The decrease may be due to illegal

crab abundance usually occurred in the late fall (Figure harvesting, but the extent to which this occurs is

10-6). Mean monthly densities during the 1991-1994 unknown (Bruce Smith, NHFG, Durham, NH; Pers.

operatxmal period were lower than preoperanonal densi- Comm. April 1994). In 1994 the estimated standing

ties except during January and December. crop of adult clams on Flats 1,2 and 4 increased
slightly to 113 bushels per acre. Standing crop

Welch (1%9) and Dow (1972) found that green crab decreased 6% at Flat 1 in 1994 compared to 1993, and

abundance increased markedly following relatively increased 26% and 18% at Flats 2 snd 4 respectively
*

warm winters. Data from Hampton Harbor from the (NAI 1994 and NUS; NAl 1995).

past 15 years for the most part cu tv6 A their findings
(Figure 10-6) although there are exceptions. During In 1994, Flats 1 and 3 were opened to harvestind

the winters (January-March) when the minimum (Flats 2 and 4 remained closed) of all size classes of

temperature was relatively high (1983-1989), green clams on Fridays and Saturdays from September through

crab abundance in the following fall was also high May when less than 0.1 inch of cumulative rainfall
,

;
;

(Figure 10-6). In 1992, the minimum temperature was was recorded during the previous 5 days. The days-

10-10
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meeting these criteria were 7,8,14,15,21,22,and (Farley et al.1986). The incidence r4 sarcomatous -

]
28 October. The annual clam flat survey took place neoplasms in the Hampton Harbor Myu papale wasn

!
on November 1 through 3 after 7 days of recreational observed in October 1986 and February 1987 (Hillman

harvesting. Most of the recreational harvesting took 1986,1987). Neoplastic infecuons were more prevalent
2

} place on Flat I where approximately 1,000 elammers in February, reaching 6% at Flat I and 27% at Flat

were present on each of the Saturdays when the flats
2. Infections were absent from Flat 4. Assuming 100

;

| were open. Most clammers reached the 10 quart limit, percent mortality of infected clams (Farley et al.1986),

I ' especially on the first weekend (Nash 1994). No Flats I and 2 may have suffered substantialdisease-re-

1 accurate estimates of the number of clams harvested
lated reductions in clam production. In 1987, clam

i are available, but it appears that large numbers of clams - flat surveys indicated that juvenile and adult densities

were removed. Despite the heavy harvest of clams, fell by over 50% st Flat I and Flat 2, wil.le Flat 4
4

the effects of harvesting are not readily apparent in remained unchanged from the previous year. In
4

the 1994 clam survey data (Figure 10-8). The mean November 1989, fifteen large (>40 mm) clams were
i

densities in Flat 1 of most lifestages of clams in 1994 taken from Flat 2, and 80% had neoplastic cells
J

were similar to, or greater than the operational mean (venfied by DJ. Brousseau, Ph.D.; Fairfield University;

densities (Table 10-1). The total estimated standing Fairfield, CT). At Flat 4 during the 1990-1993 opera-

crop of adult clams at Flats 1,2 and 4 combined in tional period, adults >50 mm have more than tripled

November of 1994 increased slightly from the 1993 their y,eg..donal abundance in comparison to other

estimate to 113 bushels / acre, despite the opening of flats, which showed no increase (Table 10-1). The
.

Flat I to harvesting (Figure 10-7). Flat 4, which was absence of neaplasia may have contributed to these
-

not open to clamming, made the largest contribution spatial differences.

to the increase in adult clam density in Hampton

! Harbor. Density of adult clams in Flat 4 increased
to 2.2 clams / square foot in 1994 (Table 10-1) from 10.4 DISCUSSION

1.8 clams / square foot in 1993 (NAI and NUS 1994).!-

Density of clams on Flat I decreased slightly to 0.6 Since the Hampton-Seabrook estuary contains the

clams / square foot (Table 10-1) from 0.7 clams / square majority of New Hampshire's stock of the recrea-

foot in 1993 (NAI and NUS 1994) and density on Flat tionally-important soft-shell clam, an extensive sampling

2 increased to 0.3 clams / square foot (Table 10-1) from program was undertaken to characterize the variability

0.2 clams / square foot (NAI and NUS 1994). in the population for all lifestages.

Recruitment and survival of the soft-shell clam

10.3.5 Ef5 set of Disease population in Hampton Harbor is affected by a variety
of factors, including physical and biological factors,

Sarcomatous neoplasia, a lethal form of leukemia that must be considered in impact assessment.

in #pa arenaria, was identified in a limited number Recruitment from larvae to young-of-the-year is not

of individuals taken from Hampton Harbor Mya popula- well understood, but is apparently unrelated to the

tions (Hillman 1986,1987). Although the infection abundance levels of larval stages (NAI 1982).

has been observed in relatively pristine waters, the rate Successful young-of-the-year sets have occurred

ofinfecuon may also be c4anced by pollution-med.= tad throughout the preoperational period as well as during

deteriorabon of the environment (Remisch et al.1984). 1990 and 1993 (Figure 10 4, NAI 1994). Young-of-the-

. The infection rate in some Mya populations may reach year densities in 1994 were above the preoperational

100 percent with 100 percent mortality ofinfected clams (1974-1989) average only at Flat 1. Young-of-the-year

10-12
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SOFT SHELL CLAM MfYA ARENARIA)

densities for the operational period (1990-1994) were of the size classes greater than 25 mm. Flat 4

similar to the preoperational average at all flats (Table historically has been heavily used by recreational

10-3). In the near0 eld /farfield comparison study of clammers (NAI 1988), but was not open to clamming

1-12 mm clams, average densities during the in 1994. The most notable change in the clam

preoperational and operational periods were not population structure during the operational period was

significantly different (Table 10-3). a sharp increase of adult clams in Hampton Harbor,

primarily at Flat 4. The operational mean density of

Survival of the young-of-the-year set depends on clams increased sharply (3.6 times) over the preopera-

3. number of factors including the level of predation tional period of Flat 4, but was the same or slightly

and disease. The preoperational period includes the - lower at Flats 1 and 2. Flat 4 was also the only area

extremes of a " boom and bust" cycle of spat, and where historically no evidence of the lethal disease

juveniles in part dictated by a classic predator-prey neoplasia was detected.

relationship, at least for the smaller size classes. The

preoperational densities are elevated by the high Overall densities of adult clams in 1994 increased

densities that began in the mid-1970s and ended in the compared to 1993 over all flats, and were similar to

early 1980s, similar to trends noted in Maine and both preopemtional and operational densities at Flats

Massachusetts (Crago 1993). In 1991 and 1992, I and 2. Flat I was opened to harvesting in October

densities of spat and juvenile clams were lower than of 1994, and was quantitatively surveyed on November

the preoperational years, coinciding with a period of 1-3 after 7 days of harvesting. The effects of harvesting

high green crab abund.mee. Densities of spat in 1993 were not apparent in the survey, as densities of adult

and juveniles and spat in 1994 increased, which clams in 1994 were similar to 1993 densities, and

coincided with a period oflow green crab abundance. densities of juvenile clams, which were also subject

ne reasons for the recent increases in spat and juvenile to harvesting, increased in 1994 compared to 1993.

densities in 1993 and 1994 are complex, but probably However, the smallest increase in juvenile clam

include decreases in the abundance ofits major predator, densities occurred at Flat 1, which was opened to

green crab Carcinus maenus, a good set of young-of- harvesting. This apparent paradox may be partially

the-year in 1993, and the cumulative effect of the resolved by comparing the purpose and methods by

stoppage of clamming beginning in 1989. which the survey was taken with the purpose and
methods used by clammers to harvest the resource.

Another factor in the evaluation oflong-term trends Molluscs are usually highly clumped, often exhibiting

is human predation by clam diggers. Each digging a negative binomial distribution with a large number'

(with a 4-tined clam fork) causes a total reduction of
of arers with no clams, and a few areas with high

80% of the harvestable adults and 50% of the smaller numberr.of clams (Saila and Gaucher 1966). The clam

size classes (Medcof and MacPhail 1964). He number survey is designed to estimate the number of clams

of clam licenses sold dropped sharply beginning in in an entire flat, not just in areas of the flat that m .y

1977, coinciding with the reduced numbers of adults be good habitat. To accomplish this, suples ' vere

available to harvest (estimated bushels per acre). The randomly allocated to all parts of the clra flat,

decrease in clamming resulted in an increase in the including areas that may not be good clam habitat.

numbers of adult clams throughout Hamptu Harbor As an example,42% of the samples in the 1994 survey

(Figures 10-7,10-8). In 1989, the clam flats were contained no clams. In contrast, clammers want to

closed due to coliform contamination, and the estimated maximize their catch of clams. They will actively seek

standing crop genemlly increased through 1994. out only those areas where larger numbers of clams

Closure of the flats likely increased survival, particularly are present. Therefore, the removal of a large number

10-13
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TABLE 18-3. SUMMARY OF EVALUATION OF EFFECTS OF OPERATION OF SEABROOK STATION ON
SOFT-SilELL CLAM. SEABROOK OPERATIONAL REPORT,1994.

OPERATIONAL PERIOD SPAT!AL DIFFERENCES
SIMILAR TO PREOPERA- CONSISTENT BETWEEN OPERATIONAL

STUDY LIFESTAGE TIONAL PERIOD * AND PREOPERATIONAL PERIODS **

NEARFIELD (P2,PS)/ Larvae Yes Yes

FARFIELD (P7)

IIAMPTON HARBOR Young-of-year (1-Smm) Yes Yes

5
Spat (6-25mm) Yes Yes ;-

*

Juvenile (26-50mm) Yes Yes

Adult (>50mm) Yes Flat i Op= Preop
Flat 2 Op< Preop

Flat 4 Op> Preop

|

IIAMPTON llARBOR/ Young-of-year (1-12mm) Yes Yes

PLUM ISLAND SOUND

!

' Operational period for larvac = 1991-94; l >50 m size classes = 1990-94; preoperational period fer
larvae = 1988,1989; preoperational period for nearfield farfield = 1987-89; preoperational period forj
llampton llarbor = 1974-89; results based on Op-Preop term of ANOVA model, when Preop-Op x Area is not

;significant.
'Results based on interaction ierm (Preop-Op X Area) of ANOVA model and LS means multiple comparisons

'

|
at alpha s0.05.

1

!
[

- - .



. . . . _ . . . . . . . . - - . .. . . . . -- .. . . _ - . - - - . - . - .-. _.~ - . _ _ . - _ _ _ _ -
.

|

|

+ Closure of flampton liarbor to clam harvesting.

|

! |
:-

n

O

'%
, 39] q ;14

#

gAgh%
@ gh 2#l 'g '%

#4
G a g **1 ig,

%, %f Qp ;s
# ife

G.Of- STAI # 4#
you 525 8 q ,,,aty, ,,+ g , %

.

!3,3 ,.e U# ##D9.se** ,,A 4,r 4 ;i

>

I
!

r

!

Rgust 10-8. Annual mean log (x+1) density (number per square foot) of young-of the-year (1-5 mm), spat
(6-25 mm), juvenile (26-50 mm), and adult (>50 mm) Mya arenarfs at flampton liarbor Rat I
fre:n 1974-1994. Seabrook Operational Report,1994.
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SOFT tsEFLL CLAM (MYA AEFNARIM
,

,

|
of clams from a portion of the flat may have gone that affect it. Average seed clam (1-12 mm) density

I unhH in the survey. Attematively, clam during the operational period in Hampton Harbor |

j populanons in 1994 prior to the start of harvesting may
followed the same trend as that of a neighboring estu- |

have been at record levels, and the population was ary, indicating that Seabrook Station was not affecting |

reduced to historic levels by harvesting prior to the larval settlement (Table 10-3). In Hampton Harbor, |,

'

survey. Without a survey before the opening of the average spar dens ties from 1990-1994 at each flat were
<

clam flats, it is impossible to evaluate this altemative. lower than the gwri Jenal average. However, the
15-year preoperational period includes extremely i

;

| A factor likely to affect growth and survival of successful periods of clam recruitment and survival,

juvenile and adult clams was the presence of when densities ofits major predator were low, as well |

sarcomatous neoplasia, a lethal fbrm of blood cancer as periods of very low clam density, leading to a |

in the soft-shell clam. During 1986 and 1987, the significant difference in density among years. Given
,

1
i

incidence ofneoplasia in Hampton Harbor was restricted the high variability among years, and the complexity
,

to Flats 1 and 2 (Hillman 1986, 1987). Significant of factors affecting clam recruitment, there is no

increases in adult clam densities in the 1993 1994
indication that Seabrook Station has had a positive or [

operational period in comparison to previous years negative effect on the Hampton Harbor population.
,

occurred primarily at Flat 4, where neoplasia was
i,

apparently absent. Neoplasia is suggested as a cause
|

for declining catchesthroughout New England (Crago 10.5 REFERENCES CITED
;
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APPENDIX A. COMPARISONOF FIXED AND significant Station term indicates a difference between

! MIXED ANOVA MODELS the nearfield and farfield areas; by itself it does not
suggest a plant efect because the data span both the

'

preoperational and operational periods.

| 1.0 INTRODUCTION
I Le Preop-Op X Station term (interaction term) was

| Analysis ofvariance (ANOVA) is a narieical method the inost important term in the analysis, as it alone
' used in the Seabrook Environmental Studies Momtoring could indicate potential plant impact. The interaction

Program to determine whether.the operation. of. term would be significant if the relationship between

Seabrook Station has had any adverse effects on the stations for a given parameter, such as species densityi

local marine balanced indigenous populations. The or number of taxa, changed significantly between the
.

! ANOVA model used in the Seabrook Station monnormg preoperational and operational penods. The remaining

program was based on Green's (1979) Before-After, tenns, Year (Preop-Op) and Month (Year), were nested

Control-impact (BACI) principles. In the BACI model, terms that explained some of the temporal variation

samples are taken both before and after the pu'tative in the data and improved the fit of the model. The

j effect, and in both control and impact areas. In the error term included all the variation not explamed by

Seabrook monitoring program, the Before and After the model.
:

j terms are represented data collected during the
preoperational and operational time periods, and the The ANOVA developed by Green was a " fixed"'

1 Control and Impact terms are represented by data effects model, meaning each term in the model was

collected in nearfield and farfield areas. The advantage considered fixed. In a fixed effects model, the F-
,

of the BACI model is that p*aatia! impacts are statistic for each term is calculated as the ratio between<

indicated by the significance of the interaction term the Mean Square (MS) for the tenn and the Mean

of time (Before-After) and location (Control-Impact). Square Error (MSE) of the model.

1

i In 1993, after 2K years of plant operation, NAI

I The specific ANOVA model used was a randomized initiated an iaW-at review of the ANOVA model

i block design developed by Dr. Roger Green of the by Dr. Jay Genghan of Louisiana State University.

j University of Waterloo, Ontario, with the following He iE+T==-M that all "tirne" variables such as Year,

|
terms as sources of vananon: Proop Op, Staten, Preop- Month, Week be considered random effects. The

Op X Stanon, Year (Proop-Op), Time (Year), (e.g. week rationale for this approach is explained below. This

or month) and Error. The term Preop-Op had two change necessitated the addition of the term Station

levels: preoperational and oiwional. This term X Year (Preop) to provide the proper denominator mean4

compares data collected during the preoperational to square for calculation of the F-statistic for the ,

operational periods regardless of other sources of interaction term. The inclusion of both fixed and<

; variation such as Station. A significant Proop-Op term random factors in the ANOVA makes the model a

does not indicate a plant impact, but rather an area wide " mixed" effects model.

| trend at both the nearfield and farfield areas, where

; the farfield area is presumably beyond the influence Northeast Utilities Company (NUSCO), in 1994,

| of the plant. The Station term contains levels for each conducted another review ofthe fixed ANOVA model

j sampling station. This term compares data collected and came to essentially the same conclusions as

from the sampling stanons throughout the smdy period, Genghan (Lorda and Miller 1994). NUSCO recom-

i both preoperational and operational periods. A mended that both the " time" variables and Station be

A-1

1
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considered random variables because they represent work where a variable such as temperature can be

I all possible times of sampling and !=w of sampling. strictly controlled, and all temperatures within a range

Preop-Op should be considered fixed because there can be investigated. Random variables typify

are only two possible levels, preoperational and environmental sampling where an investigator may

operational, and both are represented. The use of both have little control over the variable being investigated,
p

J random and fixed variables makes the model a " mixed" and is using relatively small samples to describe a larger

effectsmodel.NUSCOalsor.x ==*/ heinclusion area or time period.t

! of the Station X Year (Preop) term in the model for
the same reason that Genghan presented. If time and location of sampling are considered

random, then the second modification, inclusion of the

In 1994, North Atlantic Energy Service Corporation term Station X Year (Preop-Op), is necessary. The

: (NAESCO) made a recommendation to the Seabrook
Station X Year (Preop) term provides the proper,

Ecological Advisory Committee (SEAC) to revise the denominator mean square for tesung the significance

j fixed effects model, based on the independent of the interaction term (Preop-Op X Station). SAS,

evaluations of the fixed effects ANOVA model, and the statistical package used in this case, provides this

the advice of its consultants, NAl and NUSCO. The calculation automatically when time and location of'

SEAC is a group of five regional university professors sampling are declared to be random variables.

who advise NAESCO about Environmental Studies
Program matters. De SEAC concurred .with this De mixed effects model is the more appropriate

, . . . .. . _L : - - NAESCO subsequendy m==M model ifwe wish to draw inferences beyond the exact

this change to the Technical Advisory Committee location and time of sampling. If time and location

(regulatory agencies) at its annual program review in of sampling are declared fixed, then the ANOVA model

December 1994. can only be used to draw inferences for the exact
location and time of sampling. Since the purpose of

'

There are few differences between the two models. the monitoring study is to characterne the entire

Principally, the mixed effects model assumes that nearfield and farfield areas for --~w periods of time,

sampling time (Year, Month or Week) and Station vari- the mixed effects model is clearly the appropriate

ables are random, while the fixed effects model asumes statisticaltool to use. Only infemnces drawn from the

that these variables are fixed. The trestruent of these results of the mixed effects analysis can determine if

variables as random is well es'ablishedin the statistical the operation ofSeabrook Station is affecting balanced
,

literature. Underwood (1994) states that " Locations indigenous populations in the nearfield area.

represent a random factor in the sampling design" and
cites Snedecor and Cochran (1967), Winer(1971) and The following is a comparison of the fixed effects

Underwood (1981). Winer (1971) used a vanable called
model (used in prior Operanonal Reports) and the mixed

the sampling fraction, defined as the ratio between the effects model used in the 1994 Operational Report. ;

number of areas or dates sampled and all possible A total of 98 ANOVAs were rerun treating time and

sampling dates or areas, to decide if a factor should locatxm of sampling as fixed vanables. De companson

be treated as random if this sampling fraction is small, between the mixed model and the fixed model is |
'

meaning that only a few of the total possible areas or tabulated for each section in the report. Only Preop Op,

times were sampled, then the variable should be Station, and the interaction term (Preop-Op X Station)

considered random. A variable is considered fixed are presented in the tabulation because these are the

if all possible times or areas were sampled. Fixed most important terms. In genemi, for most communi-

variables are more common in ldu.uy expenmental ties, the fixed effects model indicated more significant |

\
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differences than the mixed effects model, although however, neither model detected any significant

occasionally the mixed model detected significance differences for the interaction term.

that the fixed model did not. The addinonal significant

interaction terms may suggest that either additional '

potential impacts have occurred, or sipificant 4.0 ZOOPLANKTON
*

differences are indicated (statistically) where none has

actually occurred. This situation is known as Type Abundances of eight microzooplankton, one bivalve

II error, when the model suggests potential impacts larvae, five meroplankton and one tychoplankton taxa

from plant operation where none have occurred. De were analyzed with ANOVA(Tables A-3, A-4, A-5).

parameters for each significant interaction term were For nearly every microzooplankton, and macrozoo-

evaluated to determine whether a change to the hal==d plankton taxon, the fixed effects model detected an

indigenous population had occurred. The annual time additional significant difference between the preopera- |

series provided an historical context for comparison tional and operational periods, or among stations, than

ofthesignificanty.my .ional-sp..ionaldifferences, the mixed effects model. Neither model detected any

which enabled us to determine their biological significant differences for the important mteraction term

significance. for microzooplankton taxa or Myrilus edulis (Tables
A-3, A-4). In the macrozooplankton, the mixed effects
model detected a significant interaction for Calanus

2.0 WATER QUALITY ,(._ m.i.kisthat the fixed effects model did not detect
'

(Table A-5).~ This interaction is discussed in Section
A total of 11 water quahty p--.w were analyzed 4.3.3.2.

with ANOVA. The fixed effects (old) model de-'ad
more significant differences in the average parameter
levels between the preoperanonal and operanonal period, 5.0 FINFISH

and among stanons than the mixed effects (new) mixed

model(Table A-1). However, the fixed effects model Abundances of 20 larval and adult finfish were

did not detect any significant differences for the Proop- analyzedwith ANOVA. Aswith previouscommunities, ;

Op X Station interaction terms. The mixed effects the fixed effects (old) model d~ad more significant

model da==i a significant difference in the interaction differences in abundances between preoperational and

term for surface dissolved oxygen and this is discussed operational penods and among stations than the mixed

in Section 2.3.1. effects (new)model(Tables A-6 through A-16). Each
model detected significant Proop-Op X Station
interactions for three species. Of these,two, rainbow

3.0 PHYTOPLANKTON smelt and winter flounder in trawls, had similar results

using each model(Table A-7, A-15). He interaction

The fixed effects (old) model and mixed effects term was significant for American sand lance larvae

(new) model were in generalagreement for ANOVA density in the mixed effects model, but not in the fixed

results for the phytoplankton community characteristics effects model(Table A-13). This interaction ter.n is

and selected species abundance (Table A-2). For each discussed in Section 5.3.3.

of the five parameters, the fixed effects model detected

one significant difference (either between the The fixed effects model detected a significant

preoperational and operational periods or among interaction term for winter flounder in the estuary that

stations) whereas the mixed effects model detected none; was not significant in the mixed effects model (Table
.

A-3
|

|
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TABLE A 1. COMPARISON OF ANOVA RESULTS BETWEEN Tile NEW MIXED MODEL AN3 Tile OLD FIXED MODEL FOR
WATER QUALITY CllARACTERISTICS AMONG STATIONS P2, PS, AND P7 DURING RECENT
PREOPERATIONAL YEARS (1987-1989) AND OPERATIONAL (1991-1994) YEARS.
SEAllROOK OPERATIONAL REPORT,1994.

SOURCE OF
PARAMETER VARIATION * F FOR MIXED MODEL F FOR FIXED MODEL

(NEW) (OLD)

Surface Temperature Preop- 3.47 NS 383.44* "*

Station 45.0l* 45.17'"

Preop-Op X Station * O.91 NS I.02 NS*

Bottom Temperature Preop-Op 7.66* 714.55* "
- Station 21.72* 17.41* " ;

Preop-Op X Station 1.08 NS 0.82 NS

Surface Salinity Preop-Op <0.01 NS <0.0i NS
Station 1.89 NS 5.72 "

> Preop-Op X Station 2.86 NS 0.62 MS

b
Bottom Salinity Preop-Op 0.03 NS 2.10 NS

Station 9.47 NS 5.72 "
Preop-Op X 5tation 0.40 NS 0.62 NS

Surface Dissolved Preop-Op 4.05 NS 95.51* "
Oxygen Station 2.84 NS 6 66 "

Preop-Op X Station 8.72 " 2.44 NS

Bottom Dissolved Preop-Op 0.18 NS 29.62* "

Oxygen Station 4.27 NS 10.81* "
Preop-Op X Station 1.92 NS 2.57 NS

Osthophosphate Preop-Op 0.76 NS 23.68' "
Station 39.86* 72.75' "
Preop-Op X Station 0.08 NS 0.10 NS

Total Phosphorus Preop-Op I.73 NS 22.82 " *
Station 1.82 NS 1.92 NS

'

Preop-Op X Station 0.87 NS 1.08 NS

(continucil)

_ _ _ _ _ _ _ _ _
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TABLE A-1. (Continued)

SOURCE OF

PARAMETER VARIATION" F FOR MIXED MODEL F FOR FIXED MODEL .

(NEW) (OLD)
|

Nitrate Preop-Op 0.49 NS 36.78 " '

Station 34.62' 9.97'"

Preop-Op X Station 0.19 NS 0.30 NS

Nitrite Preop-Op 0.83 NS 7.94 "

Station 4.83 NS 4.65 "

Preop-Op X Station 0.48 NS l.01 NS

Anunonia Preop-Op <0.01 NS 0.17 NS

Station 4.88 NS 6.39"'

Preop-Op X Station 0.93.NS 2.88 NS

|
* Based on averaged monthly collections for all parameters NS = not significant (p 2 0.05)

| [ 'hcoperational years: 1987-1989 at each station for all parameters except ammonia. * = significant (0.05 2 p>0.01)

which was April 1988 tlwough December 1989
" = highly significant (0.012

p >0.00I)
*Preoperational versus operational period, regardless of station '" = very highly significant |

(0.0012 p)
dStation P2 versus PS versus P7, regardless of year

' interaction between main effects
|
|

|

!

.

|

|



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

:

*

1

TA.uLE A-2. COMPARISON OF ANOVA RESULTS BETWEEN THE NEW MIXED .

'

MODEL AND THE OLD FIXED MODEL FOR ABUNDANCES OF
,

TOTAL PHYTOPLANKTON, ULTRAPLANKTON AND SrFIFTONEMA
COSTATUM, AND CHLOROPHYLL a CONCENTRATIONS AMONG ;

STATIONS P2, P5 AND P7 DURING PREOPERATIONAL AND OPERA-
~

TIONAL (1991-1994) PERIODS. SEABROOK OPERATIONAL REPORT,
,

'
1994.

I i

SOURCE OF VARIATION F FOR MIXED MODEL F FOR FIXED MODEL
(new) (old);

i

PHYTOPLANKTON: P2 VS F7 (PREOP = 1982-1984; OP = 1991-1994)*
|

b 1.15 NS 49.66 " *
i Proop-Op 4.67 NS 3.43 NS '

,

Station'

j Preop-Op X Station 0.37 NS 1.00 NSC

i
CHLOROPHYLL a: P2, P5, P7 (PREOP = 1987-1989; OP = 1991-1994)

<0.01 NS <0.01 NSi Preop-Op
3.74 NS 3.13 NS 1

Station
Preop-Op X Station 1.17 NS 0.82 NS

1

;
SKELETONEMA COSTATUM: P2 VS. P7 (PREOP = 1982-1984; OP = 1991-1994)

4.53 NS 49.66* ",

Proop-Op
3.60 NS 3.43 NS,

Station .
Proop-Op X Station 0.69 NS 1.00 NS

f

! SKELETONEMA COSTATUM: P2 VS. P5 (PREOP = 1979-1981; OP = 1991-1994)

Proop-Op 9.54 NS 37.24* "

| Stanon 14.65 NS 2.70 NSs

,

Proop-Op X Station 0.14 NS 0.20 NS ;

ULTRAPLANKTON: P2, P5, P7 (Operational period only,1991-1994)

Year ' O.67 NS 8.02" *'

Station 0.92 NS 1.68 NS

Year X Station 1.82 NS 1.82 NS'

'ANOVA based on mean of twice-monthly collections Mar-Nov and monthly
collections Dec-Feb; only years when collections at these stations
were concurrent are includ'od; analyses include only years when al! 12

:
months were sampled.
riC4ional versus operational period regardless of station.'

' Inter $on between mam effects.

NS = not sipificant (o 2 0.05)1)
i

* = significant ,0.05'> 20.0

"" = veryl. sign (ificantighly signi cant (0.0012 p))" = highly 012 o >0.001
.

'

: )
i

*

e

4

4

A-6

.

. - . - . _ - . . ~ , , . - - - - - - , . - - , , ,



_ _ _ _ .
. . . .. . _ - -- . ._

TABLE A-3. COMPARISON OF ANOVA RESULTS DETWEENTilE NEW MIXED MODEL AND Tile OLD FIXED
3

MODEL FOR (X+1) TRANSFORMED DENSITY (NeJan ) OF SELECTED MICROZOOPLANKTONj
SPECIES AMONG PREOPERATIONALYEARS (1982-84) AND OPERATIONAL YEARS (1991-94) AND,

NEARFIELD (STATION P2) VS. FARFIELD (STATION P7) AREAS.
SEABROOK OPERATIONAL REPORT,1994.

SPECIES /LIFESTAGE SOURCE OF VARIATION * F FOR MIXED MODEL F FOR FIXED MODEL
(new) (old)

| Eurytemora sp. Preop-Op 3.05 NS 31.09 " *

copepodite Area 0.36 NS 0.47 NS
Preop-Op X Area 4.39 NS I.13 NS

! Eurytemora herdmani Preop-Op 3.89 NS 36.79 " *
adult Area 1.80 NS 1.59 NS'

| Preop-Op X Area 3.22 NS 0.86 NS

Psesulocalanus!Calanus Preop-Op 9.95* 68.17 " *
sp. nauplii Area 3.14 NS 1.08 NS

l Preop-Op X Area 0.53 NS 0.35 NS>

Pseautocalanus sp. Preop-Op 0.47 NS l.93 NS

1, copepodite Area 7.71 N S 0.43 NSy

! Preop-Op X Area 0.80 NS 0.06 NS

Psenulocalanus sp. Preop-Op I.07 NS 5.% *

adult Area 1.18 NS <0.01 NS
Preop-Op X Area 0.02 NS 0.01 NS

Oithons sp. Preop-Op <0.01 NS 0.03 NS

nauplii Area 327.81 NS 4.70*
Preop-Op X Area 0.07 NS 0.30 NS

Oithona sp. Preop-Op I.71 NS 30.18*"
copepodite Area 16.22 NS 4.70*

Preop-Op X Area 0.38 NS 0.30 NS

Oithona sp. Preop-Op 0.65 NS I1.33 " *
adult Area 1055.00 NS 2.44 NS

Preop-Op X Area 0.02 NS <0.01 NS

* Preop-Op = preoperational period vs. operational period, regardless of area
Arca = nearfield vs. farfield stations

Prcop-Op X Area = interaction of main effects

NS = Not Significant (P> 0.05)
* = Si nificant (0.05 2 P >0.01)
" = Il Idy Significant (0.012 P > 0.001)
* " = Ve liigidy Significant (P s 0.001)

- __ - - . _ _ _ __
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TABLE A-4, COMPARISON OF ANOVA RESULTS BETWEEN THE NEW MIXED MODEL
AND THE OLD FIXED MODEL FOR INTAKE (P2), DISCHARGE (P5) AND ,

FARFIELD (P7) WEEKLY ABUNDANCES OF MYTIEUS EDUIJS DLRING
|
'

PREOPERATIONAL(1988-1989) AND OPERATIONAL (1991-1994) PERIODS.
SEABROOK OPERATIONAL REPORT,1994.

SOURCE OF - F FOR MIXED F FOR FIXED

VARIATION * MODEL MODEL
(new) (old)

,

0.03 NS 4.69 NSPreop-Op
Station 3.21 NS 2.25 NS
Preop-Op X Station 0.97 NS 0.72 NS

* Preop-Op = preoperational period vs. operational period, regardless of area

Station = nearfield vs. farfield stations
Preop-Op X Area = interaction of main effects

NS = Not Significant (p> 0.05)
* = Significant (0.05 2 p >0.01)'

" = Highly Significant (0.012 p > 0.001)
"* = Very Highly Significant (p s; 0.001)

.

&

_
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TAHl.E A-5. COMPARISONS OF ANOVA RESUI.TS BETWEEN TIIE NEW MIXED MODEL AND TIIE 01,1) FIXED MODEI, FOR
ABUNDANCES OF SELECTED MACROZOOPE,ANKTON SPECIES FROM STATIONS P2, P5, AND P7 DtlRING'

PREOPERATM)NAI,(1987-1989) AND OPERATIONAI,(1991-1994) PERIGI)S.
SEAHROOK OPERATIONAI, REPORT,1994.

SPECIES * SOURCE F FOR MIXED MODEt, F FOR FIXED MODEI, -h

(new) (elet)

l.46NS 4.09' (Cohmusfinnuarchicus Preop-p*
copepodites Station 15.3 t NS 5.13 "

(January-December) Preop-Op X Station * 1.82NS 0.34 NS

Ceelanusjinetwchkus Preop-Op D.02NS 0.1i NS
adults Station 10.19NS 3.82*

(Jamsary-December) Preop-Op X Station 6.15' O.38 NS '

C<rcinus noenas Preop-Op 0.01NS 4.86 "
larvae Station 2.83NS 0.51 NS

(June-September) Pecop-Op X Station 0.3tNS 0.19 NS
y

fU Cumgon Preop-Op 0.32NS 2.14 NS

septemrpinosa Station 28.66* 18.08 " ' t

zocae ami post larvae Preop-Op X Station 0.60NS 0.66 NS
,

(January-December)
!

Neomysis americtuus Preop-Op 0.05NS 0.60 NS t

all lifestages Station 18433.00NS 59.97* " ;
'

(Jamsary-December) Preop-Op X Station 0.0lNS 0.01 NS

!

*llased on twice monthly sampling periods. ;

''Conuncreial operatiosi toegan in August 1990; 1990 data leR out of analysis to keep a balanced design in Ilie ANOVA procedure.
"Preoperational (1987-1989) versus operational (1991-1994) periods, regardless of station; 1987-1989 repects the period of time that
all thn;c stations were sampled coinculentally.

,

'' Station P2 vs. station PS vs. station P7, icgardless of year. *

' Interaction between main elTects. ;

!
NS = Not significant (p >0.05)

Siy,nifica,nt (0.05 2 p >0.01) ;* =

|hghly significaid (0.012 p >0.001)" =
*

Very highly significant (0.0012 p)'" -

~

.

r
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' TAllt,E A-6. COMPARISON OF ANOVA RESULTS HETWEEN TIIE NEW MIXED MODEt, AND TIIE OI.D FIXED

,

MODEL FOR ATLANTIC IIERRING DENSITIES HY SAMPLING PROGRAM. SEAllROOK -

OPERATIONAL. REI* ORT,1994.

>

PROGRAM / SOURCE OF VARIATION F FOR MIXED MODEL F FOR FIXED MODEL
MONTIIS USED (new) (old)

.

Ichthyoplankton Preop-Op* 7.75* 70.09' "
(Oct-Ikc) Station" 3.38 NS 0.90 NS

(1986-1994) Preop-Op X Station * 0.62 NS 0.79 NS
.

d
~

Gill Net Preop-Op 2.88 NS 128.06 " *
(Sep-May) Station 5.01 FS 1.53 NS

> (1976-1994) Preop-Op X Station 0.31 NS 0.43 NS

N

" Preop-Op compares 1990-1994 to 1986-1989 regardless of station.
'

" Stations regardless of year or period. ,

' Interaction of the two main effects, Preop-Op and Station.
d Preop-Op coinpares 1990-1994 lo 1976-1990, regardless of station.

NS = Not signiGcaid (p>0.05) ,

* = Signincant (0.052p>0.01) (
'

" = Ilighly significant (0.012p>0.001)
*" = Very highly significant (0.0012p) |

_ - - - - _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ - - _ - - - - - - _ - _ _ _ _ _ _
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TAllLE A-7. COMPARISON OF ANOVA RESULTS BETWEENTIIE NEW MIXED MODEL AND TIIE OLD FIXED MODEL FOR
RAINItOW SMElll' DENSITIES ItY SAMPLING PROGRAM. SEABROOK OPERATIONAI, REPORT,1994.

|
!

| PROGLAM/ SOURCE OF F FOR MIXED MODEL F FOR FIXED MODEL MULTIPLE COMPAltlSONS
MONTilS USED VARIATION (new) (old) OF ADJUSTED MEANS*

Preop-p*I Trawl 5.82 " 67.64 " *
(Nov-May) Station 1.44 NS - 4.29"'

(1975-1994) Preop-Op X Station * 4.65* 3.43' 2 Pre IPre 3 Pre !Op 20p 300

dSeine Preop-Op 0.02 NS 0.02 NS
(Apr-Nov) Station 6.75 NS 8.38 NS
(1976-1994) Preop-Op X Station 0.92 NS l.45 NS

* Preop-Op compares 1990-1994 to 1986-1990 regardless of station.

[ '' Stations regardless of year or period.
* Interaction of the two main effects, Preop-Op and Station.-

d Preop-Op compares 990-1994 to 1976-1984 and 1986-1989, regardless of station.
* timlerlining indicates that t-tests showed no signincant differences (cas0.05) among the imderlined least square means.

NS = Not signiGcant (p>0.05)
* = Significant (0.052p>0.01)

" = Ilighly significant (0.012p>0.001)
'" = Very highly significant (0.0012p)

!

*

,

!

.

%
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TAlli.E A-8. COMPARISON OF ANOVA RESULTS IRETWEEN TIIE NEW MIXED MODEL AND TIIE OLD FIXED MODEL FOR
ATLANTIC COD DEN 3ITIES IlY SAMPI.ING PROGRAM. SEAHROOK OPERATIONAL REPORT,1994.

1 PROGRAM / SOURCE OF YARIATION F FOR MIXED MODEL F FOR FIXED MODEL -

'

MONTIIS USED (new) (oki)

! Iclithyoplankton Preop-O 1.11 NS 3.82 NS
Station"p* 6.47 NS 0.93 NS

i (Apr-Jul)
(1987-1993,) Preop-Op X Station * 0.19 NS 0.14 NS ;

dTrawl Preop-Op 4.69* 98.49* "
(Nov-Jul) Station 36.71* 61.62 " *

(1975-1994) Preop-Op X Station 1.12 NS 1.85 NS

* Prcop-Op compares 1991-1994 to 1987-1990 regardless of station.
b Stations regardless of year or period.y

1 5 Interaction of the two main efTects, Preop-Op and Station. 1

N d Preop-Op compares 1990-1994 to 1975-1990, regardless of station.

t

,

NS = Not significant (p>0.05) '

* = Significant (0.052p>0.01)
" =- liighly significant (0.012p>0.00l)' ,

;"* = Very highly significant (0.0012p)
i;

!

i

t

t
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TAHLE A-9. COMPARISON OF ANOVA RESULTS DETV/EENTIIE NEW MIXED MODEL ANI) TILE OLD FIXED MOIDEL FOR
Pol I,0CK DENSITIFS RY SAMPI,1NG PROGRAM. SEARROOK OPERATIONAL REPORT,1994.

PROGRAM / SOURCE OF VARIATION F FOR MIXED MODEL F FOR FIXED MOI)EL ,

MONTilS tiSEI) (neew) (ohl)

Ichthyoplankton Preop-p" 2.51 NS 31.00* "
(Nov-Feh) Station 25.68* 3.41'
(1956-1994) Picop 90 X Station * 0.42 NS 0.13 NS

dGill Net Preop-Op 0.02 NS 0.08 NS
{.ty Dec) Station iS.61 NS 5.67' "
(1976-1994) Picop-Op X Station 0.28 NS 0.52 NS

,

y * Preop-Op compares 1990-1993 to 1986-1990 regardiess of station, i

@ 8' Stations regardless of year or period. I

* Inscraction of the Iwo nomin cliccts, Preop-Op and Station. ;
'd Picop-Op compares 1990-1994 to 1975-1989,5cgardless of station.

HS = Not significant (p>0.05)
* = Significain (0.052p>0.01)

" = liighly significant (0.012p>0.00l)
'" = Very highly significard (0.0012p)

4
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TABLE A-18. COMPARISON OF ANOVA RESULTS BETWEENTIIE NEW MIXED MODEL AND TIIE OLD FIXED MODEL FOR
IIAKE' DENSITIES DY SAMPLING PROGRAM. SEABROOK OPERATIONAL REPORT,1994.

PROGRAM / SOURCE OF VARIATION F FOR MIXED MODEL F FOR FIXED MODEL
MONTIIS USED (new) (ohl)

hIchthyoplankton Preop-Op <0.01 NS ' O.01 NS

(Jul-Sep) Station * 1.03 NS 0.75 NS
d

(1986-1994) Preop-Op X Station 0.98 NS 0.71 NS.

Trawl Preop-Op* 10.25 " 82.25 " *
6.52 NS 14.17 " *(Nov-Jul) Station -

(1976-1994) Preop-Op.X Station 3.27 NS 2.34 NS

* llake = red, white, ami spotted hakes.y
* b Preop-Op compares 1991-1994 to 1986-1989, regardless of station.-

* * Stations regardless of year or period.
d Interaction of the two main effects, Preop-Op and ! station.
* Preop-Op compares 1990-1994 to 1976-1990, regardless of station.

NS = Not significant (p>0.05)
* = Significant (0.052p>0.01)

" = liighly significant (0.012p>0.001)
"* = Very higidy significant (0.0012p)

.

s
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TAllt.E A-It. COMPARISON OF ANOVA RESUI.TS IIETWEENTitE NEW MIXED MODEL AND TIIE OLD FIXED MODEL FOR
ATLANTIC SILVERSIDE DENSITIES IlY SAMPLING PROGRAM. SEAHROOK OPERATIONAL REPORT,1994.

.

PROGRAM / SOURCE OF VARIATION F FOR MIXED MODEL F FOR FIXED MODEL

! - MONTilS USED (new) (old)
1

! Seine Preop-Op' 4.78 NS 0.02 NS
b(Apr-Nov) Station 0.12 NS 838"

(1976-1994) Preop-Op X Station * 0.19 NS 1.45 NS
.

* Preop-Op compares 1991-1994 to 1976-1984 and 1986-1989, regardless of station.
b Sh.tions regardless of year or period.
* Interaction of tiic two main effects, Preop-Op and Stesion.

?
"

NS = Not significant (p>0.05)
* = Significant (0.052p>0.01)

" = liigidy significant (0.012p>0.001)
"* = Very higidy significant (0.001;tp)

.

. _ _ _ _ _ _ _ _ . _ _ _ _ . . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . . _ . _ _ _ _ _ . _ . _ _ _ _ _ . _ . . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ .___ _ _ _ _ _ - _ _ , _ - _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ . _ _
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TAlli,E A-12. COMPARISON OF ANOVA RESULTS IlETWEENTIIE NEW MIXED MODEL AND Tile OLD FIKED MODEL FOR
CUNNER DENSITIES IlY SAMI' LING PROGRAM. SEAllROOK OPERATIONAL REPORT,1994.

PROGRAM / SOURCE OF VARIATION F FOR MIXED MODEL F FOR FIXEI) MODEL
'

MONTilS USED - (new) (old)

O.67 NS 12.72 "Ichthyoplankton Preop-p'
(Jun-Sep) Station 4.17 NS 0.66 NS

(19G1-1994) Preop-Op X Station * 0.66 NS 0.16 NS
,

* Preop-Op compares 1991-1994 to 1987-1989, regardless of station.
b Stations regardless of year or period.
* Interaction of the two main effects, Preop-Op and Station.

Y
~
m

NS = Not significant (p>0.05)
* = Significant (0.052p>0.01)

" = liighly significant (0.012p>0.001)
'" = Very highly significa :t (0.0012p)

.
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TAHI.E A-13. COMPARISON OF ANOVA RESUI TS HETWEENTIIE NEW MIXED MODEL AND TIIE OLD FIXED MODEI. FOR
AMERICAN SAND LANCE DENSITIES DY SAMPLING PROGRAM. SEADROOK OPERATIONAI, REPORT 1994.

PROGRAM / SOURCE OF VARI ATION F FOR MIXED MODEL F FOR FIXED MODEL
MONTilS IlSED (new) (old)

Ichthyoplankton Preop-Op* 0.69 NS 3.02 NS

(Jan.Aps) Station * 3.82 NS 5.19 NS

(1987-1994) Preop-Op X Station * 4.39' l.33 NS
_

* Preop-Op compares 1991-1994 to 1987-1990, regardless of station.
6 Stations regardless of year or period.

,

* Interaction of 5iec two main effects, Preop-Op anal Station.

Y
;,

| NS = Not significant (p>0.05)
* = Significant (0.052p>0.01)

*+ = liighly significant (0.012p>0.00l)
*** = Ve v highly significain (0.0012p)

,

G

1
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-TAHLE A-14. COMPARISON OF ANOVA RESULTS BETWEENTHE NEW MIXED MODEL AND THE OLD FIXED MODEL FOR
ATLANTIC MACKEREL DENSITIES BY SAMPLING PROGRAM. SEAUROOK OPERATIONAL REPORT,1994.

PROGRAM / SOURCE OF VARIATION F FOR MIXED MODEL F FOR FIXED MODEL
MONTIIS USED (new) (oki)

.

O.02 NS 0.1i NSIchthyoplankton Preop-p'
(Nov-Feb) Station 0.79 NS 0.13 NS

'

(1986-1994) Preop-Op X Station * 2.25 NS 0.09 NS
.

dGill Net Preop-Op 2.04 NS 20.95* "
(Apr-Dec) Station non-est." 2.47 NS

(1976-1994) Preop-Op X Station 0.07 NS 0.09 NS

* Preop-Op compares 1991-1994 to 1987-1949 regardless of station.
by Stations regardless of year or period.

E * Interaction of the two main ciTects, Preop-Op and Station.
d Preop-Op compares 1991-1994 to 1975-1989, regardless of station.
* Non-estimable due to negative denominator mean square.

NS = Not significant (p>D.05)
* = Significant (0.052p>0.01)

" = liighly significant (0.012p>0.001)
'" = Very highly significant (0.0012p)

:
i

4
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! TAllLE A-15. COMPARISON OF ANOVA RESULTS RETWEEN TIIE NEW MIXED MODEL AND TIIE OLD FIXED MODEL FOR WINTER
' FI.OUNDER DENSITIES RY SAMPLING PROGRAM. SEABROOK OPERATIONAL REPORT,1994.

PROGRAM / SOURCE OF F FOR MIXED MODEL F FOR FIXED MODEL MULTIPLE COMPARISONS OF
MONTIIS USED VARIATION (new) (ohl) ADJUSTED MEANS'

ichthyoplankton Preop-p' 4.83 '443 10.17'
(Apr-Jul) Station 8.73 NS 6.90'
(l!87-1994) Preop-Op X Station * 0.72 NS 0.76 NS

d '

Tr wl Preop-Op 1.01 NS 23.03 " '
(Nov-Jul? Station 1.40 20.09 " *
(1975-199-1) Preop-Op X Station 6.39 " 16.54* "

S:ine Preop-Op' 7.68' 57.85' "
(Apr-Nov Statica 7.90 NS 32.23* "
(1976-1994) Preop-Op X Station 2.19 NS 4.23' S3 Pre S2 Pre S3On SIPre Slon S2On

Y
G

* Preop-Op compares 1991-1994 to 1987-1990 regardless of station.
b Stations negardless of year or period.
* Interaction of the two main effects, Preop-Op and Station.
d Picop-Op compares 1990-1994 to 19751990.
* Pecop-Op compared 1991-1994 to 1976-1984 and 1986-1989.
I Umleilmmg segmfies no significant diffeiences among least square means at ps0.05.;

|
-

:

NS = Not significant (p>0.05)
* = Significant (0.052p>0.01),

| " = liighly significant (0.012p>0.001)
"* = Very highly significant (0.0012p)

i
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TAHl.E A-16. COMPARISON OF ANOVA RESULTS HETWEENTIIE NEW MIXED MODEL AND Tile OLD FIXED MODEL FOR
YELLOWTAILFLOUNDER DENSITIES HY SAMPLING PROGRAM. SEABROOK OPERATIONAL, REPORT,1994.

PROGRAM / SOURCE OF F FOR MIXED MODEL F FOR FIXED MOI)EI,

MONTIIS USED VARIATION (new) (ohl)
,

Preop-O 0.32 NS 1.34 NS
Station"p*Ichiliyoplankton

2.69 NS 0.73 NS(May-Ang) .
(1987-1994) Preop-Op X Station * 0.23 NS 0.31 NS

dTrawl Preop-Op 33.96 " ' 361.24* "*
,

(Nov-Jul) Station 71.17' 142.00* "

(1975-1994) Preop-Op X Station 1.29 NS 2.15 NS ;

.

* Preop-Op compares 1991-1994 to 1987-1989 regardless of station.

? * Stations regardless of year or period.
U$ * Interaction of the two main elTects, Preop-Op ami Station.

d Preop-Op compares 1990-1994 to 1975-1990.

NS = Not signincent (p>0.05)
* = Significaid (0.052p>0.01)

" = liighly significant (0.012p>0.001)
"' = Very highly signif'icant (0.0012p)

!

:

|

!
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COMPARISON OF FD D AND MD D ANOVA MODELS-

<

| A-15). Winter flounder CPUE in the seine decreased continuing into the operational period, CPUE at Station

at all stations between the y+ 4;onal and visicsel S3 decreased and became more similar to that at the

periods, but the decrease was greatest at Station S3 other two stations. In 1993 and 1994, CPUE at Station
<

(Figure A-1). CPUE at Station S3 was generally much S3 ranked second, the first time this has occurred since

higher than Stations S 1 and S2 during the preoperational 1976. The significant difference in CPUE is probably

i period, especially for the period 1978 through 1984 not due to Seabrook Station because the decrease at

(See Figure 5-19). However beginning in 1987 and Station S3 began prior to plant start-up.

; 1
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Figure A-1. Cwicss among stanons of the mean logio(X+1) CPUE (number per haul) of water
' flounder caughtbyseine durmg ther+4.onal(April-NmA 19761984;

1986 1989) aci operational penods (April 1990 -November 1994) for the significantd
;

interaction term (Proop X Station) of the ANOVA model (Table A-15). ;
#

Seabrook Operanons! Report,1994. |
-

|

6.0 MACROBENTHOS A-17, A-18). The interaction term for total intertidal |

biomass, signiilcant ur.dar both models, was discussed |

Analysis of variance was performed for ten in Section 6.3.1.

p--i. 5 genemted frc:a macroalgae colleenons from

the destructive monitoring program. There were no ANOVA results from the fixed model indicate that

significant Preop-Op or Station tenns for any of the the relationship between the average number of taxa

ANOVAs usinE the new mixed effects model. Using at the nearfield intake station (B16) and the farfield
,

the mixed effects model, one Preop-Op X Station station (B31) did not change significantly between the ;

f

interaction tenn was significant while three interacnons preoperational and operational periods. At discharge

using the fixed effects model were significant (Tables station B19, however, the mean number of taxa declined

A-21

.

_ . .
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TABLE A-17. COMPARISON OF ANOVA RESULTS BETWEEN Tile NEW MIXED MODEL AND Tile OLD FIXED MODEL FOR
2 2NUMBER OF TAXA (per 9.9625 m ) AND TOTAL BIOMASS (g per an ) OF MACROALGAE COLLECTED IN AUGUST

DESTRUCI'lVE SAMPLES AT INTERTIDAL, SHALLOW SUBTIDAL, AND DEEP STATIONS DURING PREOPERATIONAL AND
OPERATIONAL YEARS. SEABROOK OPERATIONAL REPORT,1994.

.

PARAMETER DEITII ZONE SOURCE OF F FOR MIXED d FOR FIXED MULTIPLE COMPARISON *
(STATIONS) VARIATION MODEL MODEL (RANKED IN DECREASING ORDER)

(new) (old)
'

Number of Taxa Intertidal Preop-Op' 4.40 NS - 51.05 " '.
b(IllMLW, B5MLW) Station 31.90 NS 95.84 " *

Preop-Op X Station * 1.66 NS 2.97 NS

Shallow Subtidal Preop-Op I.11 NS 3.89 NS
(1117 B35) Station non-est! 53.85 " *

.

Preop-Op X Station <0.01 NS 0.01 NS

& Mid-depth Preop-Op 0.30 NS 2.65 NS
O (Bl6, B19, B31) Station 5.54 NS 22.57' "

Preop-Op X Station I.81 NS 4.16' H31 Pre B310p B19 Pre 111600 B190o Ill6 Pre

Deep Preop-Op <0.01 NS 0.01 NS
(1104, B34, Bl3) Station 636 NS 5.80*

Preop-Op X Station 0.61 NS 0.92 NS

Total Iliomass intertidal Preop-Ori 2.60 NS 49.86* "
(BIMLW, B5MLW) Station 1.36 NS 11.64 " '

Preop-Op X Station 4.9 t * 9.03 " tilPre Il5 Pre 11100 B500

Intestidal Preop-Op 0.48 NS
(IllMLW, B5MLW) Station 3.97 NS *

Preop-Op X Station 0.98 NS

Shallow Subsidal Preop-Op 0.50 NS 2.04 NS
(Ill7, H35) Station 3.02 NS 1.56" *

Preop-Op X Station 0.43 NS 0.76 NS

(continued)

.
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TABI>t A-17. (Continned)

N
PARAMETER DEPTII ZONE SOURCE OF M FOR MIXED F FenrixEB MUtrictE coMcAniSoN'

(STATIONS) VARIATION MODEL MODEL (RANKED IN DECREASING ORDER)
(new) (old)

| Total Biomass Mid-depth Preop-Op 1.48 NS 8.30 "

| (Cont.) (Bl6, B19, B31) Station 12.61 NS 51.97 " *
Preop-Op X Station 2.29 NS 4.23' Bl6 Pre B160p B3IPrc Il310p B190p H19 Pre

,

i. Deep Preop-Op non-est! 7.60 "
(B04, B34, B13) Station 12.92 NS 14.30 " *

PreopOp X Station 0.34 NS 1.It NS

* Compares Preep to Op, regardless of station; years included in each station grouping (Op Years = 1990-1994 for all):
BlMLW, B5MLW: 1982-1994

'
Bl7, B35: 1982-1994

y Bl6, B19, B31: 1980-1984, 1986-1994

g '$tations within depth zone.
B04, B34, Bl3: 1979-1984, 1986-1994

* interaction of the two main effects, Preop-Op and Station.
MS = Not significant (p>0.05); * = Significant (0.052p>0.01); ** = liighly significant (0.012p>0.001); *** = Very liighly Significant (0.0012p).
CUnderlining indicates that t-tests showed no significant differences (use.05) among the underlined least squares means.
'Non-estimetable due to negative mean square denominator.

I,

l
r
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TAllLE A-18. COMPARISON OF ANOVA RESULTSIlETWEENTIIE NEW MIXED MODEL AND TIIE OLD FIXED MODEL FOR
3CHONDRUS CRESPUS DIOM ASS (g/ni ) AT INTERTIDAI, AND SIIALLOW SURTIDALSTATION PAIRS FOR TIIE

PREOPERATIONAL (1982 - 1989) AND OPERATIONAL (1991 - 1994) PERIODS. SEAllROOK OPERATIONAL
REPORT,1994.

d dTAXON DEPTil ZONE SOURCE OF F FOR MIXED F FOR FIXED MODEl
.

(STATIONS) VARIATION MODEL (new) (old)
'

Choentrus Intertidal *
Station"p*
Preop-O 0.26 NS 1.03 NS

118.27 NS 52.10 " 'crispus (Bl, DS)
Preop-Op X Station * 0.20 NS 0.65 NS

fShallow Subtidal Preop-Op 0.13 NS 0.01 NS
(1117, 1135) Station 18,259.00 NS 34.22* "

Preop-Op X Station 0.02 NS 0.01 NS
>
b " Preop-Op compares 1982 - 1989 to 1991-1994 regardless of station. The years selected are those during which each station within cach pairing

were sampled.
'' Station pairs nested within a depth zone: intertidal = DIMI,W, D5MLW; shallow subtidal = Bl7, D35, regardicss of year or period.
Sinteraction of the two main effects, Preop-Op and Station.
dNS = Not significant (p>0.05); * = Significant (0.052p>0.01); " = liighly significant (0.012p20.001); "* = Very highly significant (0.0012p).
* Data untransformed.
IData square-root transformed.

|

|
|
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|

| COMPAnf4ON OF FIXED AND MIXED ANOVA MODELS

i
.

significantly between the preoperanonal and operational is clearly evident in the preoperational period at a!!

periods (Figure A-2). The mean number of species stations. The parameters that showed a significant

collected at B19 increased between 1989 and 1993 difference at only one of the nearfield stations (B19,
.

(Figure A-3). The fixed effects ANOVA model run number of taxa; B 16 total biomass) had annual means'

from 1980 through 1993 showed no significant Preop- Juring ie operanonal penod that were within the range
,

| Op X Station interaction for the mean number of of previous years, suggesting natural fluctuations

taxafrom 1980 through 1993 (NAI and NUSCO 1994). unrelated to Seabrook Station. This conclusion is |'

The mean number of taxa at Sntion B19, as well as supported by the numerical classification results, which
|
; B16 and B31 dropped sharply in 1994 (the lowest to indicate that community structure has thus far remained (

date) contributmg to the significant Pisop.Op X Station m +=ge through the Operational period (Table 6-4).
i ,

'

interaction. A similar steep drop in munber of taxa
,

was observed at Station B19 between 1987 (when mean Eighteen ANOVA models were run for parameters ;

number of taxa was at its highest value for this station) ===iin the marine macrofauna sampling program. !,

'

!

and 1989. The fact that a similar trend was observed There was only one significant Preop Op X Station
,

j durmg the preoperanonal period, plus the fact that both interaction indicated by the mixed effects (new) model.

nearfield and farfield sianons showed similar decreases
The fixed effects (old) model indicated significant

i in 1994 suggests that the cyclical pattern observed at differences for five of the PreopOp X Station

B19 during the operational period is due to natural, interaction terms (Tables A-19, A-20).

local factors rather than the operation of Seabmok
;

Number of taxa in the shallow subtidal zone hadStation.
a significant Preop-Op X Station interaction term with

i
Mean biomass in the mid-depth zone decreased the fixed effects model that was not significant when

;

significantly at the intake and farfield stations (B16 the mixed effects model was used. Average number'

j and B31, respectively) between the preoperational and of taxa was higher during the operational period at the ;

operational periods, but remamed unchanged at the nearfield station B17 (Table 6-10, Figure A-6) in
'

'

| discharge station (B19) (Table A-17, Figum A-4). compenson to the average for the preoperanonal period. t

|
Biomass at Station B16 has been highly variable over Average number of taxa at the farfield station B35

: time (Figure A-5). Biomass declined between 1989 showed no significant difference between the

|
and 1992, but then meressed in 1993 and 1994. preoperational and operational periods. Examination

! Biomass at B31 has also been variable, and at times of annual means for the entire study period (Figure

I has shown an opposne trend from levels at Station B16. A-7) showed high year-to. year vanability, with nearfield 3

I

Biomass levels at Station B19 have been less variable numbers of taxa generally similar to those at the farfield

than at the other two stations; biomass at this station station from 1982 through 1988. Beginning in 1989,
,

has decreased since 1991, but there was no significant and generally continuing through 1994, the average !'

difference netween y..ey .donal and operational number of taxa at the nearfield station was elevated
,

periods As biomass at the discharge station, the in comparison to the farfield station. The significant

rmarfield station most likely to experience operational increase in number of taxa at the nearfield station is-

impacts on the benthos, has shown no statistically not biologically important for two reasons: the trend;

significant change during the operational period, there of elevated abundances at the nearfield station began

is likely no impact related to Scack Station. prior to plant operation, and numbers of taxa at both !
;

stations during the operational period are within the [
; '

] For both parameters (annual mean number of taxa, range observed during the preoperational period.

annual mean biomass) in the mid-depth mone, variability

4 >
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Figure A.2. Comparisons among stanons for munber of macroalgal taxa (per 0.0625 m ) in the mid.

depth zone durmg the pii,srM (1980 1984; 1986 1989) and operanonal (1990
1994) penods for the si. ;'- e mteraction term (Proop X Station) of the ANOVA

;

; model(Table A.17). MidOperatanalReport,1994.
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Figure A 3. Annual mean munbar of macroalgal taxa (per 0.0625 m ) at mid. depth stations
2

1980 1994. Seabrook cgm Report,1994.
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Figme A 4. CP- among stanons for the mean totalmacroalgal biomass (g per m ) in the

midM zone durmg the preoperational (1980 1984; 1986-1989) and operanonal
(1990 1994) penods for the sigi5 cant interactxm term (Proop.Op X Stanon) of the
ANOVA model(Table A.17). Seabrook Operational Report,1994.
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Figure A-5. Annual mean biomass (g per m ) of maaoalgae in the mid-depth zone 1980 1994.2

Seabrook OperanonalReport,1994.
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TACI.E A-19. COMPAI;tSON OF ANOVA RESULTS RETWEEN Tile NEW MIXED MODEL AND Tile OLD FlXED MODEL FOR
3 3

( NUMBER OF TAXA (per G.9625 an ) AND TOTAL DENSITY (per an ) OF MACROFAUNA COLLECTED IN AUGUST
AT INTERTIDAL., Sil AI.I.OW, MID-DEPTil AND DEEP SURTIDAL STATIONS 1978-1994. SEARROOK OPERATM)NAl. REPORT,1994.

PARAMETER DEPTil ZONE SOURCE OF Id FOR MIXED Id FOR FIXED MULTIPLE COMPARISON'

|
(STATIONS) VARIATION MODEL MODEL (RANKED IN DECREASING ORDER) ;

(new) (old)

Number of Taxa hetertidal Preop-Op* 3.62 NS 39.92 " *
b(BIMLW, B5MLW) Station 0.0't NS 0.07" *

Preop-Op X Station * 3.46 NS 3.62 NS
'

Shallow Subtidal Preop-Op 0.55 NS 3.15 NS
(1117, 835) Station 334 NS 1334" <

,

Preop-Op X Station 4.28 HS 4.47' Bl70p D17 Pre B35 Pre 113500 i

Mid-depth Preop-Op 0.83 NS 2.16 NS
(1116, til9, B3 8) Station 192.55 NS 61.97' " ,

y
A3 Preop-Op X Station 0.16 NS l.01 NS |

* 1

Deep Preop-Op 0.50 NS 1.63 NS ,

i

(1104, 1134, 1113) Statiog 7.50 NS 22.18' "
Preop-Op X Station 1.44 NS 2.62 NS

Total Density Intertidal Preop-Op 0.03 NS 0.29 HS

(IllMI.W B5Mt.W) Station 2.95 HS 1338"
Pacop-Op X Station 1.17 NS 4.94* BIPre BIOp B50p Il5 Pre ;

Shallow Subsidal Preop-Op 0.77 NS 4.74*
(1117, 1135) Station 32.05 NS 3.72 NS :

Preop-Op X Station 0.08 NS 0.12 NS

Mid-depth Preop-Op 0.14 NS 6.99 "
(1116, Bl9, B31) Station 2.79 NS 735"

Preop-Op X Station 1.46 HS 2.61 NS

(continued)

- . - _ - . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TAHl.E A-19. (Continued)

d
PARAMETER del"Til ZONE SOURCE OF d FOR MIXED F FOR FIXED MULTIPLE COMPARISON'

(RANKED IN DE. HEASING ORDER)C(STATIONS) YARIATION MODEL MODEL
(new) (eld)

Deep Preop-Op I.46 NS 23.50* "
(1104, D34. Bl3) Station 2.62 NS 12.60 " *

|
Preop-Op X Station 2.12 NS 6.57 '" Dl30p D340p Dl3 Pre D400 D34 Pre D4 Pre

|

|

* Preop-Op compares 1982 - 1989 to 1990 - 1994 regardless of station.
6Hearticid = Sessions tilMLW, B17. Bl6, D04, Bl3; fmfield = Stations 05Mt.W. D35, D31,034, regardless of yem/ period.
' Interaction of the two main effects, Preop-Op and Station.
NS = not significant (p>0.05); * = significant (0.052p>0.01); ** = liighly significant (0.012p>0.001); '" = Very highly significant (ps0 001).d

'thuleilining indicates that -tesis showed no significant differences (aso.05) among the underlined least squares means.

>

|
,

|

|

|
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i

TABLE A.20. COMPARISON OF ANO /A RESULTS BETWEEN Tile NEW MIXED MODEL AND Tile OLD FIXED MODEL FOR LOG-TRANSFORMED
DENSITIES OF SELECTEu BENTIIICTAXA COLLECTED IN MAY, AUGUST AND NOVEMBER AT NEAR- AND FARFIELD STATION PAIRS
(BIMLW/95MLW, B17/B35, B89/B31) DURING PREOPERATIONAL (1978 - 1999) AND OPERATIONAL (1991 - 1994) PERIODS.
SEABROOK OPERATIONAL REPORT,1994. .

TAXA * DEPTil ZONE SOURCE OF I* FOR MIXED F* FOR FIXED MULTIPLE COMPARISON'

(STATION) VARIATION MODEL MODEL (RANKED IN DECREASING ORDER)
(new) (old)

Mytilidae Intertidal Piv0p' 2.27 NS 16.28 " **

(<25 mm) (BI, B5) Statiosi" non-est.8 33.15'"
Preop-Op X Station * <0.01 NS 0.03 NS

Shallow Subtidal Preop-Op
' O.06 NS 0.93 NS c

(BI7, B35) Station 12.73 NS 29.32* "
Preop-Op X Station 0.91 NS 2.76 NS

h$ Mid-depth Preop-Op 0.04 NS DA4 NS-

.(B19, B31) Station lil A7 NS 4631"*

Preop-Op X Station 0.14 NS l.14 NS

Nucella Iqpillus Intertal Preop-Op OA4 NS 4.19'
(BlMLW, B5Mt.W) Station 35.27 NS 38.23* "

Preop-Op X Station 0.54 NS 0.76 NS ,

Asteriidae Shallow Subsidal Preop-Op 0.06 NS l.14 NS
!

(Bl7, B35) Station 77.67 NS 132.95' "
Preop-Op X Station 0.97 NS 5.14' Bl700 Bl7 Pre B35 Pre B3500

|

Pontogencia Mid-Depth Preop-Op I.26 NS sal' !

inermis (B19, B31) Station 14.23 NS 25.30* "
Preop-Op X Station 1.01 NS I A3 NS |

.Ausa marmerata Sliallow Subtidal Preop-Op 0.18 NS 1.26 NS

(Bl7, B35) Station 2434 NS 29.17 " *
Preop-Op X Station 0.67 NS 2.03 NS

i

'
,

(continued) ;

. . _ .
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TARLE A-29. (Continued)
4

TAXA * DEPTIE ZONE SOURCE OF Ii' FOR MIXED F' FOR FIXED MULTIPLE COMPARISON'
(STATION) VARIATION MODEL MODEL (RANKED IN DECREASING ORDER)

(new) (old)

Ampithoe rubricata insertidal Preop-Op 0.61 NS 87.47 " *
(BlMLW, B5MLW) Station 0.83 NS 134.15* "

Preop-Op X Station 20.18 " 120.0l* " B50p BIPre BSPre BIOo

Strwepfocerwrotus Mid-Depth Preop-Op 0.77 NS 4.94*
hoebochiensis (B19, B31) Station non-est.8 23.05 " *

Preop-Op X Station 0.01 NS 0.01 NS
i

lMocholms modiolus Mid-Depth Preop-Op 5.13 NS 31.69? "

(adults) (B19, 831) Station 0.37 NS 2.18 NS
Preop-Op X Station 0.93 NS 5.82*

0,

~ %gio (xt I) density, except for M. mediolms adults, which were sampled serni-quantitatively and therefore rank densities were used.
'

" Preop-Op compares 1978-1989 to 1990-1994 regardless of station. .

'

'Stagion pairs nested within a depth zone: Intertidal = nemfield (BIMLW), farfield (B5MLW); Shallow subtidal = nemfield (Bl7), fmfield (B35);
Mid-depth = nemfield (B19), fmfield (B31); regardless of Year, Station or Period. i

dinieraction of the Iwo main effects, Preop-Op and Station.
GNS = not significant (p>0.05); * = significant (0.052p>0.01); " = highly significant (0.012p>0.001); *" = very highly significant (ps0001).
' Underlining indicates that t-sests showed no significant differences (as0.05) among the underlined least squares means.
8F-vehee non-estimable due to a negative denominator mean square.
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Figure A.6. Compansons between shallow subtidal stations of mean ninhar of taxa (per 0.0625m )

during the preoperanonal (1978 1989) and operanonal (1990 1994) penods for the

si :f' =' < - .. term (Proop Op X Station)of the ANOVA model(Table A 19).

Seabrook OperanonalReport,1994.
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Figure A.7. Ammal mean munber of macrofaunal species (per 0.0625 m ) at shallow subtidal
2

stations,19821994. Seabrook OperanonalReport,1994.
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COMPAnfCON OF FDED AND MD2D ANOVA MODELS

Total density in the intertidal zone had a significant stations increased during the operational period. but

Preop-Op X Station interaction term with the fixed these differences were not sipificant (Table A-19,

efects model that was not significant when the mixed Figure A-10). Examination of annual means for the

effects model was employed (Table A 19). Average entire study penod (Figure A-11) showed high year to-

dansny at each station showed no significant difference year variability. Annual densities at Station 13 have

between the ymp4;onal and operational periods. been elevated in compenson to the other stations during )

However, average density at the nearfield stanon during the preoperational period (1988,1989) as well as during :

the preoperational period was significantly higher than the operational period (1992-1994). Typically, these :

at the farfield station (Table 6-10, Figure A-8). Durmg ire Li densities were the result of large sets of !

the operational period there was no significant barnacles, usually Balanus crenatus. In 1993, an

difference in average abundance between the two unusual set ofHiarella sp. contributed to the increased

stations. Examination of annual means for the entire
densmes. Community analysis revealed that community

study period (Figure A-9) showed high year-to-year composition during the years when densities were

variability, with nearfield abundances higher than those elevated was more similar to the mid-depth stations |
'

s the brfield stanon in some years. The lower average than deep stations. The difering trends in density in

density during the operational period at the nearfield the deep zone are not biologically important because

station was largely due to low density in 1991, which the average density at the nearfield discharge station '

was the lowest rocorded to date. Densityat the farfield has been elevated in the past as well as during the

station showed a similar decrease. In 1992-1994, operational period, due to increased numbers ofnewly

densities at both stations increased to levels similar settled barnacles, generally Balanus crenatur, along

to those observed preoperationally. In two of the four with the mollusc Hiatella sp. It is unknown whether

operational years, the nearfield station had higher small scale spanal variability in the substrate or .

'

densities than the farfield stanon, contmuing the diferences in the timing of settlement have caused these

preoperational trend. The differing trends in density differences. However, these variations in community

|
in the intertidal zone are not biologically important composition have been observed throughout the study

|
for two reasons: when average density at each stanon period. Therefore, these differences appear to be

is examined individually, there is no significant unrelated to the operation of Seabrook Station.

difference between the preoperational and operational

penods. Furthermore, the annual mean densmes durmg The density of Asteriidae in the shallow subtidal

the operational period do not show a consistent trend zone had a significant Preop Op X Station interaction

at the nearfield station that could be related to plant term with the fixed effects model that was not
oids. Average densmes at both sianons show high significant when the mixed effects model was employed

variability that, with the exception of 1991 at the (Table A-20). Average densay was significantly higher

nearfield stanon, are within the range of previous years. during the operational period at the nearfield station
B17 (Table 610, Figure A-12) in comparison to the

Total density in the deep subtidal zone had a average for the preoperanonal period. Average asteriid
*

-

significant Preop-Op X Station interaction term with densuy at the farfield sianon B35 showed no significant
,

difference between the , : operational and operationalI the fixed effects model that was not significant when r

the mixed effects model was employed (Table A-19). periods, although densities showed a similar trend to

Average density at the nearfield intake sianon B13 more the nearfield station. Examination of annual means

than doubled during the operational period in forthe entire smdy period (Figure A 13)showed highest

| comparison to the preoperational period. Average year-to year variability at the farfield station, with
'

I densities at the nearfield deep discharge and farfield nearfield densities consistently higher than those at the

!
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Figure A-8. C+h betweenintertidal stanons ofmean dennty Cogio(X+1)) of
macrofauna durmg the j,s+4asal (1978-1989) and operanonal (1990-1994)
penods for the sir:r = term (Preop X Stanon) of the ANOVA model
(Table A-19). SeabrookOperanonalReport,1994.
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Figure A.9. Annual mean dennty Gogio(X+1)) of macrofaunal speca at intertidal stations,
1982-1994. Seabrook OgMosalReport,1994.
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Figure A-10. O_- id=m= among deep :nbtidal stations of mean density Oosio(X+1)) of-

macrofauna durmg the prooperanonal (1978-1989) and operananal (1990-1994)'

penods for the =ip'- == term (Proop X Stanon) of the ANOVA model
(Table A 19). Sesbrook OperananalReport,1994.
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Figure A-11. Annual mean density Gosio(X+1)) of macrofaunal species at deep subadal stations, i

1979 1984. Seabrook Operati==1 Report,1994.
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Figure A.13. Annual mean density (logJX+1)) ofAsteriidae at shallow subtidal stations,

1982 1994. Seabrook OperadonalReport,1994.
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COMPAnMON OF FIXED AND MIXED ANOVA MODELS,

i |

| farfield station. Densities at Station 35 reached the
Average abundances ofone other species, Ampithoe

i lowest level to date in 1992, followed by a dramatic rubncara, had a significant Preop X Station interaction |
)

! increase in 1993 and 1994. While densities at Station term for the fixed effects model. nis interaction term

17 showed a similar trend, the differences were much was also significant for the mixed efects model, and
;

j less dramatic. He significant increase in Asteriidae is discussed in Section 6.3.2.2. |

density at the nearfield station is not biologically
important for two reasons: annual densities at the '

,

needield station were generally within the range of 7.0 SURFACE PANELS

j previous years, and year to-year variations at.the_
nearfield station were generally paralleled by those at Seven ANOVA models were run for parameters

; collected in the surface panels program. The fixed
the farfield station.;

effects (old) model detected significant differences for'

The density of Modiolus modiolus in the mid-depth two of the Proop-Op X Stanon interaction terms (Tables

subtidal zone had a sipificant Preop-Op X Station A 21, A-22). There were no significant differences

interaction term with the fixed effects model that was
detected for the interaction of Preop-Op X Station when

not sipificant when the mixed effects model was the mixed effects (new) model was used.

employed (Table A-20). Average density was

significantly lower during the operational period at the
Total noncolonial abundance and Mytilidae were .

!

nearfield station B19 (Table 6-10, Figure A-14) in the two parameters that had significant Preop-Op X

compenson to the average for the preoperational penod. Station interaction terms with the fixed effects model

Similarly, average M modiolus density at the farfield that were not significantwhen the mixed effects model |

station B31 showed a small but significant decrease was employed. These two p-m. . are related, since
'

durms the operational period. De significant Mytilidae is the most abundant taxon contributing to

mearacnon reflects the fact that during the preopersoonal total abundance. For both parameters, average

period, there was no significant difference in average
abundances showed a significant increase during the

density between the two stations, while average dansmes operational period in comparison to the preoperational

at the farfield station were significantly higher than period at Station B19, while there were no significant

those at the nearfield station during the operational differences in abundances between the two periods at

period. This was largely 1% result of a dramatic Station B31 (Figures A-16, A-17). Examination of

increase in average densny in IW at the farfield station annual means for the entire study period for both

coupled with a decline at the nearfield station. Prior parameters showed high year-to year variability, with

to 1994, the Preop X Station interaction tenn was not nearfield abundances paralleling those at the farfield

significant (NAI and NUS 1994). Examination of station. The trends in annual mean noncolonial

annual means for the entire study period (Figure A-15) abundances were reflected by those of Mytilidae

showed high year-to. year variability with no conastent (Figures A 18, A-19). Dunng the y,+4onal period,

relationship between the two stations.ne significant in most years, the annual abundances at Station B31

decrease at the nearfield station is not judged were higher than those at B19. Beginning in 1992,

biologically important as it is only an average of 3 annual noncolonial abundances as well as those of

mussels per m , or approximately 3% of the total. Mytilidae were almost identical between the two2

stations, but continued to show the high variability

observed during the operational period.
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TACI.E A-18. COMPARISON OF ANOVA RESUI.T3 BETWEEN Tile NEW MIXED MODEL AND Tile OLD FIXED MODEL FOR MONTlHX TOTAL NUMSER
OFTAXA.NONCORA)NIAL FAUNAL ABUNDANCE. TOTAL BH) MASS, ANDSELECTED SPECIES ABUNDANCEOR PERCENT FitEQUENCY
ON SIM)RT TERM PANELS AT MID-DEPTil STATION PAIR (B19 AND B38) DURING PREOPERATM)NAL (1978-1989) AND OPERATIONAL
(1991-1994) PERIODS. SEABROOK OPERATM)NAL REPOttT, l994.

PARAMETER STATM)NS S O U lt C E O F Id FOR MIXED Id FOR FlXED MULTIPLE COMPAltlS(W
VARIATION MODEL MODEL (RANKED IN DECREASING ORDER)

(new) (old)

Station"p"
Preop-O 1.68 NS 34.34* "Numiber of Taas B19,B31

51.92 NS 3.64 NS
Preop-Op X Station * 0.10 NS 0.28 HS

Honcolonial Bl9,B31 Preop-Op 0.74 NS 19.52 " *
faisnel abundance Station 0.18 NS 0.63 NS

Preop-Op X Station 4.26 NS 4.95* Bl90s B3100 B31 Pre Bl9 Pre

Biomass Bl9, B31 Preop-Op 5.79 NS 3.83 NS
Station 6.88 NS l.20 NSy

,

I -6 Preop-Op X Station 0.16 NS 6.26 NS
I

*
! Mytilidae B19,B31 Preop-Op 0.06 NS l.45 NS

Station 0.19 NS 0.62 NS
Preop-Op X Station 3.91 NS 4.50' Bl90s B31 Pre B3100 B19 Pre

i
!
'

. Ansa marmornia B19,B31 Preop-Op 1.63 NS 6.86 "
,

| Station 79.44 NS 8.56 " ;

Preop-Op X Station 0.11 NS 0.44 HS ;

Tehularin sp. 1189, Illi Preop-Op 0.25 NS 1.15 NS !

Station 22.19 NS 15.02 "
Preop-Op X Station 0.4l NS l.17 NS

"Picop.Op = 1991-1994 v. gwevious years (1978 84; July 1986-December 1989) "* = Very highly significant (0 0012p)
regardless of station ' Underlining indicates that t-tests showed no significant differences (as0.05) among !

" Station regardless of year or period the imderlined least squares means.
'' Interaction hetween snain effects Station and Preop-Op ;

'dNS =- Not significant (p20.05)
* * Significant (0 052p>0.01)
" - liighly significant (.012p>0.001)

,
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TAnl E A-22. COMPARISON OF ANOVA RESULTS DETWEEN Tile NEW MIXED MODEL AND TIIE OLD FIXED
MODEL FOR MONTIILY SEQUENTI AL PANEL HIOMASS AT Tile MID-DEPTII (Hl9,1131) STATION
PAIR DURING PREOPERATIONAI.(1978-1989) AND OPERATIONAL (1991-1994) PERIODS.
SEAHROOK OPERATIONAL REPORT,1994.

d dSOURCE OF F FOR MIXED F FOR FIXED
STATIONS VARIATION MODEL MODEL*

(new) (old)

0.01 NS <0.01 NSMid-depth Preop-p*
1119, B31 Station 0.48 NS 0.74 NS

cPreop-Op X Station 0.89 NS 0.13 NS

{ " Preop-Op == 1991-1994 v. previous years (1978-84; July 1986-December 1989)
bStation regardless of year or periodo

" Interaction between main effects
dNS= Not significant (.05>p)

* = Significant (.01<ps.05)
** = liighly significant (.001<ps.01)

*** = Very highly significant (ps.001)

.
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COMPAMRON OF FD D AND MIXED ANOVA MODELS

The biological importance of the increase in both affected both stations equally. In 1993 and 1994 in

average total abundance and abundance of Mytilidae the operational period, CPUE at the farfield station

at Station B19 during the operational period must be decreased to the lowest in the time series, while CPUE

put in the context of the annual trends. Annual mean remained steady but low at the nearfield station.

abundances at both stations have shown high anability

throughout the study period. Annual averages at the Jonah crab catches decreased sipificantly between

nearfield station during the operational period were the y-yer.tional and operational periods at Station

within the range of previous years. There was no L7, but there were no sipificant diferences at Station

evidence that total abundances.or abundances of Ll (Table A-23; Figure A-22). For the period 1982 i

Mytilidae were elevated at the nearfield station during through 1985, Jenah crab catches were generally similar

the operational period in a way that was inconsistent at both stations (Figure A-23). However beginning

with previous years, given the historical variability. in 1988, and continuing into the operational period, I
'

catches of Jonah crab at Station L7 paralleled L1, but

were much lower. The decline is probably not due

8.0 EPIBENTHIC CRUSTACEA to the operation of Seabrook Station because it began
before the staten became operational. J

!

Analysis of variance was performed for six species

and lifestages. The fixed effects (old) model detected .

more sipificant diferences between the preopseanonal 9.0 SOFT-SHELL CLAM (MYA ARENARIA) i

and operational periods and among stations than the
,

mixed effects (new) model(Table A-23). Most impor- Analysis ofvariance was used to assessthe potential ,

I

tantly, the fixed effects model da-ad significant plant effects on six lifestages of the soft-shell clam.

interaction terms for total lobster catch, legal lobster The fixed effects (old) model detected sipificant

catch, and Jonah crab catch. The mixed effects model differencesbetweenthepreope ationalandoperational [

|
also detected a sipificant interaction for total lobster periods, among flats, and the interaction of these main

.

,

catch and this is discussed in Section 8.3.1. effects for 1-5 mm,6-25 mm,26-50 mm and > 50 mm !

clams in Hampton Harbor (Table A-23). The mixed ;

|
According to the results of the fixed effects model, effects (new) model only detected a sipificant ;

j during the operational period there was a sipificantly interaction ofthe main effects for clams >50 mm, and

| greater decrease in CTUE at Station L7 compared to this interaction is discussedin Section 10.3.2. Neither

i Stanon L1 (Table A-23). Mean monthly CPUE durms model d--ad a sipificant interaction term for Mya

,
the operational perbi was 2.4 lobsters per 15 traps larvae, nor for the nearfield/farfield study.

;

at Station L1, and 1.9 lobsters per 1.i traps at Stanon'

L7, resulting in a difference between the two stations According to the fixed effects model, average density ,
-

!

of 0.5 lobsters (Figure A-20). Durmg the preoperanonal of the 1-5 mm size class decreased sipificantly between

period CPUE at both stations averapd 6.0. A mean the preoperational and operational periods at Flats 2

difference between stations of 0.5 lobsters (23%) per and 4, but not at Flat 1 (Figure A-24). This size class
i

15 traps may have been statistically sipificant may undergo an approximate three year periodicity

according to the fixed effects model, but probably had in abundance with peaks occurring in 1976,1980-81,

;. no biological sipificance. Legal-sized lobster CPUE 1984,1987,1990 and 1993 (Figure A-25). The highest
,

has declined steadily at both stations since 1982 (Figure densities of1-5 mm clams occurred in 1976 and 1980- i

A-21). Increases in the legal size limit in 1984,1989 1981 and have generally declined at all flats since the
i

and 1990 have comributed to this decline, but probably early 1980s(Figure A-25). Average annual densities
!

|A-43
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TAHLE A-23. COMPARISON OF ANOVA RESULTS HETWEENTIIE NEW MIXED MODEL AND TIIE OLD FIXED MODEL
FOR DENSITIES OF LOBSTER AND CANCER SPP. LARVAE COLLECTED AT INTAKE, NEARFIEI.D. AND

'

,

FARFIEI.D STATIONS, AND CATCllES OF TOTAL AND LEGAI SIZED t.OBSTERS,JONAll CRAll, AND ROCK
CHAM AT Tile NEARFIEI.D AND FARFIELD STATIONS. SEABROOK OPERATIONAL REPORT,1994.

SOURCE OF
SPECIES VARIATION * IA FOR MIXED MODEL F* FOR FIXED MODEL MULTIPLE COMPARISONS *

^

(new) (old) (ranked in decreasing order)

1.obster lasvae Preop-Op 8.64 * 43.53* "
(May-Oct) Station 0.45 NS 0.67 NS

Preop-Op X Station 2.18 NS 2.06 NS

lobster Preop-Op 4.12 NS 167.44 " *

(total catch) Station 1.iG NS 30.03* "
(Jun-Nov) Preop-Op X Station 5.31 * 25.22 " * 7 Pre i Pre 7 On 1 On

lobster Preop-Op 12.71 * 461.14 " *
Station 0.48 NS 3.29 NS>

k ((legal size) Pacop-Op X Station 1.75 NS 4.76* I.7 Pre idPte Llop L70pJun-Nov)

Camcer spp. Preop-Op 0.79 NS 2.17 NS
laivac Station 3.13 NS 0.83 NS
(May-Sep) Preop-Op X Station 0.14 NS 0.25 NS

Jonah Crab Preop-Op 0.15 NS 4.46'
(Jun-Nov) Station 5.32 NS I16.15 " *

Preop-Op X Station 1.95 NS 20.64 " * I.lon I.lPre I.7 Pre 1.70p

Rocle Crab Preop-Op 0.86 NS 14.44 "
(Jun Nov) Station 6.23 NS 6.78*

| Preop-Op X Station 0.32 NS 2.11 NS

* Preop-Op = Preoperational period (lobster and Cancer spp. laivae, ''NS = Not significant (p>0.05)
,

l all stations: 1988,1989; Adult lobster and crabs: 1982-1989); * = Significant (0.052p>0.01)
Opeintional period: 1991-94 regardless of station or inonth. " = 1hghly significant (0.012p>0.001)

!

Station = Station ditTerences (lobster and Cancer spp. larvae: P2, '" = Very liighly Significar.t (0.00l2p)
P5, P7; all others: Discharge (l.i') and Rye f. edge (L7)) regaidless * Underlining signifies no significant dif ferences (us0.05) among least
of year, month or period. Preop-Op X Station = Interaction of squares means with a paised t-test.
main effects.

-_ _ _ - ____- _ _ _ _ - - _ _ _ _ _ _ - - . _ _ _ - -.. - _- - . . -_ _-
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Figure A-23. Annual mean CPUE (no. per 15 traps) for Jonah crab,1982-1994.
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COMPARISON OF FD2D AND MIXED ANOVA MODELS
i |

! I
'

in the operational period were within the range of may be the primary causes of the observed differences
i

r. 5 4onal years suggesting that there was no effect in clam densir!es.

j due to the operation of Seabrook Station.
The operation of Seabrook Station has the potential

|
Average density of the 6-25 mm size class decreased

to affect soft-shell clam densities either througli ;

r s Monalandoperational entramment of larvae, or through cumulative impacts
i

significantly between the
,

r
periods only at Flat 4 (Figure A-26), Since Seabrook on spat and adults in the estuary (Section 1.0, Table

|
Station became operational in 1990, density of 6 25 1-1). Seabrook Station is not affecting farval densities f

,

mm clams has increased at all flats (Figure A-27). as shown by the non-significant interaction term for
;

The significant decrease in average density between both the mixed and fixed effects models (Table A-24).
-

the preoperational and operational periods is caused
Furthermore, iflarval entrainment resulted in reduced

1

by the exceptionally high densities that occurred in recruitment in Hampton-Seabrook estuary, it would

the preoperational period between 1976 and 1981, a be apparent in an area-wide decrease Clam density

1 factor that is unrelated to Seabrook Station's operation. for most size classes was highest in the late 1970s and

early 1980s. The decline from these peaks began in
'

) Average density ofthe 26 50 mm size class decreased
the mid 1980s and contmued into the operational period.

1 signif-*ly at Fists 1 and 2 between the preoperanonal
This decline cannot be attributed to plant operation

j and operational periods, while there was no significant because it began prior to plant start up, j
.

;

diL. .cc atFlat4(Figure A-28). Densitiesof26-50
|

mm clams were highest in 1979 through 1983, and

| generally declined until 1994, when densines at all three 10.0 DISCUSSION |;

!

|
flatsincreased(Figure A-29). Designificantdecline
at Flats 1 and 2 reflects the exceptionally high densities ne purpose of this study was to evaluate the use ,

';

! observed in 1979 through 1983. Average annual of two types of Before-After/ Control-Impact (BACI)

| densities during the operational period weis within the ANOVA or statistical models for the Seabrook |

i range of previous years and showed no trend that could
Environmental Studies monitoring program, ne

! be related to Seabrwk Station. objective of the monitoring program is to determine
if there has been any adverse impact to the balanced |

|
'

The observed trends in clam density in Hampton indigenous population in the vicinity of Seabrook

Harbor show no clear pattem among sit- classes and Station as a result of the Station's opemtion. The |j

flats. With the exception of clams >$0 tam at Flats models were evaluated in two ways: |
;

4 (see Section 10.3.2), average clam density either
appropriateness, given the study'sdecreased between the preoperational and operational -

;
periods or showed no significant differences. hypothesis, sampling design and charac-

teristics of the data collected
.

a

ne ANOVA results for juvenile and adult clam
effectiveness in detecting biologically j

densities reflect highly variable densities during the -

20 years study penod, where the preoperanonal averages
meaningful changes related to Station

were elevated by several years of exceptionally high operation*

I~ density. The differing trends among size classes and
|

j flats in Hampton Harbor seem to indicate that factors
|

j that may operate on smaller geographic scale such as
|

disease, harvesting and natural variations in settlement,
:

-
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A.49

- -- _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ ___ _ _ _ _ - _ _ _ _ _ - - - - _ _ - - _ - - _ _ _ _ _ _ _ _ _ - _ - _ _ _ - _



- - . . . . .. - -_ -. ,

:.

i

a

s.5 ,,
.....=S

,,. ~~--=4
i

' 'u
!

e
lil. " !
g 0 7- '

j Bu
*

|a ~~~~~__ -~~~__u
_~~~.j -u

E
@ o.a - ~ ---..-....................... ,,___,____

,

O.0
m m== ca -w

esmoo
1

1

Figure A.28. Compansons amoog flats of the mean logio(X+1) density of clams 26 50 mm
(munber per square foot) during the preoperational (1974 1989) and operational

;

|
(1990 1994) periods for the sip'- r interacoon tenn (Preop.Op X Area) of the
ANOVA model(Table A.24). h ,rc,ci Op.ikselReport,1994.

I

u. ,

.....S
u. .

i u,

84 Pr operemones oo==ames
,

1J4

1Aj

g i.44

-
2.8 - s

- s$4 ,

'N
'

na ,-
o.e / s

i....... k., -. s
'

iu. s

, -.
...

, , N. . . . .. . ..K. /- s ,,,. +.gom ..
. ... ...,

74 78 79 77 79 79 80 m SS OS 84 SS SS 87 SS OS 30 M SS SS Se
vaan

a
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TABLE A-24. COMPARISON OF ANOVA RESULTS BETWEENTIIE NEW MIXED MODEL AND TIIE OLD FIXED MODEL FOR MYA
ARENARIA LARVAL, SPAT, JUVENILE AND ADULT DENSITIES DURING PREOPERATIONAL AND OPERATIONAL
PERIODS. SEABROOK OPERATIONAL REPORT,1994.

F FOR F FOR
MFA ARENARIA SOURCE OF MIXED FIXED

6
LIFESTAGE STATION / FLAT VARIATION MODEL MODEL MULTIPLE COMPARISONS

(new) (old) (in decreasinat oeilerl

larvae * NEA RFIEl.D (P2, PS) Preop-gd 17.67 NS 14.0l "-

FARFIELD (P7) Station non-ests 1.13 NS
fPreop-Op X Station 0.02 NS 0.03 NS

IIAMPTON IIARDOR
6l-5mm 1, 2, 4 Preop-Op 0.60 NS 23.60* * *

n -of- Area 2.2 1 N S
23.17 ". . *. 4 Pre 2 Pre 2On 400100 IPrefl-yar Preop-Op X Area 3.07 NS 10.09

b6-25 mm 1, 2, 4 Preop-Op 0.24 NS 11.28 "
,

| > spat Area 23.44 NS 39.04* "
| o, Preop-Op X Area 0.47 NS 3.44' 4 Pre 40p IPre 100 2 Pre 200

~
b26 -50 mm 1, 2, 4 Preop-Op I.09 NS 79.67' "

juvenile Area 4.78 NS 62.60* "
Preop-Op X Area 1.76 NS 8.95 " * 4 Pre IPre 40p 2 Pre ion 20p

b>50 mm 1, 2, 4 Preop-Op 0.40 NS 41.53* "
adult, Area 1.22 NS I17.68***
legal Preop-Op X Area 31.94 " * 85.64 " * 4 Op i On I Pre 4 Pre 2 Pre 2 Op

NEARFIEl,D/FARFIELD
bl-12 mm llampton Harbor Preop-Op 2.44 NS 1.01 NS

Plum Island Sound Area 4.03 NS 6.1 l *
Preop-Op X Area 0.54 NS l.51 NS

' Larval comparisons based on weekly sampling periods, mid-April through NS = Not significant (p>0.05)
, October; where preop = 1988,89 and op = 1991-94. * = Si nificant (0.052p>0.01)

1974-89 and o 1990-94. For the * * = 11 y sigmficant (0.012p>0.001)
,

For llampton liarbor Survey preop =
and op =p =90-94.19 "*=V highly significant (0.0012p)Nearlield/Farfield Smvey preop = 1987-89

* Commercial operation began m August,1990, therefore the operational
period includes 1990 for spat,juvemies, and adults, but not for larvae.
" Operational versus preoperational period regardless of area.
* Station or flat, regardless of year or period.

i ' interaction of mam effects.
! 8F-value non-estimable due to a negative denominator mean square.

''Umlerlining signifies no significant differences among least square means'

at alpha s 0.05.
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COMPARISON OF FIXED AND MIXED ANOVA MODELS

,

Aporopriateness 1. A potential impact has occurred
,

A statistical method should be chosen prior to 2. An impact has actually not occurred, a situation
'

;

analysis based on the assumptions of the analysis, the
called the Type II error.

;

study hypothesis, the sampling decign, and data
characteristics. The statisticalmodel used in the 1990

The Type II error is difficult to measure (Sokal and

through 1993 Seabrook Operational Repons was termed
Rohlf1981). The fixed effects model, which was used

j a " fixed effects" model because all variables were
historically, identified 20 significant interaction terms

classified as fixed. The selection of the mixed model
of the 98 models tested; the mixed model identified

|

]
for the 1994 Seabrook Operational Report was based 8 (Table A-25). Each significant interaction term was

on independent reviews of the previously used fixed
evaluated in terms of the natural variability and long

effects model and recent biostatistical literature
term trends of the parameter tested. In no instance*

(Underwood 1994). This was done to stay current with ,did the trends related to the significant interaction terms
;

!
and utilize the most appropnate techniques in evaluating appear to be biologically meaningful. In almost all

j the monitoring results. The reviews suggested that cases, trends during the operational period at the

j the data collected in the Seabrook Monitoring Program
nearfield station were within the range of previous

more closely met the assumptions of a mixed effects years; funhermore, trends at the nearfield station

model than the previously used fixed effects model. generally paralleled those at the farfield stations. In

The mixed effects model treats station location and
many cases, trends occurring during the operational

: time penods as random variables, y . ave of more period were part of a long term cycle that began prior|

I than the specific times and places where samples were to plant operation. These results indicate that use of

collected. This " mixed" model allows the results to
the fixed effects model resulted in additional significant

be extrapolated over the time periods and areas that
interaction terms that, upon investigation, did not4 .

|
the samples represent. Therefore, the mixed effects

indicate an adverse effect from Seabrook Station; this,

|
model is the more .yy~ydm model to use to determine indicated a potentially higher Type II error with the

; potential impacts from the operation of Seabrook model. This result is consistentwith the use of a fixed

Station. In the fixed effects model variables related
effects model where conclusions can only be made

to time and space were considered fixed points, and about specific times and places. In no case did a
,

4

conclusions can be made only with regard to specific significant difference from either the fixed effects or
; the mixed effects model point to a deleterious effect
| times and locations.

on the local biological community as a direct result

|
of plant operations.

Effectiveness
.

ANOVA is a statistical tool used to help interpret
i

,

>

biological trends. The BACI model was specifically
designed to detect potential environmental impacts by

segregating one term, the Proop X Station (preopera-
tional-operational period, nearfield by farfield station)
interaction term. A statistically significant interaction

|
term can mean one of two things:

g
r

A-52#
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TABLE A-25. NUMBER OF SIGNIFICANT INTERACTION TERMS (PREOP-OP
X STATION) INDICATED BY THE MIXED EFFECTS (NEW) MODEL AND
THE FIXED EFFECTS (OLD) MODEL.
SEABROOK OPERATIONAL REPORT,1994.

REPORT SECTION NUMBER OF SIGNIFICANT NUMBER OF SIGNIFICANT
4

INTERACTION TERMS INTERACTIONTERMS

(mixed efects model) (fixed efects model)
!

2.0 Water Quality 1 0
;

3.0 Phytoplankton 0 0

4.0 Zooplankton
Microzooplankton 0 O

Bivalve Larvae 0 0

Macrozooplankton 1 0

5.0 Finfish 3 3
j,

6.0 Macrobenthos4

Macroalgae 0 2

a Macrofauna 1 6

i

7.0 Surface Panels 0 2
,

8.0 Epibenthic Crustaceans 1 3

1 4
10.0 Mya arenaria

TOTAL 8 20

,

A-53
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COMPARISON OF FDCED AND MDCED ANOVA MODELS
~

*
,
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. North Nortua-tic ta-sr s-i- cm or son

P.O. Box 300.

p,t Atlantic se.sroou, sa 038:4
.

.

(603) 474-9521
:

The Northeast Utilities System

NYE-95028
i

November 16,1995

i'
>

; Mr. Carl DeLoi
j New Hampshire State Program Unit :

1 EnvironmentalProtection Agency
John F. Kennedy Building
Boston,MA 02203

.

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

^

(b) North Atlantic Letter LIC-950192, dated October 11,' 1995, "1995 TAC
Meeting," J. M. Peschel (North Atlantic) to N. Prodany (EPA)

Subject: 1996 Seabrook Station Environmental Studies Program Modification

,

Dear Mr. DeLoi:
,

f North Athntic Energy Service Corporation (North Atlantic) has provided the enclosed technical

i review paper entitled, " Evaluation of Seabrook Station Surface Panels Program," for review by the
Technical Advisory Committee (TAC) pursuant to Part I, Section A.ll.c. of the Seabrook Station'

?
NPDES Permit [ Reference (a)]. The technical review paper provides an evaluation of the Surface Panels
Program and concludes that there has not been a significant impact to local marine fouling organisms

i
during the first 4% years of Seabrook Stati3n operation (August 1990 to December 1994). The purpose

;

of this technical review paper is to provide the basis for the elimination of Seabrook Station's Surface"

Panels Program once five years of operational data have been provided.i

,

The Surface Panels Program was initiated in 1975 to monitor the interaction of Seabrook Station;

i
and the local marine fouling community with two program objectives. The first objective was to identify .

the species which could settle on (foul) Seabrook Station structures (e.g. cooling water intake tunnel and
;

condenser) and impair their operability, while the second objective was to determine whether the thermal
,

- plume from Seabrook Station would have an impact on the fouling community.
;

,

4

De first program objective was demonstrated in that potential fouling organisms were identified
prior to the 1 eginning of Seabrook Station operation (August 1990) and as result, station structures and
operational considerations have been designed accordingly. Seabrook Station currently maintains an in-
station Fouling Panels Program that assesses changes in fouling potential and provides data necessary to.

maintain an effective fouling control program by continuous low level chlorination. ,-

!

The enclosed technical review paper concludes that the second program objective, with respect
'

to showing that the thermal plume has not had a significant impact on the fouling community, has been
'

,

demonstrated after nearly 4% years of Station operation. In fact, the Surface Panels Program results can

;

,

+
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Environmental Protection Agency November '16,1995
Attention: Mr.CarlDelei Page two

,

be considered to be conservative, in that the surface panels (themselves an " artificial surface") are
located closer to the thermal plume than any naturally occurring surface (such as the Outer Sunk Rocks
studied through the Marine Macrobenthos Program).

,

North Atlantic believes that other studies included in the Marine Macrobenthos Monitoring
Program will continue to provide an adequate database for the assessment of impacts to naturally '

occurring hard-bottom benthos. Therefore, North Atlantic requests approval to terminate the Surface
Panels Program at the end of 1995, when nearly 5% years of operational data will have been collected.
The 1995 Surface Panels Studies Program results and the five year evaluation will be submitted as a
separate report in early 1996.

North Atlantic plans to discuss the above-mentioned program modification at the 1995 Technical
Advisory Committee (TAC) Meeting which is scheduled to be held in the Seabrook Station Science &

- Nature Center at 9:00 a.m. on Wednesday, November 29,1995 [ Reference (b)).

Should you require additional information regarding this matter, please contact Mr. James M.
Peschel, Regulatory Compliance Manager, at (603) 474-9521, extension 377

,

Very y yours,
&

rV &
'

i

Bruce . Drawbridge
Executive Director- Nu Production

.

BLD/ RAS:sm

Enclosurc

'

,
i

f

i

4

i

>
'
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Environmental Protection Agency November 16,1995
Attention: Mr.CarlDeLoi Page three

|

cc with enclosure:
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Dr. Edward Schmidt COMMITTEE. i

NH Dept. Of EnvironmentalServices !

Water Supply & Pollution Control Div. Dr. John Tietjen, Chairman !
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Conconi,NH 03302 Leonia,NJ 07605

Mr. Jeffrey Andrews Dr. W. Huntting Howell
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6 Hazen Drive Dr. Saul Saila
Concord,NH 03302 317 Switch Road

Hope Valley,RI 02832
Mr. Roben Estabrook
NH Dept. Of Environmental Services Dr. Bernard J.McAlice ,

Water Supply & Pollution Control Division Darling Manne Center

6 Hazen Drive University of Maine
Concord,NH 03302 Clarks Cove Road

Walpole, ME 04573

Mr. John Nelson
NH Fish and Game Department Dr. Robert Wilce |
37 Concord Road Department of Biology
Durham,NH 03824 221 MorrillScience Center

University of Massachusetts |

Mr. Nicholas Prodany Amherst,MA 01003 |
iPermit Compliance Section

Environmental Protection Agency |
'

John F. Kennedy Building NORMANDEAU ASSOCIATES
Boston,MA 02203

Ms. Marcia Bowen

Mr. Jack Paar Nonnandeau Associates,Inc. )
EnvironmentalProtection Agency 38 Lafayette Street |

60 Westview Street PO Box 202 !
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Mr. Eric Nelson Mr. John Shipman

National Marine Fisheries Service 25 Nashua Road
Northeast Region Normandeau Associates
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Gloucester,MA 01930 i
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|
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Evaluation of Seabrook Station Surface Panels Program
7

i

Introduction
.

Use of artificial substrata (e.g., exposure panels) can be an effective expenmental method to

study marine benthos that occur on hard surfaces. Standardized substrata (size, material and surface
.

texture, depth and orientation in the water column) are intended to simulate natural hard surfaces,

while removing factors such as surface heterogeneity and orientation that produce variability

naturally associated with the colonization of submerged surfaces (Osman 1977,1982; Sutherland

and Karlson 1977). The capability of deployment at desired locations ensures that panels and the

developing fouling community are exposed to the desired degree of the stress of interest (Brown

and Moore 1977; Schoener 1982) The ability to take avp-d panels to the laboratory permits
i

closer examination than is possible in the field (Cairns 1982). Therefore, when appropriate,

exposure panel studies have been incorporated into many environmental monitoring programs
"

(Cory and Neuman 1%9; Hillman 1975,1977; Osman et al.1981; NUSCO 1987; NAI 1995a).

The surface fouling panels program at Seabrook Station was initiated in 1975 to monitor the

interaction of the power plant and the local marine fouling community. This program was designed

and implemented with two objectives. One objective was to demnina the composition and

characteristics of the local fouling community, identifying species that could settle on power plant

structures and impair their operability. The second objective has been to determine whether the :

operation of Seabrook Station affects p.r-us of fouling specie < cJement and community

development. The Seebrook Station condenser cooling water discharge could potentially impact

the local fouLg comrounity in several ways. Alteration of water circulation pattems around

nearby hard surfaces could affect abundance and species composition of available colonizers.

Elevated temperature conditions could further impact the exposed fouling community by affecting -

rates of recruitment and growth of those organisms which do successfully settle, changing long-

term pa*amn of successional' development. Finally, the power plant discharge could affect the

distribution or behavior of motile grazer and predators that are important structuring factors in the

I

1 I
\
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.

fouling community. The purpose of this report is to evaluate the cunent surface panels program,

determine how well the program has addressed its two objectives after 20 years of study (includmg

4% years of Seabrook Station operation, August 1990 - December 1994), identify any redundancy

with other aspects of the monitoring program (such as the marine macrobenthos studies), and ,

!

detennine if any questions remain that would merit continued surface panel monitoring.

|

|

:

Review of Methodology

The sampling methodology and data analyses used in the surface panels program were

designed to focus on key aspects of the fouling community (e.g., community parameters, selected

taxa) at sites deined to be most likely impacted by Seabrook Station operation. A synopsis of

the historical development of this program was presented in NUSCO (1993). :

!

Fouling panels (10,2 cm x 10.2 cm roughened plexiglas plates bolted to pine blocks of

equal size) were deployed at two stations: B19 in the nearfield area near the discharge and B31 in

the farfield area (Fig.1). Panel depths below the surface ranged from 3 to 6 m, depending on the j

tidal stage. Collections at these stations have been made monthly from 1978 to 1984 and July 1986 |

through 1994. Several panel exposure strategies have been employed in the program. Short-term i

(ST) panels were deployed monthly for one-month exposure periods over the sampling year (Jan-

Dec). All monthly sequential (MS) panels were deployed at the beginning of the year, and panels
'

were collected monthly, resulting in increasing exposure periods from one to twelve months. Two
'

replicate ST panels and one MS panel were collected monthly at each station. Additionally, based

on a previous evaluation (NUSCO 1993), a quarterly sequential (QS) panel program was initiatedI

in the beginning of 1994 as a possible improvement and/or replacement of the MS panel program,

i The new QS panels have provided the sample replication needed to assess within-station

variability. The two QS panels collected every three months (March, June, September, December),

i together with the MS panel collected in those months, provided three replicates for the 3 , 6 , 9 , i

and 12-month exposure periods. Laboratory processing of panels consisted ofidentification of taxa |
'

t |

|
*

,

|

2
4
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and numerical abuMance determination, dry-weight biomass, and length measurements for random
,

samples of dominant taxa Mytilidae and Jassa marmorata.

Multiway analyses of variance (variables Preop-Op, Year, Station and Month) were used to

compr e fouling community pattems of settlement (based on species richness, total abundance,
.

biomass and abundance of selected taxa on ST panels) and development (biomass on MS panels)

between preoperational and operational periods. A mixed-effects ANOVA model (NUSCO 1994)

based on the Before-After/ Control-Impact (BACI) model (Stewart-Oaten et al.1986; Underwood

1994) was used with all effects considered random except operational status (Preop-Op). A

significant interaction term (Preop-Op X Station) was investigated by comparing least-squares -

estimates of means with a paired t-test. Paired t-tests were also used to compare

preop donal/ operational period differences in biomass, number of taxa and abundance on surface

panels exposed for one year, and differences in average annual lengths of Mytilidae and Jassa

marmorata betcas nearfield and farfield stations. Further details of sampling m'ethodology and
'

data analyses are pmvided in NAI (1995a).
.

i

Summary of Study Results and Couelusionsj

Information critical to aaeament of fouling community impacts related to Seen :

Station operation includes extensive physical and biological data. Hydrodynamic modely.

conducted prior to plant start-up to predict the areal extent of the thermal plume under various
,

| meteorological and marine current regimes, iMiW considerable dilution of thermal effluent once

) the plume reachad surface waters in close proximity to the discharge (AT -3 4'F ), and that furth *t

dilution (AT s2*F ) at the surface would occur within relatively short distances (0.5-1.0 km) from

j the discharge area (Teymandier et al.1974). Conclusions from subsequent field validation studies,
:i

conducted after SAvok Station began operation, were consistent with the above predictions, and.

: estimated the area within the 3 F AT isotherm to be a relatively small 32 acres of surface waters

near the discharge (Padmannhhan and Hecker 1991). Based on both studies, surface panels at the

i nearfield B19 f.tation are exposed to a maximum AT of ~3* F (Fig. 2). Temperature increases at

3

;

._
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the nearest potentially-exposed natural hard substrate habitats were <l'F (i.e., at the intertidal and
'

shallow subtidal sites near the Outer Sunk Rocks monitored through marine macrobenthos studies

(NAI 1995b)).
.

; Analyses of biological data collected during the surface panels program have shown

i consistent pattems of fouling species settlement and community development over the entire study
'

period, including the first four years of Seabrook Station operation (NAI 1995a). Assessment of:

j! seasonal settlement pattems was based on results of the short-term (ST) panels study. While

ANOVAs indicated significant differences among months and years, and between stations for ;

community indices (total abnadance, no. of taxa and biomass) and abimd-~ of dominant taxa,

'

1 (Mytilidae, Jassa marmorata and Tubularla sp.), none of these relationships supported the

hypothesis of a power plant impact; i.e., in all cases, the interaction term Preop-Op x Station was'

not significant(Table 1). ,

J

Annual development of the fouling community was assessed through analyses of monthly

sequential (MS) and quarterly sequential (QS) panel data. Seasonal abundance paname of selected,

taxa on MS panels were similar between preoperational and operational years. Statistical analysis'

i of community indices on MS panels (Table 1) did indicate a significant Preop-Op X Station
:

i interaction in one instance (no. of taxa); however, this result (i.e., an increase during the operational
.

! period at the nearfield station, with no difference at the farfield station), taken in context with the

| between-periods similarity of all other study parameters, does not mysat a biologically

significant change. Results of the QS panel study in 1994 were consistent with MS panel results,
,

and through panel replication, provided information on within-station variability. For most

parameters analyzed (biommen, abimdance of selected taxa), variability within a collection was qidte

; high, particularly during peak periods (NAI 1995a). Similar variability has been documented in

other studies (e.g., Brown and Moore 1977), and may explain some of the differences noted in the ,

;

MS and ST programs where fewer replicates were used. Based on the overall results of surface
,

l panel and hydmb al studies, there is no evidence that Seabrook Station operation has impacted
,

thelocal fouling community.
4

e

4 ,

I
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:

Program Evaluation and Recommendations 1

;

After nearly 20 years of surface panel studies, including 4% years during Seabrook Station

operation, sufficient physical and biological data have been gathered to evaluate the program in

terms of its original objectives. Ample information is now available to characterize temporal |

I
settlement pattems of the dominant organisms that comprise the local fouling community, and none;

have demonstrated the ability or potential to impair the operability of the power plant. Current |

biofouling control measures of intake systems (i.e., chlorination) have been effective, as no

operational problems related to biofouling has occurred over the five-year operational period.

The already very large database provides the supporting evidence neces=y for effective

impact assessment. Analyses of both physical (hydrothermal studies) and biological (surface panel;

'

and marine macrobenthos studies) data reach similar conclusions: environmental conditions in the ,

! vicinity of Seabrook Station discharge continue to allow a M=~A indigenous fouling' community

to colonize and develop on nearby hard surfaces, with no evidence of power plant effects.

Moreover, the surface panel program was crucial in deriving this conclusion. Results from surface

panel studies can be considered conservative (more ' worst-case'), because as the field thermal

) plume data (Padmanabhan and Hecker 1991) show, the nearfield study site B19 (and panels) is
:

|
more exposed to the discharge thermal plume than any naturally occurring hard substrate habitats

i (such as those studied through the marine macrobenthos program at the Outer Sunk Rocks). Thus,
:

the fouling community on surface panels would more likely have reflected impacts from the'

) thermal plume, if they had ever occurred. After 4% years of Seabrook Station operation, no such

|. impacts have been detected.

Based on this evaluation, surface panel studies have fully met their original objectives, and
!

2

| continued monitoring would not provide new information on the local fouling community or

change any conclusions regarding impacts. Other studies included in'the marine macrobenthos
:
; monitoring program would continue to provide an adequate database for assessment ofimpacts to

i naturally occurring hard-bottom bentbos. In fact, many of the same important taxa and community .

!

p-enes as those monitored in surface panel studies are already monitored in the manne

macrobenthos program (Table 2). Furthermore, a methodology similar to that employed in the
,

:

d

5 !
,

i
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<

!

4 surface panel program is used in the bottom panels program. Triannual (three 4-month exposure

periods) and long-term (1-year exposure period) panels are deployed directly on naturally occurring

hard surfaces near the discharge and in the farfield area, including the surface panel stations B19.

and B31. Therefore, the surface panel program, after fully mMag its objectives, now only

duplicates the work that other programs already carry by monitoring attached hard-substratei

communities in potentially impacted areas. We recommend that the surface panel studies program
.

be discontinued after the 1995 sampling period (fifth full year of operational data) is completed.

,

;

!
!
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Table 1. Summary of evaluanon of discharge plume effects on the fouling community in the vicinity of Seabrook
; Station. From NAl(1995s).

NEARFIELD-
FARFIELD'

OPERATIONAL DIFFERENCES
PERIOD SIMILARTO CONSISTENTWITH;

COMMUNITY PARAMETER * PREVIOUS YEARS PREVIOUS YEARS 7*

Fouling community: Abimdaare yes yes

Settlement' No. of tau yes yes

Biomass yes yes
.

Fouling community: Biomass yes yes

Development'-

Fouhng community: Abundmar* yes yes

Development year end' No. of taxa no NF:Op> Preop
,

: FF:Op-Preop

Biomass yes yes

Fouling community: Mytilidas yes yes
' Mid Jassa murnomra yes yes

Tubulaiasp. yes yes

* AW number of taxa, biomans, total density, and Sequency of occurruoce evaluated using ANOVA or t-test
.

* NF = nearfield, FF = farfield.
* Sentamant = short-term panels; development = monthly sequennal panels; year cod = one year exposure period.
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;

Table 2. A summary of community parameters and selected taxa assessed in rarface panel and marine macrobenthos'

studies as described in NAI (1995a, b).
,

A

n

Sortees Feeds Madee Meerebesches

Sturtens MonddyQasterly Aa== pends Insertuial Sub6dal

Sequennel

!

Sampling sianons Bl9,831 B19,831 804, B19, B31,834 B1MLW,85MI.W B04, BI), B17,
B19,B31.B34,

B35

|
Comanualey'

j parammeere

Species nchness monthly tune-series assessed monthly / assessed wills assessed with

and ANOVA quanerly -esses,for ANOVA for Aug. ANOVA for Aug.

l-yr pensis
;

Total abundeses monibly tune-senes assessed anonthly/ assessed wish assessed wrib

| (fauns only) and ANOVA quanerly,t enses for ANOVA for Aug. ANOVA for Aug.

l yrpensis'

i
i Total boomass monddy ame eenes assessed aeonddy/ assessed for algas assessed for aises

I and ANOVA quenerly,t-esses for inannual samples, inannual semples,

1 yrpanels ANOVA for Aug. ANOVA for Aug.

sessened less

Mytilidas moeddy neogenes smoeshly/quenerly doeniaast taxon. donnammttauce, ' donunsettazos,
'

; and ANOVA tumartes (% counes ce tnamnest 3:ensusi abund, triannual abund.

tog.) and lib- and samuel pensis estuneens and lidt estuaans and life

hiseory audies sense smulies stess souties.

.Asass see,normas ameddy time-series t=amably/quanmely ha=r taxon

and ANOVA tune sense (% (shallow subudal
seq.) and tids- shes),inannual

hiessy seedias abund.*F = m
andlife stase

,

studies

Tubidanis sp. nionthly thee series moahiy/quenerly couns on ammuel presemos/assemos presence /h
and ANOVA tune senes(% panels for August for August

tog.)

Louisonne sp. assessed on 1-yr couem osannual anannual airmt.
-

pensis widit easa pensis estunases in transac'

|
study

|
1

i

f
i

f
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i North North Atlantic Energy Service Corporation"

s P.O. Box 300

f Atlantic se hroot,s u 03874
.

0 (603) 474-9521

The Northeast Utilities System

NYE- 95007

March 17,1995

Mr. Edward K. McSweeney, Chief
Wastewater Management Branch
United States Environmental Protection Agency

4 John F. Kennedy Building
Boston, Massachusetts 02203

Reference: Seabrook Station NPDES Permit No. NH0020338
4

Subject: Annual Hydrological Report-1994

Dear Mr. McSweency:

North Atlantic Energy Service Corporation (North Atlantic) has enclosed a report summarizing
ocean temperature data acquired during the period of January 1,1994 to December 31,1994. This report
is submitted pursuant to Pan I.A.11.e of the NPDES permit. This repen demonstrates compliance with
the NPDES perrret limits on the thermal component of the discharge from Seabrook Station as delineated
in Part I.A.l.j.

.

Should you have any questions regarding the enclosed report, please contact Mr. James M.
Peschel, Regulatory Compliance Manager, at (603) 474-9521, extension 3772. ;

Very truly yours, !
.

'
55-

R.Jeb Loach |

Director - Special. Projects |

RJD: RAS /sm
i

Enclosure |

|
i
|
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U.S. Environmental Protection Agency March 17,1995

Attention: Mr. Edward K. McSweeney Page two

cc: Dr. John Tietjen Dr. Saul Saila
134 Palisade Avenue 317 Switch Road
Leonia, NJ 07605 Hope Valley, RI 02832

Dr. W. Huntting Howell Dr. Roben Wilce
12 James Farm Department of Biology
Lee, NH 03824 221 Morrill Science Center

University of Massachusetts
Amherst, MA 01003

Dr. Bemard J. McAlice Mr. Ted C. Feigenbaum

Darling Marine Center Senior Vice President and
University of Maine Chief Nuclear Officer
Clarks Cove Road North Atlantic Energy Service Corporation'

Walpole, ME 04573 P.O. Box 300 .

!Seabrook, NH 03874

Mr. Jeffrey Andrews Mr. Nicholas Prodany

Supervisor, Industrial Permits Section Permit Compliance Section

Dept. of Environmental Services Environmental Protection Agency

Water Supply & Pollution Control Division John F. Kennedy Building

6 Hazen Drive Boston, MA 02203
Concord, NH 03302

Mr. Robert Estabrook Mr. Eric Nelson i

Dept. of Environmental Services National Marine Fisheries Service
Water Supply & Pollution Control Division Northeast Region

6 Hazen Drive One Blackbum Drive
Concord, NH 03302 Gloucester, MA 01930

Dr. Edward Schmidt Mr. Jack Paar
Dept. of Environmen*.al Services Envirtnmental Protection Agency
Water Supply & Pollution Control Division 60 Westview Street
6 Hazen Drive Lexington, MA 02173
Concord, NH 03502

Mr. John Nelson Ms. Marcia Bowen
NH Fish and Game Department Normandeau Associates,Inc.

37 Concord Road 38 Lafayette Street
! Durham, NH 03824 P.O. Box 202 i

Yarmouth, ME 04096
.
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| SEABROOK STATION NPDES

1994 OCEAN TEMPERATURE COMPLIANCE REPORT
i

j 1.0 INTRODUCTION
! 1.1 Purpose

!
F

This report presents ocean temperature data that demonstrates federal / state discharge
i

j permit compliance in the receiving waters from the thermal component of the Seabrook Station

| Cirmladng Caaling Water System.
I

1.2 Bacirground;

i

; Seabrook Station is a single-unit,1,150 megawatt nuclear generating facility located in

the New Hampshire coastal town of Seabrook. The heat dinipadan system for the station is a

,! once-through, ocean intake and submerged diffuser discharge design. Cooling water is taken

! from and returned to the waters of the Atlantic Ocean via 19-foot diameter intake and discharge

| tunnels that extend about 7,000 and 5,500 feet offshore, respectively.

i
'

The National Pollutant Discharge Eliminatian System (NPDES) permit reissued in 1993

j [1] sets thermal discharge limits during station operation. S,*11y, the thermal component

| of the discharge can not increase the surface temperature in the near-field jet-mixing region by ;

more than 5'F. Thejet-mixing region is the receiving waters within 300 feet of the submerged
,

diffuser in the direction of discharge. In additina, the 5'F limit applies only to temperature risesi

j caused by the addition of heat to the receiving waters. This w=paren difference, or delta-t,

i is the key to demonstrate permit complianz.
i

) 1.3 compliance Demonstratinn
i
1

The analysis of a two year hanaline study of the thermal field around the discharge area

prior to station operation showed permit compliance could effectively be defined by using thej

p monthly mean of three thermal monitanng stations [2]. The stations included areas inside and

j outside the jet-mixing region as well as a reference point. The U.S. Environmental Protection
.

| Agency (EPA) and New Hampshire Department of Envimamental Services (DES), Water Supply
.

j and Pollution Control Division concurred that compliance is demonstrated if the delta-t value

r
?

i -1-
,

e <

4
,

,

-
- _. - -. _ . _ _ _ . _ - .
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between the reference point and those points at inside and outside the f:t-mixing region is 5'F
or less for the monthly mean (3,4].

After several years of station operation, an analysis of monitoring data [5] showed that

permit compliance could be demonstrated by using only the surface temperatures inside the jet-
;

mixing region and the reference point. Both the EPA and DES agreed with the operational data

analysis [6,7] and the monitoring program was modified effective July 1993 to include only

surface temperature monitoring at Buoys DS and 77 shown on Figure 1.1. The renewed

NPDES permit issued in September 1993 [1] reflects this program compliance change.

Table 1.1 lists the various monitoring station information.

:
4
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TABLE 1.1

Seabrook Temperature Monitoring Information

Water Depth Sensor Depth

Station (Ft, MLW) Designation location (Ft, MLW)

T7 55 Reference 42*55'15"N -2, Surface Following

Point 70'46'46"W

DS 54 Jet-Mixing 42*53'41"N -2, Surface Following

Region 70'47'12"W
.

e
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i

*

'

,

!

|

,

6

*

4

1

1

!

>

!

-3-
,

,

k

e

!

L__________-. _ __ _. - ._. ~ . -. - _ . _ _ - _.



i
1

|

|

|.

!

9 ;;. ;ms -qw
3 sy .

-
;' ; .._;-:12 ,. p. g-.3+

.s 4 @r.
p.e v .

>9&f, RYE LEDGE
^ ^ ^ '

;%.- w
.

3 tj.ge e .
. ..

' D .a * o I.

m UTTLE
?>M f BOARS .' .

kg HEAD f.
% I r::.

''

M
:a,

, _
. ...

.i 18...
#

0 .f l NAUTICAL MILE $ . v'
I i

*

, i -

0 1 2 KILOMETERS '. = . ..

SCALE *I' I!'

'

CONTOUR DEPTH IN METERS //
.

O i (
| (

' # '

.

5 * 37i .

5 4'
.

-i .

\ i f 18
.

| GREAT BOARS HEAD ; '

'
fStaw17.*

' '

HAMPTON;

% BEACH|+
-| !* 37

! ' -
-

. . .,

BROWNS RIVER \ ) '

t.,
.

-
. . . . . . . . .

* . ..'.
O()TER' 't*y .

_ :. . :.

! STATION ^ !| , ''""'" y:.:.; .. &taten oSSF.ABROOK mc ) l
.. .

|9 '.. g
,

-

: .-..

}| .i .
..

'

1
'

..

HAMPTON | | \. : \ ', 1..

'. gg
-'

BEACH n
SEABROOK, ;j '|

. !

- -

HARBOR .i
BEACH : * '

/
,t

7 i
. s

,
-; .;\ '

,

|;. | |

-
. .

!!- .

+ --
'. 1e. ...

c...s | 1
--

.
.r s .

% / $0 *.
.

%s' ;j
*-

: .

. .
, .

; ..

. e

: ; .

' *

SAUSBURY BEACH

Figure 1.1

1
coo m oou u n w -4- |

|
|

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _

'



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

!

2.0 RESULTS j

2.1 Srnrion and Instrument Operation;

Power operation during 1994 continued through early April, when a four-month outage.

j took place. Power operation restarted in early August and continued through the end of 1994.

The average monthly percent of station operation, which accounts for short-term power outages, |

is listed in Table 2.1 and shown on Figure 2.1.

Ocean temperature data were obtained from sensors at the monitoring stations via cellular; ,
'

telephone technology. Data recovery during the year is listed in Table 2.1. The average during i
e

plant operation was 89%. Missing data resulted from instrument malfunction and are identified
,

on the monthly data summary tables located in the appendix. |

| :

2.2 Delta-t Values
|-

|

; Table 2.2 summanzes the monthly mean of ocean temperature values between reference

i Station T7 and Monitoring Stations DS. Positive delta-t values mean the monitoring station is

warmer than the reference; negative values mean it is colder. Figure 2.1 illustrates the T7-DS i

: delta-t values.

IAs shown, the delta-t values for each month dunng plant operation of 1994 are less than

j 5'F. Consequently, permit compliance is demonstrated.
'

'

;

; The largest delta-t values, as expected from previous data [8-12), occurred during cold- i

weather months when isothermal ocean conditions persist. The maximum monthly delta-t,
;

3.51*F, was for March. The smallest monthly delta-t, -0.16*F, occurred durmg August. This,

is a result of thermally stratified ocean conditions. The large volume of cold bottom water' -

| entrained by the discharge plume significantly reduces the discharge plume's temperature so that
'

at the surface this mixed volume's temperature can actually be less than the reference station.

I Figure 2.1 also shows the average delta-t value between Station DS-T7 calculated from

the years 1990 through 1994. As shown, the 1994 delta-t values are consistent with the average
'

i

i and vary depending on both station power level and the season.

|

{ The appendix contains a complete tabular listing for each temperature monitoring station.

!

-5-
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.TASLE 2.1
1994 Station Power level and Ocean Temocrature

Data Avalinhility

Station Temperature

Month Power level (%) ,

( )
DS-T72

4

JAN 80.6 87.1

FEB 37.9 82.1

: MAR 100.0 29.0

APR * *

' MAY * *

; JUN * *

1 <

yyt e e

i

AUG 92.0 100.0
'

! SEP 100.0 100.0

'

OCT 100.0 100.0

i NOV 100.0 %.7

i
DEC 100.0 100.0

'
.

1

* Outage: April 9 - August 1,1994 (Temperature monitoring requirements not applicable).
,

,

#

4

W<

4
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t

1

'
TABLE 2.2

Monthly Ocean Temocrature* Summary.1994

4

4

Stations DS-T74

_

Month DS T7 AT
,

JAN 39.41 36.62 3.37 -

.

FEB 36.02 34.38 1.67

' MAR 36.84 35.11 3.51

APR ** ** **
,

MAY ** ** **
,

3x3y se se se

,

JUL ** ** **
1

)
i

'

AUG 59.79 59.95 -0.16 |

,

SEP 61.39 59.84 1.54

OCT 57.10 54.85 2.25,

NOV 53.19 50.67 2.53 i.

' DEC 47.73 44.42 3.31

|

! Temperature in degrees Fahrenheit.*

Outage: April 9 - August 1,1994 |
'

**

i

d

.

-7-
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SEABROOK OCEAN TEMPERATURE DELTA-T
January - December 1994

Monthly Average Delta-T (F) Monthly Average Power Level (%)
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1

3.0 CONCLUSIONS-

Based on the results presented in this 1994 report, the following conclusions can be

made:

.

1. The delta-t values for all monitoring stations for each month during plant,

'
operation of 1994 are less than 5'F. Permit compliance, therefore, is demon-

strated.
d

2. The maximum delta-t value ww M in March during isothermal ocean
conditions. The minimum delta-t value maim in August during stratified ocean

.

conditions. This is consistent with previous data collected.

!

,

:

:

4

4

a

;

i

$
J

+

\

i

-9- i
i

.

.

_ _ _ _ _ _ __.. - - - - - ____-.- _ -- _ __-_.__._____.-_____.___..-_- - -



. _ . _ _ _ _ . _ _ _ . . ._.___ . . . . _ _ _ . _ _ _ . . . _ _ _ _ . . _

,

:

:

! 4.0 REFERENCES
;

i

1. NPDES Permit No. NH0020338, dated September 30,1994.

| 2. "Seabrook Station Thermal Criteria Evaluation," YAEC-1529, Yankee Atomic Electric
'

Company, March 1986.

i 3. Letter, Public Service Company of New Hampshire SB-20524 to U.S. Environmental
Protection Agency, dated March 7,1986."

! 4. Letter, U.S. Environmental Protection Agency to Public Service Company of New
; Hampshire, dated May 22,1986.
,

5. Ietter, New Hampshire Yankee NYE-92009 to U.S. Environmental Protection Agency,
;

dated March 12, 1992.'

:

| 6. Letter, U.S. Environmental Protection Agency to North Atlantic Energy Service
Co g..Gon, dated June 4,1993.

j 7. Letter, New Ham = hive Department of Environmental Services to North Atlantic Energy

.

Service Corporation, dated June 23,1993.

8. Ietter, New Hampshire Yankee NYE-91011 to U. S. Environmental Protection Agency,
dated April 26,1991.

;

| 9. Letter, New Hm== hire Yankee NYE-92003 to U. S. Environmental Protection Agency,

! dated January 21,1992.

10. Ietter, New Hampshire Yankee NYE-92009 to U.S. Environmental Protection Agency, |
dated March 12, 1992. ;:

i |

| 11. Letter, North Atlantic Energy Service Curp..Gon NYE-93006 to U.S. Environmental
Protection Agency, dated March 19, 1993.

i |

12. Letter, North Atlantic Energy Service Corporation NYE-94005 to U.S. Environmental,

| Protection Agency, dated March 31,1994.
i

|

:
,

4

a

4

|
,

-10-

'

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

\



. - . .- . . . . . . . - . . . . _ . . . _ . - . . ~ . . . ~ . _ _ . _ _ . . . . . . ~ . - . . . _ . . - _ . . . . . . . . _ , . ._ . . .- ...

APPFNDIX

Stimmary of Manthly ha Tamnarnhire _r_we.

l
,

f

,

4

1 1

1

!
i

l

|
,

4 |

1

!

,

l
; !
,

i
!
e

,

1

4

i

8

r

A.

J

t

,

i I

i

i
r

!

t

i

i

. I

i i

l
i

i

||

|
'

I.



- . .- -. -. .- . -- - _ _ - _ _ . -.

!

MONTHLY SUMMARY STATIONS DSUP & T7UP-

k
' DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

'

| (T7) (T7) (DS) (D3) (DS-T7) (DS-T7)
1 1 94 38.54 0.76 42.95 0.45 4.41 1.02 24
1- 2 94 40.08 0.54 44.00 0.79 3.92 0.85 24

'

1 3 94 40.18 0.55 43.55 2.17 3.37 1.77 24
1 4 94 38.67 0.72 39.79 1.75 1.12 2.26 24
1 5 94 38.10 0.26 41.51 0.91 3.40 1.14 24
1 6 94 37.97 0.63 41.17 0.59 3.20 0.95 24
1 7 94 37.82 0.68 41.94 0.65 4.12 0.88 24

'
'1 8 94 36.16 0.61 38.74 2.06 2.58 2.06 24'

l 9 94 36.00 0.41 38.58 0.82 2.58 0.84 24
1 10 94 36.28 0.26 39.55 0.46 3.27 0.41 24-'

1 1 11 94 36.35 0.24 39.20 0.94 2.86 0.83 24
4 1 12 94 36.78 0.25 39.52 1.31 2.74 1.35 24

1 13 94 36.28 0.58 41.48 0.35 5.20 0.59 24
1 14 94 35.40 0.20 41.21 0.54 5.81 0.56 24

,

: 1 15 94 36.01 0.43 39.55 0.94 3.55 1.06 24
1 16 94 35.24 0.58 38.50 1.10 3.26 0.99 24
1 17 94 35.52 0.47 40.18 0.65 4.66 0.93 24
1 18 94 35.53 0.73 40.93 0.38 5.40 0.69 24
1 19 94 36.18 0.70 40.37 0.35 4.20 0.89 24'

; 1 20 94 35.51 0.80 40.69 0.28 5.18 0.82 24
1 21 94 35.93 0.83 40.30 0.48 4.37 0.76 24

,

4 1 22 94 35.77 0.79 40.38 0.30 4.61 0.85 24
1 23 94 36.53 0.17 39.69 0.89 3.37 0.78 21

: 1 24 94 36.95 0.10 39.01 0.59 2.42 0.37 5
1 25 94 Missing Data 38.27 2.04 24
1 26 94 Missing Data 35.44 0.42 24.

i 1 27 94 Missing Data 34.82 0.11 24
1 28 94 Missing Data 34.03 0.32 24'

1 29 94 35.00 0.42 35.59 0.71 0.78 0.37 18-

13094 35.01 0.18 35.72 0.42 0.69 0.52 23
i 1 31 94 34.95 0.12 34.94 0.15 -0.01 0.19 24

i AVERAGE MONTHLY RESULTS

MEAN S'.DEV MEAN S.DEV MEAN S.DEV
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7);

'

} 36.62 0.48 39.41 0.77 3.37 0.92

4

't

4
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4 MONTHLY SUMMARY STATIONS DSUP & T7UP

!

! l
i DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N

'

(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)
~2 1 94 34.64 0.14 34.63 0.21 -0.01 0.21 24

i 2 2 94 34.36 0.23 34.30 0.22 -0.06 0.25 24'
'

2 3 94 34.51 0.30 34.34 0.28 -0.17 0.42 24
: 2 4 94 34.64 0.54 35.88 0.74 1.23 0.72 24
! 2 5 94 35.05 0.97 36.53 0.25 1.48 1.07 24

2 6 94 36.30 0.34 36.36 0.42 0.06 0.27 24
: 2 7 94 36.89 0.31 37.16 0.42 0.27 0.30 24
i 2 8 94 36.78 0.16 37.01 0.31 0.24 0.20 24

.
2 9 94 35.67 0.31 35.68 0.38 0.01 0.29 24

1 2 10 94 34.39 0.54 34.82 0.40 0.44 0.65 24
| 2 11 94 33.89 0.30 34.33 0.52 0.56 0.47 21

2 12 94 Data Missing For'This Day
2 13 94 Data Missing For This Day.

i 2 14 94 33.05 0.07 Missing Data 11
; 2 15 94 33.12 0.07 Missing Data 6

2 16 94 32.98 0.07 33.34 0.30 0.40 0.25 5
' 2 17 94 Missing Data 33.77 0.47 19

2 18 94 33.03 0.13 35.89 1.04 3.74 0.42 11
2 19 94 33.52 0.29 36.73 0.18 3.20 0.38 16

3 2 20 94 33.85 0.29 36.98 0.24 3.13 0.31 24
| 2 21 94 34.69 0.34 37.69 0.27 2.99 0.31 24
; 2 22 94 34.75 0.30 37.75 1.25 3.00 1.36 24
: 2 23 94 34.71 0.18 37.27 2.52 2.57 2.42 24
1 2 24 94 33.94 0.34 35.16 1.54 1.23 1.82 24
: 2 25 94 33.55 0.29 36.60 0.53 3.06 0.36 24
1 2 26 94 33.80 0.15 37.46 1.81 3.65 1.79 24

2 27 94 33.74 0.18 37.00 1.71 3.27 1.72 244

; 2 28 94 33.67 0.06 37.76 0.63 4.09 0.64 24
:

1 AVERAGE MONTHLY RESULTS
4

i MEAN S.DEV MEAN S.DEV MEAN S.DEV
j (T7) (T7) (DS) (DS) (DS-T7) (DS-T7)
i 34.38 'O.28 36.02 0.69 1.67 0.72
1

:

!
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MONTHLY SUMMARY STATIONS DSUP & T7UP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N !

(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)
3 1 94 33.67 0.20 37.48 0.54 3.81 0.54 24 .

'
3 2 94 33.36 0.26 38.06 0.53 4.52 0.54 19
3 3 94 32.96 0.05 36.78 1.33 4.39 0.91 5
3 4 94 Missing Data 36.67 0.65 21
3 5 94 Missing Data 36.84 0.67 24
3 6 94 33.14 0.25 37.03 0.41 3.80 0.34 10 .

3 7 94 33.70 0.45 36.36 0.49 2.66 0.30 24
3 8 94 34.30 0.33 37.52 0.32 3.22 0.34 24
3 9 94 33.38 0.29 37.43 0.30 4.04 0.42 24
3 10 94 33.41 0.20 37.46 1.55 4.06 1.69 24
3 11 94 33.37 0.14 34.42 1.74 1.07 1.74 21
3 12 94 33.57 0.32 36.00 2.54 Missing Data 5
3 13 94 33.77 0.32 Missing Data 24
3 14 94 34.61 0.73 Missing Data 24
3 15 94 34.76 0.43 Missing Data 24
3 16 94 35.83 0.88 Missing Data 24
3 17 94 35.07 0.76 Missing Data 24
3 18 94 34.01 0.17 Missing Data 24 >

3 19 94 34.27 0.19 Missing Data 24
3 20 94 34.54 0.16 Missing Data 24
32194 35.14 0.55 Missing Data 24
3 22 94 36.01 0.35 Missing Data 24 {

3 23 94 36.21 0.70 Missing Data 24
3 24 94 36.91 0.77 Missing Data 24
3 25 94 37.55 0.36 Missing Data 24
3 26 94 37.48 0.58 Missing Data 24
3 27 94 37.15 0.45 Missing Data 24
3 28 94 37.90 0.46 Missing Data 24
3 29 94 37.46 0.09 Missing Data 24
3 30 94 37.70 0.63 Missing Data 24
3 31 94 37.00 0.28 Missing Data 24

AVERAGE MONTHLY RESULTS'

MEAN S'.DEV MEAN S.DEV MEAN S.DEV
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

35.11 0.39 36.84 0.92 3.51 0.76

.

i
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MONTHLY SUMMARY EfATIONS DSUP & T7UP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

4 1 94 37.98 1.27 Missing Data 24
4 2 94 37.67 0.51 Missing Data 24
4 4 94 38.53 0.30 Missing Data 24
4 5 94 38.49 0.50 Missing Data 24
4 6 94 39.41 0.87 Missing Data 24 |
4 7 94 39.25 0.39 Missing Data 24
4 8 94 38.57 0.85 Missing Data 24

i

4 9 94 37.44 0.84 Missing Data 24
4 10 94 38.40 0.58 Missing Data 24
4 11 94 38.97 0.45 Missing Data 24 ,

4 12 94 38.51 0.40 Missing Data 24
4 13 94 39.02 0.62 Missing Data 24
4 14 94 39.64 0.20 Missing Data 24
4 15 94 39.93 0.45 Missing Data 24
4 16 94 41.67 1.50 Missing Data 24
4 17 94 42.19 0.51 Missing Data 24
4 18 94 39.14 1.31 Missing Data 24.

4 19 94 37.71 0.29 Missing Data 24
4 20 94 39.95 1.39 Missing Data 24
4 21 94 39.57 1.16 Missing Data 24
4 22 94 38.79 0.34 Missing Data 24
4 23 94 39.70 0.69 Missing Data 24
4 24 94 40.44 0.43 Missing Data 24
4 25 94 39.85 0.53 Missing Data 24
4 26 94 40.54 0.46 Missing Data 24
4 27 94 41.04 0.67 Missing Data 24
4 28 94 42.68 1.12 Missing Data 24
4 29 94 43.42 1.06 Missing Data 24
4 30 94 44.02 0.16 Missing Data 24

AVERAGE MONTHLY RESULTS

MEAN S.DEV MEAN S.DEV MEAN S.DEV
(T7) ,(T7) (DS) (DS) (DS-T7) (DS-T7)

39.74 0.68

'
.
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MONTHLY SUMMARY STATIONS DSUP & T7UP
!

e-

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

5 1 94 46.10 0.32 Missing Data 24
| 5 2 94 45.63 0.14 Missing Data 24

5 3 94 45.88 0.57 Missing Data 24 -
4

5 4 94 46.70 0.52 Missing Data 24'

5 5 94 46.09 0.76 Missing Data 24
: 5 6 94 45.69 0.56 Missing Data 24

5 7 94 46.14 1.12 Missing Data 24
5 8 94 46.34 0.61 Missing Data 24

s

i 5 9 94 46.91 0.76 Missing Data 24
i 5 10 94 46.41 0.34 Missing Data 24

5 11 94 47.39 0.96 Missing Data 24 :
5 12 94 46.37 1.31 Missing Data 24
5 13 94 42.24 0.75 Missing Data 24

2

5 14 94 41.89 0.39 Missing Data 24'

5 15 94 44.18 1.65 Missing Data 24'

5 16 94 44.87 0.95 Missing Data 24
5 17 94 43.87 0.46 Missing Data 24 i

5 18 94 44.95 0.31 Missing Data 24
5 19 94 46.09 0.49 Missing Data 24
5 20 94 47.24 0.67 Missing Data 24

; 52194 48.79 1.09 Missing Data 24
; 52294 51.53 1.64 Missing Data 24
i 5 23 94 53.04 1.24 Missing Data 24
j 5 24 94 51.41 1.09 Missing Data 24
: 5 25 94 51.30 0.88 Missing Data -24 )

5 26 94 50.35 0.52 Missing Data 24
'

,

5 27 94 49.62 0.21 Missing Data 24,

i 5 28 94 49.69 0.38 Missing Data 24
5 29 94 50.29 0.84 Missing Data 24 ,

;

| 53094 50.45 0.97 Missing Data 24 )
'

5 31 94 47.13 1.20 Missing Data 24

). AVERAGE MONTHLY RESULTS

MEAN S.DEV MEAN S.DEV MEAN S.DEV;

(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)
3

47.24 0.76
!
J

*

!

;

i

4
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MONTHLY SUMMARY STATIONS DSUP & T7UP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

6 1 94 46.37 0.67 Missing Data 24
6 2 94 45.11 0.41 Missing Data 24
6 3 94 45.58 0.74 Missing Data 24
6 4 94 48.35 1.29 Missing Data 24
6 5 94 50.44 0.37 Missing Data 24
6 6 94 50.00 1.15 Missing Data 24
6 7 94 45.70 0.60 Missing Data 24
6 8 94 49.87 2.41 Missing Data 15
6 9 94 49.55 0.68 Missing Data 24
6 10 94 50.40 0.74 Missing Data 24
6 11 94 51.52 0.89 Missing Data 24
6 12 94 52.18 0.64 Missing Data 24
6 13 94 50.76 0.64 Missing Data 24
6 14 94 49.72 1.18 Missing Data 24
6 15 94 49.96 1.87 Missing Data 24
6 16 94 53.78 1.07 Missing Data 24
6 17 94 56.38 1.82 55.36 2.80 -3.10 2.95 9
6 18 94 58.67 1.25 56.29 1.05 -2.39 1.26 24
6 19 94 57.48 1.41 56.59 1.03 -0.89 0.96 24
6 20 94 59.31 1.08 58.12 1.04 -1.19 0.66 24
6 21 94 59.49 1.24 59.08 1.34 -0.42 0.40 24
6 22 94 53.41 1.66 54.05 1.20 0.64 0.90 24
6 23 94 54.37 0.50 54.12 1.42 -0.25 1.56 24
6 24 94 55.22 0.53 55.10 0.52 -0.12 0.71 24
6 25 94 55.73 1.08 55.34 0.93 -0.39 1.09 24
6 26 94 55.47 0.42 56.61 1.23 1.14 1.20 24
6 27 94 56.05 0.72 56.34 0.60 0.29 0.62 24
62894 54.64 0.65 53.51 1.30 -1.14 1.20 24
6 29 94 54.37 0.44 53.82 1.46 -0.55 1.17 24
6 30 94 53.91 0.95 52.88 1.10 -1.03 0.81 24

AVERAGE MONTHLY RESULTS

MEAN S.DEV MEAN S.DEV MEAN S.DEV
(T7) '(T7) (DS) (DS) (DS-T7) (DS-T7)

52.46 0.97 55.51 1.22 -0.67 1.11
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MONTHLY SUMMARY STATIONS DSUP & T7UP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

7 1 94 52.79 0.74 52.39 0.97 -0.40 0.83 24
7 2 94 53.75 0.91 53.59 0.93 -0.15 0.95 24
7 3 94 55.36 1.77 54.18 1.46 -1.18 0.54 24
7 4 94 56.75 1.61 55.13 0.85 -1.62 1.51 24
7 5 94 55.09 0.66 55.46 0.72 0.36 0.69 24
7 6 94 55.43 1.33 54.52 1.61 -0.91 0.60 24
7 7 94 58.49 2.38 56.94 1.85 -1.55 1.18 24
7 8 94 61.31 0.73 60.72 0.76 -0.60 0.73 24
7 9 94 60.21 0.89 61.05 1.11 0.84 1.40 24
7 10 94 61.65 1.22 61.12 1.40 -0.53 0.94 34*

7 11 94 62.78 2.25 61.96 1.67 -0.81 0.98 24
7 12 94 63.01 1.28 62.46 1.25 -0.55 1.29 24
7 13 94 60.73 1.01 61.57 0.85 0.84 0.83 24
7 14 94 61.67 1.54 61.90 0.91 0.23 0.91 24
7 15 94 62.89 0.60 62.22 0.50 -0.67 0.70 24
7 16 94 63.12 1.19 63.12 0.72 0.00 0.86 24
7 17 94 65.49 0.81 64.81 0.94 -0.68 0.31 24
7 18 94 65.54 0.48 65.61 0.53 0.07 0.24 24
7 19 94 65.86 0.71 65.83 0.75 -0.03 0.49 24
7 20 94 67.63 0.76 66.87 0.94 -0.76 0.58 24

'

7 21 94 68.71 1.28 67.98 1.18 -0.73 0.78 24
7 22 94 61.24 3.22 61.04 3.10 -0.21 1.38 24
7 23 94 56.58 0.76 57.50 1.75 0.92 1.38 24
7 24 94 57.90 1.51 58.83 1.79 0.93 1.12 24
7 25 94 60.04 1.80 59.04 1.76 -1.00 1.31 24
7 26 94 61.51 1.13 60.03 1.19 -1.48 1.07 24
7 27 94 59.38 1.44 57.12 1.36 -2.26 0.95 24
7 28 94 60.46 0.87 58.44 1.78 -2.03 1.49 24
7 29 94 61.73 1.17 61.21 1.58 -0.52 1.01 24
7 30 94 63.84 1.60 62.19 1.36 -1.65 1.12 24
7 31 94 63.97 0.65 63.14 0.86 -0.84 0.52 24

AVERAGE MONTHLY RESULTS

MEAN S.DEV MEAN S.DEV MEAN S.DEV
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

60.80 1.24 60.26 1.24 -0.55 0.92

|
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j MONTHLY SUMMARY STATIONS DSUP & T7UP

.

'DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
j (T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

8 1 94 63.29 0.66 62.20 1.54 -1.09 1.23 24;

| 8 2 94 63.19 0.76 59.87 0.79 -3.32 1.09 24
'j 8 3 94 62.68 0.70 60.32 1.19 -2.36 1.36 24

8 4 94 61.47 1.21 58.57 1.14 -2.90 0.74 24
! 8 5 94 57.23 1.50 56.26 0.87 -0.97 0.97 24
I 8 6 94 59.31 2.36 60.14 1.42 0.82 1.12 24
: 8 7 94 60.70 1.64 60.78 0.70 0.08 1.03 24

"
#

8 8 94 61.82 1.22 61.62 0.32 -0.19 1.23 24
8 9 94 62.87 0.47 62.08 0.61 -0.79 0.66 24-,

8 10 94 62.11 0.94 60.99 0.59 -1.12 0.74 24
*

8 11 94 61.96 0.61 61.55 0.71 -0.41 0.58 24
8 12 94 62.45 0.91 61.32 1.07 -1.14 0.97 24

| 8 13 94 62.49 0.96 60.59 0.55 -1.90 0.81 24
;- 8 14 94 58.35 1.27 58.69 0.79 0.34 0.80 24
i 8 15 94 55.11 0.64 56.89 0.60 1.78 0.48 24

8 16 94 55.71 0.76 56.28 0.68 0.56 0.66 24
4 8 17 94 55.94 0.75 56.87 0.64 0.93 0.67 24
*

8 18 94 57.75 1.55 57.60 1.33 -0.15 0.85 24
'

8 19 94 59.18 1.12 59.82 0.55 0.64 1.58 24
'

8 20 94 59.95 0.64 60.04 0.78 0.09 0.80 24
8 21 94 58.88 0.82 59.39 0.81 0.51 0.59 24
8 22 94 58.77 0.45 59.60 1.52 0.83 1.20 24

*

8 23 94 58.90 0.47 61.39 0.63 2.48 0.37 24
8 24 94 59.84 0.88 61.88 0.22 2.05 0.92 24

! 8 25 94 60.32 0.56 61.53 0.30 1.21 0.59 24 i

; 8 26 94 61.03 1.55 60.95 0.66 -0.08 1.42 24 '

' 8 27 94 61.87 0.43 60.12 0.85 -1.74 0.74 24
| 8 28 94 62.79 0.73 61.03 1.04 -1.76 1.37 24

8 29 94 57.75 1.64 58.30 0.76 0.55 1.13 24.i

i 8 30 94 56.63 0.72 57.82 0.84 1.19 0.65 24
i 8 31 94 58.11 1.22 58.89 0.90 0.78 1.36 24 ;

' ;

AVERAGE MONTHLY RESULTS

MEAN S'.DEV MEAN S.DEV MEAN S.DEV ,

(T7) (T7) (DS) (DS) (DS-T7) (DS-T7) |;
|

59.95 0.97 59.79 0.82 -0.16 0.93 I

|
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! MONTHLY SUMMARY STATIONS DSUP & T7UP
:!

! DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

1

9 1 94 60.14 1.35 59.91 1.21 -0.23 0.79 24
9 2 94 60.02 0.77 60.47 0.85 0.45 0.69 24

j 9 3 94 60.04 1.10 60.50 1.02 0.47 0.79 24
9 4 94 61.08 1.08 62.24 2.24 1.16 1.46 243

'

9 5 94 60.02 0.67 63.53 0.76 3.50 0.28 24
i 9 6 94 58.38 0.15 61.53 0.41 3.15 0.46 24

9 7 94 58.74 0.43 61.43 0.36 2.69 0.38 24
! 9 8 94 58.88 0.33 61.27 0.36 2.39 0.44 24

9 9 94 60.07 0.70 61.62 0.48 1.55 0.88 24
: 9 10 94 59.34 0.16 61.30 0.31 1.97 0.38 24
1 9 11 94 59.19 0.41 60.84 0.47 1.65 0.39 24
i 9 12 94 58.85 0.39 60.82 0.51 1.97 0.41 24

9 13 94 59.79 0.40 60.95 0.27 1.17 0.35 24
1 9 14 94 61.15 0.40 61.39 0.47 0.24 0.35 24

9 15 94 61.06 0.50 61.30 0.61 0.25 0.32 24
1 9 16 94 60.96 0.20 60.94 0.51 -0.01 0.53 24

9 17 94 59.57 0.52 59.84 0.58 0.27 0.69 24
9 18 94 59.84 0.96 61.12 1.32 1.28 1.10 24,

; 9 19 94 59.07 0.60 60.96 1.09 1.89 1.02 24
9 20 94 59.59 0.54 60.11 0.29 0.52 0.52 24'

! 9 21 94 60.48 1.10 59.83 1.27 -0.65 0.66 24
1 9 22 94 60.35 0.25 61.31 1.27 0.96 1.37 24

9 23 94 60.04 0.07 61.90 1.66 1.86 1.64 24
9 24 94 60.13 0.21 62.72 0.29 2.59 0.44 24
9 25 94 60.10 0.29 62.81 0.34 2.71 0.60 24 ;

'

i 9 26 94 60.56 0.27 62.84 0.27 2.28 0.31 24
! 9 27 94 60.12 0.17 63.29 0.23 3.17 0.35 24
4 9 28 94 60.20 0.48 63.26 0.32 3.07 0.72 24 !

L 9 29 94 60.13 0.72 61.94 0.60 1.82 0.23 24
9 30 94 57.43 0.55 59.60 0.71 2.17 0.29 24 !d

|
AVERAGE MONTHLY RESULTS i

,

1 MEAN S.DEV MEAN S.DEV MEAN S.DEV
| (T7) (T7) (DS) (DS) (DS-T7) (DS-T7)
t

; 59.84 0.53 61.39 0.70 1.54 0.63
.
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MONTIILY SUMMARY STATIONS DSUP & T7UP

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

10 1 94 57.12 0.58 58.67 0.31 1.54 0.78 24 ]
10 2 94 57.49 0.29 58.50 0.22 1.01 0.42 24 ,

10 3 94 56.02 0.36 57.84 0.42 1.83 0.63 24 l

10 4 94 55.55 0.38 57.36 0.43 1.81 0.70 24 |

10 5 94 54.93 0.24 57.30 0.36 2.36 0.52 24 l

10 6 94 54.81 0.44 56.93 0.47 2.12 0.52 24 i

10 7 94 55.54 0.61 56.93 0.40 1.39 0.55 24
10 8 94 55.84 0.49 57.29 0.33 1.45 0.47 24
10 9 94 54.89 0.46 56.48 0.45 1.58 0.40 24
10 10 94 54.06 0.50 56.45 0.45 2.39 0.84 24
10 11 94 54.62 0.64 56.16 0.45 1.55 0.61 24
10 12 94 54.40 0.59 56.60 0.42 2.20 0.44 24
10 13 94 54.31 0.73 56.65 0.30 2.34 0.59 24
10 14 94 54.94 0.50 56.92 0.51 1.99 0.44 24
10 15 94 54.80 0.22 57.85 0.44 3.05 0.51 24
10 16 94 54.50 0.25 57.61 0.35 3.11 0.27 24
10 17 94 54.43 0.18 57.57 0.21 3.14 0.25 24
10 18 94 54.35 0.21 57.33 0.30 2.99 0.39 24
10 19 94 54.70 0.52 57.31 0.27 2.61 0.44 24
10 20 94 55.40 0.22 57.36 0.18 1.96 0.29 24
10 21 94 55.48 0.32 57.83 0.72 2.35 0.80 24
10 22 94 54.72 0.39 57.31 1.21 2.60 1.23 24
10 23 94 54.96 0.42 57.33 0.27 2.37 0.45 24
10 24 94 35.05 0.41 57.43 0.12 2.39 0.41 24
10 25 94 54.70 0.17 57.10 0.17 2.40 0.11 24
10 26 94 54.46 0.51 57.02 0.19 2.56 0.40 24
10 27 94 53.98 0.28 57.04 0.16 3.07 0.30 24
10 28 94 53.40 0.14 56.71 0.23 3.31 0.17 24
10 29 94 53.45 0.24 56.24 0.32 2.79 0.41 24
10 30 94 53.61 0.13 55.44 0.40 1.82 0.47 24
10 31 94 53.87 0.55 55.53 0.48 1.67 0.72 24

AVERAGE MONTHLY RESULTS

MEAN S.DEV MEAN S.DEV MEAN S.DEV

]
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

54.85 0.39 57.10 0.37 2.25 0.50-
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MONTHLY SUMMARY STATIONS DSUP f T7UP
|
t

; DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
(T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

11 1 94 54.13 0.06 57.26 0.60 3.13 0.62 24
11 2 94 53.17 0.89 56.30 0.49 3.13 0.78 24
11 3 94 51.91 0.17 54.99 0.36 3.08 0.40 24
11 4 94 52.87 0.51 54.64 0.48 1.78 0.46 24

| -11 5 94 53.06 0.25 55.15 0.48 2.09 0.53 24
11 6 94 53.37 0.38 56.11 0.58 2.74 0.86 24 <

! 11 7 94 52.21 0.41 55.49 0.53 3.28 0.61 24

! 11 8 94 51.76 0.17 53.96 0.34 2.20 0.38 24
11 9 94 51.94 0.22 54.42 0.44 2.49 0.54 24'

11 10 94 51.66 0.33 54.85 0.23 3.19 0.41 24
11 11 94 51.30 0.12 54.38 0.38 3.08 0.45 24
11 12 94 51.02 0.21 53.32 0.50 2.30 0.53 24.

11 13 94 50.83 0.62 53.26 0.35 2.43 0.44 24'

: 11 14 94 50.94 0.33 53.30 0.34 2.36 0.49 24

! 11 15 94 50.85 0.33 53.23 0.45 2.37 0.50 19
11 16 94 50.95 0.03 54.04 0.14 3.15 0.03 4

11 17 94 Missing Data 50.76 0.46 10
! 11 18 94 49.25 1.43 49.63 1.09 -0.42 0.21 10
! 11 19 94 49.46 1.87 51.48 3.40 2.02 2.10 24
| 11 20 94 49.84 0.07 53.45 0.27 3.60 0.26 24
j 11 21 94 49.90 0.31 53.06 0.39 3.15 0.67 24
i 11 22 94 49.99 0.21 52.64 0.67 2.66 0.80 24

11 23 94 49.74 0.19 52.08 0.31 2.34 0.39 24'

; 11 24 94 49.12 0.25 50.89 0.50 1.77 0.38 24
: 11 25 94 48.22 0.31 50.89 0.39 2.67 0.33 24

11 26 94 48.25 0.44 51.35 0.41 3.10 0.47 24
11 27 94 48.19 0.35 51.14 0.42 2.96 0.56 244'

11 28 94 47.35 0.32 50.19 0.89 2.85 1.02 24
,

11 29 94 47.38 0.30 50.18 0.48 2.81 0.68 24

AVERAGE MONTHLY RESULTS
t

! MEAN S.DEV MEAN S.DEV MEAN S.DEV
j (T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

,

50.67 0.40 53.19 0.56 2.58 0.57
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|- MONTHLY SUMMARY STATIONS DSUP & T7UP

i

DATE MEAN S.DEV MEAN S.DEV MEAN S.DEV N
I (T7) (T7) (DS) (DS) (DS-T7) (DS-T7)

i 12 1 94 47.88 0.11 51.42 0.29 3.54 0.25 24
12 2 94 47.77 0.15 49.91 0.70 2.14 0.76 24
12 3 94 47.78 0.22 51.00 0.68 3.22 0.52 24
12 4 94 47.88 0.20 51.57 0.41 3.70 0.52 24
12 5 94 47.93 0.51 51.71 0.47 3.78 0.69 24
12 6 94 47.04 0.07 51.36 0.51 4.33 0.49 24
12 7 94 47.07 0.12 51.62 0.52 4.55 0.57 24
12 8 94 46.64 0.07 50.70 0.56 4.06 0.54 24

4

12 9 94 46.70 0.13 49.33 0.45 2.63 0.41 24'

12 10 94 46.37 0.19 49.56 0.70 3.19 0.71 24

| 12 11 94 46.17 0.39 49.34 1.71 3.16 1.79 24
12 12 94 45.87 0.41 49.64 0.84 3.77 0.75 24
12 13 94 44.93 0.34 47.30 2.34 2.37 2.13 24

.

i 12 14 94 44.71 0.23 46.52 2.00 2.21 1.98 24
12 15 94 43,69 0.17 47.53 0.60 3.83 0.61 24

j 12 16 94 42.73 0.20 45.57 1.68 2.83 1.65 24
12 17 94 42.14 0.18 45.70 1.41 3.55 1.48 24
12 18 94 42.22 0.10 46.63 1.01 4.42 1.04 24
12 19 94 42.43 0.20 46.19 1.00 3.76 0.94 24
12 20 94 42.46 0.17 47.18 0.60 4.72 0.54 24'

j 12 21 94 42.41 0.35 46.91 0.32 4.50 0.30 24
! 12 22 94 42.99 0.25 47.78 0.30 4.79 0.43 24

| 12 23 94 42.91 0.15 45.50 2.62 2.58 2.70 24
12 24 94 42.76 0.25 42.68 0.23 -0.08 0.21 24
12 25 94 42.66 0.18 45.40 1.93 2.73 1.95 24
12 26 94 41.89 0.37 44.80 2.34 2.91 2.53 24
12 27 94 41.70 0.40 42.99 2.20 1.28 2.06 24 |

! 12 28 94 41.77 0.42 45.99 2.62 4.22 2.81 24

| 12 29 94 42.91 0.41 46.91 1.83 4.00 2.03 24

i 12 30 94 42.74 0.29 46.60 0.61 3.85 0.69 24
i 12 31 94 42.35 0.45 44.31 0.72 1.96 0.79 24

AVERAGE MONTHLY RESULTS

|
MEAN S'.DEV MEAN S.DEV MEAN S.DEV

- (T7) (T'/) f,DS) (DS) (DS-T7) (DS-T7)

! 44.42 0.25 47.73 1.10 3.31 1.13

,
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#h North Nohantic Enug Suse Cogoradon
P.O. Box 300

Atlantic Se.oroeum 038n
.

,

1 (603) 474-9521

The Northeast Utilities System

NYE- 95015

July 12,1995
.

Mr. Edward K. McSweeney, Chief
Wastewater Management Branch
U.S. Environmental Protection Agency
J.F. Kennedy Building
Boston,MA. 02203

.

Subject: Seabrook Station NPDES Permit No. NH0020338 - Chlorine Minimization Program

Dear Mr. McSweeney:

Enclosed is the Seabrook Station Chlorine Minimization report as specified under Part I.A.2.h of
the Seabrook Station NPDES Permit. 'Ihis report describes the seasonal chlorination cycle employed, the
duration of system chlorination, chlorine utilization, chlorine demand prior to discharge, as well as
discharge concentrations. In addition, a description of cooling systems inspections for the presence of
biofoulingorganismsis provided

4

Please direct any questions or requests for additional information to Mr. James Peschel, Regulatory
Compliance Manager at (603) 474-9521, extension 3772.

Very Truly You

Bruce L. Dr bridge
*

Executive Director-
Nuclear Production

BLD/ RAS:sm

Enclosure
,
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,

U.S. Environmental Protection Agency July 12,1995 -

Attention: Mr. Edward K. McSweeney, Chief Pagetwo
,!

i

j cc: Ted C. Feigenbaum
; Senior Vi,ce President and

,

ChiefNuclear Officer
*

j North Atlantic Energy Service Corp.
,

; PO Box 300
Seabrook,NH 03874.
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CHLORINE MINIMIZATION REPORT '
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j North Atlantic Energy Service Corporation
;

i June 1995 i
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1.0 Overview of chte.bdar. PrcqcAw, j

i

The Seabrook Station NPDES Permit, which became effective in August 1985 and was j
subsequently reauthorized on September 30, 1993, allows the use of continuous low-level |
chlorination to control biofouling within the Circulating Water and Service Water Systems. The '

Permit requires .that this biofouling control tachnimae be restricted in the concentration of total :
residual oxidant (TRO) released, and that the program implemented under the previous permit be |
continued to.

" continue minimizing the usage of chlorine consistent with maintaining a suitable biofouling
control of the intake cooling water system and maintaining a high condenser efficiency." (Section
I.A.2.h - NPDES permit; 9/30/93) i

This report describes activities from reissuance of the permit through December 1994. Ar.nnn1
summaries of chlorine minimization activities have been provided formally at meetings held with the
Technical Advisory Committee established by the NPDES Permit. As during the previous repuding ;

periods, only incidental settlement by barnacles and mussels have been idennfied in plant systems. In ;

addition, the discharged chlorine levels have been below the regulatory limits of 0.2 ppm daily
maximum and 0.15 ppm monthly average. ,

!
i

2.0 Proeram herorch

As described in previous reports, a three-phased approach was initially established to
determine the minimum amount of chlorine that would provide effective biofouhng control. The first
phase established the background data required: chlorine dernand, TRO variability, and intake system
clannli=s. The second phase tested the chlorine dose that could maintain mmimum biofouling in the
cooling systems such that system operation would not be impaired. As part of the program, an offsite
chlorine minimization study was completed by North Atlantic's biological contractor Normandeau
Associates Inc., at their Hampton Harbor facility. The study, which began in April 1987, involved

j- four distinct demand studies and ongflow study durmg the most biologically active period of the
year. !

!
I

.

I The third phase tested the chlorine dose identified in the second phase to effectively control
the settlement and =>Wat acenmniation of biological organimmm, specifically blue mussel (Mvritum,

adulis) and barnacles (Balanus spp.). Having completed these aspects of the prusisn, North Atlantic

! is now managing chlorine application to effectively control biofouling while minimi7 tag the discharge
' of chlorine to the environment. Improvements in monitoring through condenser performance

evaluations have also been established to ensure that the minimum achievable amount of chlorine is

! utilized to establish effective biofouling control.
!

.
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3. Program Activitin
J

The following activities are conducted at Seabrook Station:

In-plant TRO measurements within the Circulating Water and Service Water Systems,*

.

Determination of demand values within the Circulating Water System,.

Biofouling panels evaluations,e
,

Condenser performance evaluations, and
~

*

Maintenance and surveillance inspections of plant systems as necessary to determme the> *

effectiveness of the program on minimi7ing the settlement and acommlation of fouling
organisms.

Chinrinntion System Oneratinn

Application of chlorine to the Cirmlating Water System is achieved through the addition of ai

15% solution of sodium hypochlorite. 'Ibe chlorination facility has a total storage capacity of 21,600
gallons stored in three tanks. These tanks are located in the chlorine storage building in a bermed
area sized to contain the capacity of all three tanks. Chlorine is injected into seawater and piped to

i the offshore intake structures where it is injected into the. Circulating Water System. During the
period from January 22, 1994 to March 22,1994, chlorination of the entire Cirmiating Water ,

System was halted in accordance with the chlorine minimiration program during a period of low
fouling when the ocean temperature was very cold. During this period chlorination of the Service
Water System continued due to its safety related function.'

,

During the remainder of the period, the chlorination system was operated on a regular basis.
Maintenance outages, resulted in the system being out of service for limited periods of time. These;

out of service periods suuod between May 24, 1994 and June 10,1994 during outages of the
Circulating Water System. Seabrook Station's Third Refueling Outage took place between April 9, -

1994 and July 31,1994, during which time the cooling water flow was reduced. Operation of the
Seabrook Station Circulating Water System and related flow of cooling water in millions of gallons

i per day (mgd) is presented in Figure 1.
.

.
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n
;

TRO Measurements

'

Discharge Total Residual Oxidant (TRO) measurements are obtained at the Discharge
| Transition Stmeture prior to cooling water entering the discharge tunnel. The TRO values
#

are reported monthly on the Discharge Monitoring Reports (DMRs) to both EPA and the
New Hampshire Department of Environmental Services. Following the reissuance of the,

NPDES Permit in September 1993, chlorine discharge limits were changed from a monthly'

average limit of 0.20 ppm monitored three times per day, to a monthly average limit of 0.15
.

ppm and a maximum daily limit of 0.20 ppm. Samples under the renewed NPDES Permit
| are obtained once per day at the Discharge Transition Structure. Durmg the repuidug period,

the TRO did not exceed the discharge limits as specified in the NPDES Permit. The average
'

: monthly and maximum daily values repuriod in the DMRs are provided in Table 1.
1 -

;

TABLE 1.

i AVERAGE MONTHLY / MAXIMUM DAILY
! TOTAL RESIDUAL OXIDANTS *
;

DATE AVERAGE MONTHLY (ppm) MAXIMUM DAILY (ppm)-

.' October 1993 0.09 0.17

November 0.07 0.11
1

j D w.rober 0.07 0.12
:

; January 1994 0.07 0.1

J February < 0.05 <0.05

March < 0.05 < 0.05 |

April 0.05 0.08
'

May 0.05 0.09. . .
J

June 0.06 0.11 ;

July 0.08 0.16

1

August 0.03 0.15 l
*

j ap - Nr 0.07 0.11

| October 0.07 0.12

November 0.09 0.12

F December 0.06 0.11

!
.

! * Now: Daily 11to values, for the put 15 membs m meuwed at de Discharge Transson saucare are shown in Figure 2.

~
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i

Chinrine Demand Evnhintinn '
,

'
During the period of Circulating Water System operation, an evaluation of the chlorine

: demand (utilization) in the Circulating Water System was conducted in accordance with the NPDES
Permit. The higher the chlorine demand in the ambient ocean water brought into the Circulating

i Water System as cooling water the more sodium hypochlorite is required to maintain an in-system
residual that will discourage the settlement and subsequent accumuintion of biofouling organisms.:

i
,

3 As presented in Figure 3, chlorine demand followed a pattern similar to that experienced in

! carlier years, low demand during the wmter season, increasing during the spring with increased
_

j biological activity and organic matter in the ambient ocean water. An additional peak is experienced
'

in the fall following the breakdown of the offshore thermocline which can restrict nutrient transfer
. between water strata. During the repudiug period, chlorination of the Circulating Water System was
reduced to the chlorination of only the Service Water System on January 22,1994. Chlorination of

.

the Circulating Water System was resumed on March 22, 1994. During the reporting period,
! demandses such that for all application dosages, chlorine in the discharge was below the detection

! level of 0.05 ppm.
,

1

; . Binnsnel inenetinne
,

Inspections of the biofouling panels were performed on a regular basis throughout the xriod.,

| Biofouling panels positioned in the forebays of the Circulating Water and Service Water Pumpoouses
have proven to be effective in monitoring spat settlement, as well as evaluating the effectiveness of,

'

chlorine application in controlling macrofouling organism accumulation and growth. Installation of
'

biopanels in the Intake Transition Structure was discontinued in September 1993 after repeated
unsuccessful attempts to develop a system that would withstand the harsh environment of circulating
water flows in this area.

<
, -

2 Inspections of the panels, two located in the Cirentstmg Water System forebay and three
,

"

located in the Service Water System forebay, have demonstrated that the application of chlorine
resulted in the inability of a biofouhng populatica to become ' established within the cooling water

I systems.

i
;. Biofouling panels are enntinuing to be used for the monitoring of biological settlement and

fouling in the cooling water systems. Settlement was found to be sparse from September 1993
through May 1994 on all panels. In March of 1994, a 50-65% algal coatmg was observed on panels-

in the Circulatim '%er Sy?n. Biomass began to renmnlata in late April, peaking in numbers in - '

: July. Diatoms, bhrnacles (Baianus spp.) and Anamia sp. were present, in addition to algae.
:-

North Atlantic's biological contractor, Normandeau Associates Inc. (NAI) has performed an
,

annual quality control check on the idennfication and enumeration of species that set on these panels.;

In August of 1994, NAI cougared the taxa observed on Seabrook Stations biopanels to that found4 ,

'
historically on offshore surface panels. During August, there are typically 2-3 species of colonial

d fauna frubularia sp., Loxosomatidae, Obelia sp.) and 2-3 species of Macroalgae mctocarpus

44

-
,

. - -



.. _ _ _ - _ _ ..- _ - - _ _ _ _ _ . _ _ _ _

4

4

$ l

! siliculosis, Pilmvelin httorahs, Ceramium mbmm, Polycinhnnin urcentatni found on offshore panels. I
Diatoms (Bacillariaohpyceae) typically cover between 60-100% of the panels as well. '4

Recruitment of flora and fauna on in-plant panels was fotnd to be sparse over the same
period. Four faunal taxa were identified on in-plant panels.- Mytihdie spat occurred on panels in the

; cirentating water and service water forebays. Anmma sp. occurred on servia 7'ater locations only,
1 two Imuna Xincta at the southern Circulating Water System panel and one Nudibrachia on the deep

| Service Water System panel. No macroalgae occmmi on any of the biopanels installed. Diatoms
(microalgae) measured in terms of percent coverage, occurred at three locations; 30% on the deep
Service Water System panel,10% on the northern Service Water System panel, and 50% on the.,

j southern Circulating Water System panel. In addition, mytilids and copepoda were observed on the
loose fibers of the rope that held the biopanels in the forebays.!

i
; Mnintenance and Surveillance
i
j

Periodic system surveillances are performed on cooling water system components including i

an evaluation of biosettlement and biofouling. In general, settlement of fouling orgamcmc, primarily
barnacles, in the Cirenlating Water and Service Water Systems, has been minimni. System

inspections have revealed that while there has been some debris, shell fragments, seaweed, and
i fragments of other organic matter, this material had not been growing, but had been transpunod from

elsewhere within the system. No impact on system performance was evident from the material,

obtained.'

In addition to the above surveillances, a diver-assisted remotely-operated vehicle, equipped
with a camera was used during the 1994 refueling outage to inspect portions of the intake and
discharge systems. Video tape obtained from these inspections indicates that while there is some shell

,

| debris and organic material in the system, there has no noticable change since the last inspection and
that there is no increase in the amount of settled organiemc.

.

!

2 6.cnnni chlorine Utilivstinn

| Condenser fouling is m tored through biopanel inspections, system maintenance
inspections, and by comyaring condenser back-pressure and inlet Cire"1 sting Water System,

; temperature to baseline values. An increase in back-pressure from the clean condenser baseline value

.

(no fouling) is an indication of biofouhng activity. This method has proven to be the most sensitive
| biofouling indicatar and is the primary input to the onsite chlorine management program with respect

~

to decisions regarding ciren1 sting water tunnel and chlorination parameters.

| 'Ibe following parameters are monitored by the Station Staff in obtaining
! information waary to determine system fouling:

.

Condenser absolute pressure*
,

Condenser exhaust hood absolute pressure*

I i

1

5
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f

Condenser inlet temperature*>

.

L A baseline curve has been established based on operational data obtained during Seabrook
Station operational cycles 1 and 2, during near-clean condenser conditions. The formula for the
baseline curve is a second order polynomial with fit to actual data over the entire range of operational
condenser cirMating water inlet temperatures.

.

3 .

2P = 0.000790 * T .0401 * T + 1.540 + F;

Where: P = Condenser Pressure
T = Condenser average circulating water inlet Empererare
F = Instrument drift correction factor.

-
,

,

When condenser back-pressure is less than or equal to 0.05 inches Hg above the baseline
value the monitoring frequency is at least weekly. If back-pressure is greater than 0.05 inches Hg the

'

j monitoring frequency is three times per week. Unit efficiency losses due to biofouling effects are .

most severe when back-pressure is greater than 1.8 inches Hg. However, even at lower temperatures; -

(ie., lower back-pressures), biofouhng effects can be significant and can occur over relatively short:

periods of time. As a result, chlorine parameters are carefully adjusted to maintain condenser back- ,

pressure as close a possible to the baseline condition.

f

i
4.0 Procram Activitiec

1

| During the operation of Seabrook Station, the Chlorine IWinimiration will continue to monitor the
effectiveness of chlorine application in preventing biofouling, wlile discharging the minimum ,

L achievable amount of chlorine to the environment. This program will evaluate the preseree of
; macrofouling organimmm through the monitoring of biopanels and through the inspection of cculing

system components, as well as microfouling by algae through the evaluation of the condenser '

,

back-pressure and comparing it to the baseline curve. To accomplish this, a number of specific
"

: activities are incorporated through thtNPDES Pemiit. These include:
:

In-plant TRO measurements at the Discharge Transition Structure,*

|

Documentation of demand values within the Cirm1= ting Water and Service Water Systems,*
,,

; ;

Inspections of biofouling panels, -
- *

Inspections of plant systems to determine the effectiveness of the Chlorine Minimintion*

Program on minimiting the settlement and memmutation of fouling organisms.
i
'

The calculation of condenser fouling by comparing condenser back-pressure and inlet*
i

Circulating Water System temperature to a baseline curve established for a clean condenser. |

; 6
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I

Sodium hypochlorite is being applied during those periods when the possibility of biofouling
exists. Information obtained from settlement panels positioned within the Circulating Water and

;

Service Water System forebays through system inspections and online condenser performarre
evaluations ensures that only the chlorine required to ninintain systems is being utilized to manage
biofouling organisms. While macrofouling organisms (barnacles and mussels) have the potential for
blocking water piping and restricting flow within beat exchangers, microfouling organi=mc (algae)4

,

can coat heat exchange surfaces and effect condenser efficiencies. Programs established at Seabrook :

: Station monitor the physical presence. of biofouling organisms through visual inspections and by
; measurement of plant efficiency. Maintenance of these programs ensures chlorine minimnation.

,
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Figure 2
SEABROOK STATION ~
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Figure 3 | ,

SEABROOK STATION ,'-
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\ North Nonh unk Eng Smin Corporation
i

N P.O. Box S00

# Atlaritic Seahrook,Nn 03874
.

-

WEAV (603) 474-9521

The Northeast Utilities System

4

NYE- 95002.

January 13,1995

:

; Environmental Protection Agency
Region I
John F. Kennedy Federal Building
Boston, MA 02203-2211

;

.

'

Attention: Mr. Edward K. McSweeney, Chief
Wastewater Management Branch-

| Reference: Seabrook Station NPDES Permit NH0020338

Subject: Request to Use Methoxypropylamine at Seabrook Station

Dear Mr. McSweency:
|

North Atlantic Energy Service Corporation (North Atlantic) hereby requests EPA approval to
.

initiate the use of methoxypropylamine (MPA) as a secondary chemistry control agent at Seabrook Station
, ,

pursuant to Part I, Section A.I.o. of the referen;ed NPDES Pennit.;

Currently North Atlantic utilizes ethanolamine (ETA) in conjunction with hydrazine as the
secondary chemistry control agents. Hydrazme and ETA are currently approved for water discharge at,

a maximum discharge concentration of 0.5 ppm as specified in Part I, Section A.I.o. of the referenced;

NPDES Permit. This combination of additives has proven effective in reducing final feedwater iron
concentration to 3-4 ppb. This range is below the 5 ppb guideline recommended by the Electric Power
Research Institute (EPRI), but still above North Atlantic's target of 1 ppb to help ensure reliable4

; operations and enhance steam generator integrity. The EPRI Advanced Amine Application Guidelines
and computer simulation using the EPRI supplied Aminmod computer code show that the use of MPA
in conjunction with ETA and a reduced hydrazine application will yield further improvements in:
secondary chemistry. Several utilities throughout the United States presently use MPA with excellent
results. Secondary chemistry control is a primary concern in Piessurized Water Reactors (PWR) with the
goal of minimizing the buildup of conosion products and maximizing the long term reliability of

.

equipment, particularly the Steam Generators.

The current NPDES Permit does not identify MPA as an approved chemical in Part I, Section
A.I.o. This section of the NPDES Permit requires written approval by the Regional Administrator and
Director or their designees for chemical substitutions. This section also requires that proposed
substitutions be demonstrated to have an aquatic toxicity less than or equal to the approved chemicals.
Accordingly, North Atlantic hereby requests that the EPA approve the water discharge of MPA at a
maximum discharge concentration of 0.5 ppm. In support of this request, North Atlantic has enclosed the
Material Safety Data Sheets (MSDS) for MPA. "Ihe toxicity data provided herein for MPA demonstrates ;,

that MPA has a lesser toxicity than Hydrazine (Reference NPDES Fact Sheet for Hydrazine toxicity). I-

'

1
l

|
r ___ *



:

Environmental Protection Agency January 13,1995
Attention: Mr. Edward K. McSweeney Page two

Should you have any questions regarding this letter, please contact Mr. James M. Peschel,
Regulatory Compliance Manager, at (603) 474-9521 extension 3772.

Very truly yours,

d'

R. Je DeLoach3

Director - Special Projects
4

RJD:TGP/act

Enclosure

ec: Mr. Ted C. Feigenbaum
Senior Vice President and
Chief Nuclear Officer

North Atlantic Energy Service Corporation
P.O. Box 300
Seabrook, NH 03874

Mr. T. E. Landry -

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

Dr. Edward Schmidt
Department of Environmental Services
Water Supply & Pollution Control
6 Hazen Drive
Concord,NH 03302

.
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i

:
i

'

i MATERIAL SAFETY DATA SHEET
:

|
1
4

i
,

'

! M SO r.o. Mr uns
-

i u- % Pittsburgh, PA152301346^

C0MPQRA7 ION
; ..

; 24 Hour Eniergency Tc.' ,.; -- $12)TT7 8000 i
:

i
i Sectka 1. FRODUCT IDENTIFICATION
i

1

j gg - gyg g . -....._ .

1, , :. . . . _..--e

| CHINICAL DESCEF110N: Aquiaous an.adne saludon
.

! PRODUCT CLAN: Cairosion irddhanc '

; MSDS CODE: 074702 0690
.

! Section L HAZARDOUS INGREDIENTS AND EXPOSURE LIMITS
,

; _ ..

1

: CAS 5 by
j Chandesi Nanna Mundame_ Weight OSHA PEL ACGIH 11N
i '

Methoxypsopylandne (MPA)- 5332-T&4 60 None established None estaWished,

: .
-

j .
-

.

! Section 3. HAZARDS IDENTHICATION

I
.. . .. w... . . . .

: ********************* E.M..E.R. GENCY OVERVIEW..*********************
t . . . . .

,
;

i- . . . . ..... . . . .

May came men eye and.stan damage.i

| May be hannfulif swaRowed.
i

i May cause aEe gic, skin seaction. ,,...:, ;. . . ,

j May enuse resi raenry teet.initation.d
i

! r-w.e:M= Equid,and vapor. |
.

i

: ... ... . . .. . . . . . a. ,, .. . 1

i **************************************************************** |, . . . . . .

| .

Eye and skin contact, '" ' " -a. Ingestica, skin absorption
.

I....t.' . . . . .r .. . . : .:. tin: ,. .:._

| PRD4ARY ROUT 1!S OF ECRY:
i ?

M muanna MSEdNERAS,,, ,,

MEDICAL CONDmONS AGGRAVATED BY EXPOSURE: Persons whh pME= skin or lung disorders !

may be munu c- -f- - to irritation. |

POTENITAL HEALTH EPPBCTS: , . . , , .. ..

! EYE CONTACT:1Els :-@~ would bh"W to cause were eye initadon on contact and possibly |
[ Pennanent irijary.

~ '

!,

1
-

.: 1
-

. . .

.

|

| . _ . , , .
.- ., _ , . . , . . - . - . _ _ . _ _ _ . _ _____ __ _ _-_ - - - - - - - -
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1

; MATERIAL SAFETY DATA SHEET
i

t*

| snN CONTACT 1his peduct would he spected to cause sevem skin initation on contact and possibly
i skin bans. & vapees may also be '.3M=; to the skin. Allergie dennatitis has haan known to

j occur in some cases after Iepeated exposure to r.d frvyp-..h Ilf ,. Ad not be

| apacted to be absorbed in hannful amounts.
;

. . .

me nausea, vomitins, and
| INGam0N: Ingesdon may muse nedents to severe gaside tentaden
| sevem pain. Ulmmadan er pedoestion af the gastrointestinal tract may also occur.
.

4

INHAIATION: Inhaladou ovesexposure to adst er vapor may muse nasal and branchial irritation and;

! namese, disdn=== and "; ' ' " Repeated inhalation can result in hmg injury.
i

j SUBCMONIC, CHRONIC: ..

' -!= may cause a persistent irdtation or dannatitis.
. sapessed skin ~=w+ wm "- ,g'-'b: EdVcname lung damage.i

Repenend inhaladen af " JA,, --,

:

CARCINOGINCIIY: ,

,

; N!P:
: *No W Meted in dds secdon*- < . - , . - '

4i IARC: -
. . . .... - . . . . _

| 'No ingredienta listed in this sendon*
i OSHA:

'No ingsdients listed in this section* . , , , , . ..,,

,
'' ~

i Section 4. ~.PIRST AID MEASURES . .. ..
.

,

-

.! .- .. ..

EYE CONTACT: In mee of contact, '- 'y Bush eyes with plenty of water for at least 15 minutes.
... . ..

'*-
-

;

; Seek medical aid !=- "- f .f.. . , ,, ,. , ,.
. . . .a . ... . . ..

| SIGN CONTACT:In case of contact', hadiaWy Sush din with enty of water for at least 15 minutes
~

,. . aid h,4=*=8 . Wash clothing7 !

| while zusaaving contandnated clothing a,n,dshoes . Seek -
. '.';

|

t

i bedesereuse. -- - -

';. ' t
.

. r- - ,

a. c.j ~ . . . . :..

t

j INGElmON: If swanowed, do NOT induce vomiting. Cive large -;=="% of water. Seek medial aid
: '- - af. Never gi anyedas by mouth te Mia puson.

_... . . ........s...... .

i INHALA13DN: If inhaled;rennove to hoekair.'if not l>aithing, sin artificial respiration. If breathing is
'

; difilcult, give amygen. Seek medical aid.
:

: Section 5.. PIRE-PIGHTING MEASURES |
I*

|
: . . .
4 . .

....... . . . ..

.. . . . ,. .,g,
"'

M ** duct.is a counbostnile uquld. jP.

LOWER PLAMhtABLE LDdtT '"NotivaEable-" "- " UPPER PLAhDdABut I.IhET: Not availablej
.. . .. .

i AUIO 3GNmON TEMPERATURE: "Not avaDable" "- ;-

I ..

ct=ntent " alcohol"' foam, cadim dioxide, or water spray.
.

.' EX11NGUISHING MEDIA: Use drj. i
-u. . . . . . . ,

d. . e ,s.
.. . . t . . .8 a...

,
.-

,
. ..: .'. '

. . , . . . . . .

_

. hae
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! MATERIAL SAFETY DATA SHEET
1

l
:
.

! PDtE.FIGHIDC DEIEDCDONS: Exiscise caution when Eshting any dietalcul Gre. A self _<- W
-

| 1=esihins Ppenha and paktin clothing am munBal.
1

. - . . -

un waw is km,s pend e coca.
. . . . . .

.

| PDtB & IDG'IDSION HAZAIDS: Padact vapens ase heavier than air and may travel a considasable
; distmace to a sospen af ignition and flash back. Product emits tade
j gness under fins aamd**==
;

j DECOMPOSMON PRODUC'IS: Thennel d=aa==paaldaa er combustion may ,.a carbon dicaidec
: C8!IMRt thannN|de ARhfana|A. gHd[g[ jdu UnidEs.g

i
d

! NFPA RA'!1 NOB: HasMi = 3 PisemabEty - 1 Reactivity = 0 Special Naratd = None !

,

j Hanned meisg sosia: Omnesimal != 5sght 2.uad==a= 3 5edous 4= Sevese

"
!. Section 6. ACCIDENTAL RECEASE l@BASURES j
.

)STEPS 10 M TAREN IF MATERIAL 18 RIEJ!ASED OR SPELED: VentEste area of spir. Resnove all sources

i ed Ignition. Weedng appsopsiate pomonal preisctive equipses4 contain spiB, coneet anto inset )
>

abaishmit and pieceinno suitsue anedner.. : :. -m - -
:

l
4

Section 7. HANDLING AND S10 RAGE.'

: .. . . ... . . . . . : : a .. . : .. ... . - . . . . i s .. s .. .

i HANDUNG: Do not get in om on skin'or dothing '. *. '.C ' y'.l . ..

-

j Avoid beenthing vapaior seist; . . . . 3C.,/'. . .' TT
j Use with adesp';ie ventBatson.
! t Wash i ; after handBagt. . t .. ... : - .O
j KeeF anniminar elesedshem notin user, . c. .. :n

i v...n . 2: .~:n u.:.1:~ t.
! STORAGE Keep away fnum heat'and Mame.

., .... . . .. .

.

i Section 8. EXFOSURE CONTROLS /.FERSONAL PROTECHON
'

. , , .
..f..:. e . . , . . . o :. .r: . n . . ._ . =- , 24

.

...u.

..

j

| PERSONAL PROTECUVE EQUIPMEND
| :.:.. : .:. ; ... .: . . . . ::.: . c s.:1.a :a..t'u : .O

~

j 1mIIFACE PIKyrnrnnNr..Chandent splash gogpesend face shield

j SEIN FROIBCDONC Chemien1W gloves aindyestecdvs doddng
REEFIRA3ORY 75tO!BCt10N:.Eahbosne.canamnerations become.frdtating, use a NIOSH approved

i

(29 CFR 1910.1M).
3. sgesmear. la. .aaaa=daaan wi.sh O. SHA sosphotory .. .se

- . . . 3 .I;

...3... .. ..i.

,. .
. . . . . . .. .. .. . . , .

|; ENGINEERING CONTROL 8 .,Imasi.anhaast weasamaa=..snayh regahed ist addition to general roosn ventsetion
. to mainssia abbonne aarv=a****iana below lentation levels. |. t :::: . . 2.

,

: w . . .. - . u . _ u ._.. ,... _ : - .n. - - -.

i WCEtK PRACDCES: Bye. wash'stetion.andfanasty. shower should be ana===#de in the immediate area of use.
j,

-
. . = . ..a. _ .i , -m... .-~

h . . ' . ,:..:p .' : :i: 2*r; . \
! *

.
.

. . . . . . . .. ..... .., .

. ;... . . . . .

. . .; A:'. : . : g, |
i

.. - . . . . u... j' '

;

Page 3
| MSDS Code DN74 06 90* , . . . . . . ..,..,.m.. hed an Page 4 |ggg . , . . ..

.

.. . , ... . c. .w. . .a- - . . . . .

;
.. .. . .. ... .

, . . .. .;...... . .. o . ......a.....

...s _ . . . . a . .- .m

I
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i MATERIAL SArrd DATA SHEET
)
i
'

_

1
-

j Section 9. PHYSICAL AND CHEMICAL PROPERTIES
,

1
1

i
^

t

] BOK2NG POINT: 241*F (for MFA) - - SOLUBEJTY IN WATER: P- - ;':t;-

4

! VAPOR PRESSUIE: 20 mmHg S 86'P (for SPEC!PIC GRAVITY: 0.950 - 0.970

MPA)
J
i

VAPOR DEN 9 TTY (air = 1): 3.07 (for MPA) pH: 10.4 - 11.6 (1 % solution)1

.I

% VOLA 11tJE BY WEIGHT: 100 PnF'7TNG POINT: Not available.

I APPEARANCE AND ODOR: Cear';?cNeilek Tfalighey amber, norwiscous ikguid with amine odor.
~

t

'l

4 Section 10. STABILITY AND REACTIVITY
,1 . . . . . . . . . . , , . . . . . . .

CHEMICAL STABEJrY: Stable - HAZARDOUS POLYMERIZATION: WE not occur'

t

I CONDETIONS10 AVOID: Esep away from heat and Same. ;
t

m =. !Strong axidizers and acids =. . =.=.=.7.. ,. . 1
i INCOMPA11BIIIIY:

, . ,..
4 . . .g ,

. , . ..

i DECOMPOSmo " PRODUCTS: Thermal decomposition _.ar, combustion may produce carbon dioxide, carbon
''''

; monadde,- --=-- ? ander' nitrogen @' '
''-~ -

s

Section 11. TOXICOLOGICAL INPORMATION' ' ~
i

c .c . w.- . . .i'
. . . . . . . . .

ON PRODUCT: ~"
,

See the foBowing inf'==.h au the main N-+"=" ..,..,:
;. . . ..,...

. . . . . . . . . . .

! ON INGREDIENT 5: . - . . .

j g g_ - M % Inhalah %..:. . .

. ;, - frat) frahtiti (rati
i C2unnical Npme . , . , . .. , ,

; Mn- ,, ,-/ M OdPA) ' ','' ~

~ 750 e@g-~' .;._'.~'_,. 2600 mg/kg 9.8 mg/l/4M~~

m . _ _ . _ _ _ . . . . . _ .. .

,

Section 12. ECOLOGICAL IN...PO. .RMm .I.ON ,.m.m.. =..AT1

2: . . _ . . . . . . _. . .n :.;
-

. . . . .. . . ,4 .,
*; *- ~^ ~ " # #'

I ON PODFX.T:
Aquaals tendeity dates . . .; gnnn ; . , ,; ...<......-_.s.. . . . ,

.

,g y ..

; 96 hr LCes,0AmegIE mmSsh): > 1000 ppag- . e.. .
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MATERIAL SAFETY DATA SHEET 1
'

,

i

!

m 13. DISPOSAL CONSIDERATIONS.
.

i
4

acxA STATUE: Discuded poduct, as sakt would be considsed a RCEA Namanious Waste because it
;

exhibits Sw * - " -- of ignitabutty and conosMty. The EPA Hasardous Waste Numbus are" -

i Doom and Doos.

DisrosAL: Dispose of in aannsdance with local, stain and fedanni regulations.;

4

section 14. TRANSPORT INPORMATIONi

I
1

j DOT Q.ASSIFICATION: ~
~

taneh I'!'!'bame d ilguld,'M n.o.s. (coniains ''.1. ir- ri- --|
"

* +)
'

N -

.

ydd, C si.:
j Pacidag arouy. m
i 3D Nasaben UN 29M

. .. -. . . - .
_

1

| Section 15. RECULATORYINFORMATION - ~- e -

i
" - - -

i
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TSCA: Thi"$-?'? 'st ads psodiist is asted as 'tKe Tsilis isistEHes contal Amt (rsca) Chanical
~

;
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1

: :i. n ::.i . : ;. 5 RQ ' .'.'~ |
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'

i
'

'No ingsodents Este:

i : .s .
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MATERIAL SAFETY DATA SHEET

Section10 OTHERINFORMATION ..

mas xAnNGE Hashh = 3 HammabGity = 2 Ranctivity = 0
P-anal Psolectivs !W = X (to be speci$ed by user depending on use conditions)

named mains mals o-winannt 1-sEght 2 Modernes 3.$selous 4=Smre

MSDS REVISION SUbOdARY: Supersedes MSDS laoued on 8/17/118. W MSDS has been hp in
Secdons 3 and 12. ,

' :? ?.?-N. (". ' W.
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i North North Atlantic Energy Service Corporation
P.O. Box 300 '

' Atlantic Seasroot,Na o3874
. '

l (603) 474-9521

The Northeast Utilities System

hTE- 95009

May 5,1995

Mr. Edward K. McSweeney
Wastewater Management Branch
US Environmental Protection Agency
John F. Kennedy Building
Boston, MA 02203

References: (a) Nonh Atlantic Letter NYE-94016, dated October 12,1994, " Fish Impingement,"
Mr. R. J. DeLoach (North Atlantic) to Mr. E. K. McSweeney (EPA)

(b) Seabrook Station NPDES Permit No. NH0020338'

,

Subject: Impingement Monitoring at Seabrook Station

Dear Mr. McSweeney:

In an October 12,1994 letter (Reference (a)] Nonh Atlantic Energy Service Corporation (North
'

Atlaatic) reported that it had not accurately counted the number of small fish impinged on Seabrook
Station's travelling screens during the plant's first four years of operation. Impingement monitoring is
conducted as part of Seabrook Station's biological studies program and is a requirement of the NPDES
Permit [ Reference (b)]. This inaccurate data had previously been reponed in the Annual Environmental
Studies Repons (1990 to 1993). Nonh Atlantic explained that small fish, concealed in screen wash debris
had been overlooked by plant personnel responsible for separating fish from debris and subsequently the
impingement monitoring program had been improved.

During the November 10,1994, Technical Advisory Committee Mee'ing, North Atlantic discussed.

the impingement monitoring program deficiencies and the steps taken to enhance the program. North |
Atlantic indicated that it would report 1994 fish impingement data, in early 1995, once additional data had
been collected. - |

'

North Atlantic subsequently held meetings with representatives of the Technical Advisory |
Committee to discuss the fish impingement monitoring program (New Hampshire Department of |

Environmental Services and the New Hampshire Fish and Game Depanment on February 17, 1995; i

National Marine Fisheries Service on February 17,1995; and the Environmental Protection Agency on |

March 9,1995). His letter provides impingement monitoring data for 1994 and 1995, to date. |
I

.

During 1994, approximately 19,000 fish were identified in impingement samples at Seabrook
Station (Attachment 1). Most of these fish were identified in impingement samples during the last quarter
of 1994 due in part to the enhanced impingement monitoring program which began in September 1994.
However, North Atlantic has historically observed increased fish impingement during the fotath quarter
when stormy weather creates rough seas and disturbs the water column resulting in the disorientation and i

movement of fish off the bot:om. |

|
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US Environmental Protection Agency May 5,1995d

Attention: Mr. Edward K. McSweeney Page two
.

Attachment 1 includes the size ranges for four species, winter flounder, windowpane flounder,
pollock and hake impinged at Seabrook Station during the founh quarter of 1994. Attachment I also
includes impingement data for 1995 to date. The majority of the fish impinged are smaller than 15 cm.
(6 ital es) in length. It should be noted that the large impingement event which occurred during early
Febnwy 1995 was the result of the northeast stonn. |

1

North Atlantic's biological consultant Normandeau Associates,Inc. (NAI) reviewed the 1994 fish
impingement data provided by Nonh Atlantic. NAI indicated (Attachment 2) that no rare, endangered,
or threatened species were impinged at Seabrook Station. NAI stated that while it is difficult to access
the ecological significance of the loss of 19,000 fish from the Hampton-Seabrook Coast, the number of
fish impinged does not make up a significant ponion of the total fish community in the area. In addition,
NAI indic:ted that the impact to winter flounder could potentially be reviewed by means of a winter<

flounder tagging study in lieu of the estuarine fish monitoring pmgram. North Atlantic will review this
issue with the Seabrook Ecological Advisory Committee (SEAC). The SEAC, which consists of five
regional university professors, was established in 1994 by North Atlantic to review Environmental Studies
Program issues.

In January 1995, Noi:h Atlantic further enhanced its impingement monitoring program by using
biologists and envimnmental personnel rather than plant personnel to separate fish from screen wash debris
during the weekly screen wash. When direct counts of fish are not practical due to the large volume of

,

screen wash debris, fish from a representative sample of debris are counted and extrapolated to estimate:

the number of fish in tLe uncounted debris volume. During screen washes which occur on days other than
the weekly screen wash, the fish impingement data is estimated based on the volume of screen wash debris
and the fish impingement data collected from that week's " counted" screen wash debris. North Atlantic
will continue to evaluate the effectiveness of this improved impingement monitoring program during 1995.

In a related matter, Nonh Atlantic has observed the impingement of several harbor seals during

| the last two years. This situation was also discussed at the November 10,1994 Technical Advisory
Committee Meeting. In a January 5,1995 letter to North Atlantic (Attachment 3), the National Marine
Fisheries Service made a number of recommendations regarding seal impingement incidents. Based upon
these recc,mmendations, Nonh Atlantic is currently conducting weekly surveillances of its pumphouse

,

forebays and is maintaining accurate records of seal impingements. Attachment 4 describes seal
impingement events since 1993.

:
NAI has also reviewed the seal impingement events and provided an independent evaluation

(Attachment 5). Based upon these reviews, North Atlantic believes that the seal impingement events are
a recent phenomenon primarily due to an increased population of seals in the area. Nonh Atlantic will
continue to evaluate and report seal impingements.:

If you require additional information, please contact Mr. James M P~hel, Regulatory
Compliance Manager at (603) 474-9521, extension 3772.

Ve truly yours,
/

# #

Bruce . Drawbridge
Executive Directo - clear Production

Attachments
,

_ - _ - _ - - -
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US Environmental Protection Agency May 5,1995
Attention: Mr. Edward K. McSweeney Page three -

;

cc with attachments:
'

'
Dr. John Tietjen Dr. Saul Saila

i 134 Palisade Avenue 317 Switch Road
Leonia, NJ 07605 Hope Valley, RI 02832;

^

Dr. W. Huntting Howell Dr. Robert Wilce

] 12 James Farm Department of Biology
Lee, NH 03824 221 Morrill Science Center

University of Massachusetts
,' Amherst, MA 0100)

a

Dr. Bemard J. McAlice Mr. Ted C. Feigenbaum-

Darling Marine Center Senior Vice President and
University of Maine Chief Nuclear Officer
Clarks Cove Road North Atlantic Energy Service Corporation
Walpole, ME 04573 P.O. Box 300d

Seabrook, NH 03874 ;

'

Mr. Jefhey Andrews Mr. Nicholas Prodany
Supervisor, Industrial Permits Section Permit Compliance Section

j Dept. of Environmental Services Environmental Protection Agency
Water Supply & Pollution Control Division John F. Kennedy Building

) 6 Hazen Drive Boston, MA 02203
Concord, NH 03302*

Mr. Robert Estabrook Mr. Eric Nelson
! Dept. of Enviinnmental Services National Marine Fisheries Service

Water Supply & Pollution Control Division Northeast Region.

6 Hazen Drive One Blackbum Drive
Concord, NH 03302 Gloucester, MA 01930

,

Dr. Edward Schmidt Mr. Jack Paar
Dept. of Environmental Services Environmental Protection Agency
Water Supply & Pollution Control Division 60 Westview Street
6 Hazen Drive Lexington, MA 02173
Concord,NH 03302

Mr. John Xelson Ms. Marcia Bowen
'

NH Fish and Game Department Normandeau Associates,Inc.
37 Coxord Road 38 Lafayette Street
Durham, NH 03824 P.O. Box 202

Yarmouth, ME 04096

,

4
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NORMANDEAUASSOCIATES| Normandees A:secume
*

26 Nashua Road
Becronf. NH 031745500 ;

*

#03472 Sf 97 Ref. No.15400.007 i

| t0044721052(Fax) .

i
j 15 February 1994

\'19 6'

RAS |
4

Mr. Jeb DeLoach ;
, '

j Seabrook Station
J Lafayette Road
' Seabrook, NH 03874

| .

I
j Dear Mr. DeLoach:
;

i In 1994, approximately 19,200 fishes were estimated to have been
impinged at Seabrook Station, according to North Atlantic Energy Services i

| Corporation (NAESCO). Impingement estimates in previous years ranged from

} 499 to 1,173 with a mean annual impingement estimate of 957 fishes (NAI

[ and NU 1994). Prior to 1994, annual impingement estimates at Seabrook
* ,

i Station were well below impingement estimates for New England power plants
;

| with marine intakes (Table 1). The 1994 estimate for Seabrook Station,

| although higher than previous years, is at the lower end of the range for
j similar New England power plants.

| The majority (981) of these fishes were impinged in October through

h December. The most numerous fishes impinged were Atlantic silverside
!

|-
(28%) followed by haka spp. (151) grubby (141), pollock (9%), and winter

-

! flounder (7%). Together these fishes made up 73% of the total number of
fishes impinged. No rare and endannered. or threatened seecies were -

:

i

F inninged.

f The ecological significance of the loss of approxiastely 19,000 fish
from the Hampton-56. brook coast is difficult to assess. No data are
available on'the absolute size of the fish coemunity off Hampton Seabrook.,

! However, some relative measures of fish abundance are available from the

! Seabrook Station finfish monitoring program. The purpose ' f the finfisho

.' monitoring program is to identify trends in fish abundance between the

! preoperational and operac.ional periods,' and to characterize the fish

; community in the study area. Twice par month, two 24 hour gill not sets
i are collected at three stations, and two 10 minute crawls are taken at

three stations. Once per month from April through November, two replicate'
,

I
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seines are collected at three stations. As such, the program probai:ir
j samples a small fraction of the fishes present in the community becae

,

the program is designed to detect trends in the community, not to
,

enumerate every fish in the area. If the number of fish captured in the;

finfish monitoring effort is similar to the number impinged, than the
3

14

; number of fish impinged probably does not make up a significant portion of )

j the total fish community in the study area.

I A total of 11,464 fish were removed as part of the Seabrook Station
monitoring program in 1994. This quantity represents 60% of the e'stimated

i total impinged at the Station and is within the same order of magnitude as

) the number of fish impinged. gesch seine sampling (48 samples), gill

! netting (54 samples), and otter trawling (70 samples) contributed 5,975,
i 1,184 and 4,305 fish respectively (Table 2). It is not likely that 19,000

j fish is a significant portion of the Hampton-Seabrook fish community if

| 11,464 fish can be collected in 172 samples during 1994.
Atlantic silverside (5,348) were the most numerous fish impinged in

j 1994 These fish were primarily young-of-the-year (YOY) based on length

! measurements. This fish is extremely numerous in New England estuaries
1

and is found occasionally in otter trawls and rarely in sill nets (NAI

! 1993). The population size of Atlantic silverside in the Hampton Seabrook
i estuary is unknown, but probably is several orders of magnitude greater
j than the number impinged. Atlantic silverside leave the estuary in the

| winter as temperatures drop and overwinter in waters less than 40 m deep
i (conover and Muravski 1982). These fish were probably impinged by the
I Seabrook intake during their winter offshore movement.

| Hake app. (2,822), grubby (2,678), pollock .(1,681), and winter

! . flounder (1,436) were the next most numerous fish impinged. According to

| age estimated based on length, the majority of these fishes were YoY,

) although some winter flounder as large as 35 cm were impinged. YOY fish
! are probably more vulnerable to impingement due to their weaker swimming

~

! powers compared to older fish. The removal of these fishes from the
; Hampton Seabrook area is probably not ecologically significant, although

the loss of 1,408 juvenile winter flounder may be of concern because of;

I

: its commercial importance and presene. Iow stock 'evels.
:
i
|

| 2
i

d

I .
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A winter flounder tagging study could help determine if the
impingement losses "of juvenile winter flounder are ecologically
significant to the Hampton Seabrook winter flaunder population. A cagging
pro 5 ram may be able to estimate the population size of winter flounder in'

the estuary during the summer, and estimate the proportion of these fish
that are impinged at Seabrook Station. Such a tagging pro 5 ram could be
substituted for the present estuarine fish monitoring program, and would
provide more meaningful data for determining any potential impacts to the
estuary from the operation of Seabrook Station.

If you have any questions regarding impingement at Seabrook Station,
'l

please contact me or Ms. Marcia Bowen.
Sincerely,-

NORMANDEAU ASSOCIATES

\ D
i e

I
4

,

Geogh)es M W
P

Fisheries Bio istQ.

cc: M. Bowen (NAI)
J. Shipman (NI.I) ./
R. Sher (NAESCO) V
K. Dow (YAEC)

!

I.ITERATURE CITED

Conover, D.O.,and S.A. Mursvski. 1982. Offshore winter migrations of
the Ac1' antic silverside, Menidia menidia. Fishery Bulletin
80(1):145-150.
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TABLE 2. Numbers of fish collected and number of samples taken during the
1994 finfish monitoirng program for Seabrook Station.

,

1
1.

!

NUMBER OF NUMBER OF

| COMMUNITY CEAR SAMPLES FISH COLLECTED
,

Estuarine fish Seine 48 5,975'

i Pelagic fish Gill net 54 1,184

i
Demersal fish Otter trawl _Z9. L19.1

:

$ TOTAL 172 11,464
:
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UNITED STATES DEPARTMENT OF COMMERCE/ ' ,h National Oceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE. .

NORTHEAST REGloN
.

k%[ one Blackburn Drive
Gloucester

January. MA 019305, 1995

R. Jeb DeLoach
Director, Special Projects
North Atlantic Energy Service Corp.
P.O. Box 300
Seabrook, NH 03874

Dear Mr. DeLoach:

This is a follow-up to discussions between the North Atlantic
Energy Service Corporation (North Atlantic) and the National
Marine Fisheries Service (NMFS) relevant to the recovery of two
seal carcasses in the fore-bay of the Seabrook Station last fall.
The following recommendations were discussed with Mr. Ronald Sher
of your staff concerning measures that should be taken by North
Atlantic to address this issue ,

Visual inspections of the fore-bay should be conducted weekly.-

Suitable recovery equipment (e.g'. grappling hook and line)-

should be on-hand for immediate carcass retrieval.
When a carcass is observed, the National Marine Fisheries

!
-

Service and the New England Aquarium should be notified !
immediately.

)A necropsy should be performed by the New England Aquarium to-

determine, if possible, the cause of death and the animal's
condition just prior to death. Costs associated with this
would be incurred by North Atlantic. -

An incident report should be completed by North Atlantic and
{

-

promptly submitted to the NMFS (sample attached) . This ireport would include finfish impingement data to help i

determine if a correlation between finfish and seal presence
can be made.

Travelling screens should be checked more closely for the-

presence of seal remains. Any finds would require notifying
the NMFS and submitting a completed incident report. 4

In addition, the use of deterrence devices should be explored in
the event seal interactions become more frequent. Bubble screens
and acoustic devices are some of the methods currently available.
Seabrook Station may be required to obtain a "small-take
exemption" permit as promulgated under the Marine Mammal
Protection Act if it is determined that seal mortalities are
increasing and unavoidable.

. ..
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Please contact Lieutenant Eric Nelson at (508) 281-9118 with any
questions regarding this letter.

Sincerely,
1

*

'''
h' g. &

Chris Man aris
1 Division Chief

Enclosure

cc: F/NE02 - Doug Beach
EPA, Boston - Ted Landry
New England Aquarium, Boston - Greg Early
NH Fish and Game Department, Durham - John Nelson
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J

Mr. Jeb DeLoach
North Atlantic Energy Service Corp.i

; January 27, 1995
; Page 2

:

J

; From the information available (gill net collections, impingement data),
it is not possible to determine whether the recent impinsement of seals is,

simply related increased numbers of harbor seals or due to some attractivea

quality of the intake structures. It would.be advisable to begin keeping good
j records, as advised by NMFS, to determine if there are patterns or correla-

tions between fish abundance in gill nets and impingement collections. As we
are not certain that the intakes are an attractant to seals, I would not.-

I recommend consideration of any deterrent measures now. According to Greg
Early, measures such as pingers are effective only for short periods of time;,

i long term use can actually attract seals. Other seasures such as barrier nets
4 may have adverse effects on other biota or decrease the efficiency of the ;

| intake system. As additional information becomes available, I'll be happy to ;
help you further evaluate this situation,

"

a

Sincerely,
1

NORNANDEAU ASSOCIATES
! - )

1

; Marcia Bowen i

Project Manager {

References cited: )a

!

, P.M. Payne, and L.A. Selser.1989. The distribution, abundance and selected
! prey of the harbor seal, Phora vitulina concolor in Southern New England.

Mar. Mann. Sci 512): 173-192.
,

j,

j M.K. Kenney i J.R. Gilbert.1994. Increase in harbor and gray seal populations !
; in Maine. Report to National Marine Fisheries Scource.
4

J.R. Gilbert, 1994. Barbor seal distribution in Maine. Prepared for Maine
i Department of Environmental Protection and Maine Department of Inland Fisher-

,ies and Wildlife. !,

I
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SEABROOK STATION<

SEAL IMPINGEMENT DATA,

:
(

DATE DESCRIPTION OF SEAL REMAINS COMMENTS

) 10/25/93 One intact seal recovered from the screen Reported event to Doug Beach, NMFS.
wash debris. Seal appeared to be a-young. New England Aquarium (NEA) picked up
of-the-year. First time an intact seal was seal for analysis (11/15/93). Greg Early,

I discovered in the cooling water system. NEA, indicated that the pup was a young-of-
the-year and was in good condition. He'

explained that it must have been disorie'nted
to be taken into the Intake Structure.

k

j 10/77/94 Seal skull recovered from screen wash Specific date not recorded.

! debris.

| 10/27/94 Two intact seals were recovered from the Reported event to NMFS New England
i Service Water System Pumphouse by divers Aquarium picked up seals for analysis.

! contracted for work on the Service Water Note: Hundreds of schooling pollock were
System outage. also impingement by the cooling system'

i
during the last week of October and the first

4 week of November.
i

.

! 11/07/94 One intact seal was identified in the Se:vice Reported event to NMFS and New England

| Water System (SWS) Pumphouse Forebay. Aquarium. Subsequent screen washes

The seal could not be recovered as the SWS removed parts of this seal over the next
; was in operation. 'Ihis animal appeared to several weeks as it decayed. See items
,

; be larger than previous animals and may below. Note: Hundreds of schooling
have been an adult. pollock were also impingement by the

cooling system during the last week of
October and the first week of November.

:

| 11/23/94 A New England Aquarium seal flipper tag Reported event to NMFS and New England

i (blue tag, no. 7) was recovered from the Aquarium. Tag may have been from seal not
j screen wash debris. recovered on 11/07/94.

I 11/30/94 Two seal skulls were recovered from screen --

wash debris.
)

01/24/95 One seal skull,2 vertebrae and two other'
--

! bones were recovered from screen wash

[ debris.
_

! 03/14/95 One seal skull (separate cranium and jaw- --

appear to be from same animal) recovered
from screen wash debris.

05/02/95 Fivejaw bones--appear to be from same --

, *

animal recovered from screen wash debris.
!

. - _
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25 Nashua nosd - '

Bedfonf. NH 037f&$500 i

t80@ 472 519f .

.' (803) 472 7052(Fss) January 27 1995
,

Mr. Job DeLoach
North Atlantic Energy Service Corp.
Seabrook Station, Box 300
Seabrook,' NH

,

Dear.Jeb:
,

At your request, Normandeau Associates has investigated possible causes '

surrounding the seal impingement that has occurred at Seabrook Station. We
contacted the New England Aquarius and' National Marine Fisheries Service and
reviewed several recent publications on harbor seal distribution.

The number of seals impinged has been increasing. The first seal was
impinged in 1993. Three seals were impinged in 1994, of which two bodies were
recovered. In addition, three skulls and a seal tag were also recovered. Two' ,

|
factors seem to be at work in the increased numbers of seal impingement at

! Seabrook Station. The population of harbor seals in New England is increas- '

i ing. A recent study demonstrated that the population of harbor seals in
Southern Maine and New Hampshire (Isle of Shoals to Penaquid Point) has nearlyi

i doubled since 1986 (Kenney and Gilbert 1994).
i

! The second factor is the time of year. Harbor seals migrate to the
!

warmer waters of Massachusetts, Rhode Island and New York in fall, returning
! ' to northern waters in April (Payne and Selser 1939 cited in Gilbert 1994),
i Increased numbers of seals passing through New Easpshire waters increase the

'

i probability of coatact with the intake structures.
t

i The central question is whether the seal impingement has been a randon
| event or a result of an attraction to the intake structure. According to Greg

Early of the New England Aquarium, the seals ow=4=ad were young pups, whichi

!
tend to be distributed in inshore areas. The tag recovered was that of a

! rehabilitated seal that was recently released. Pups are less experienced in
dealing with new and potentially dangerous situations. Rehabilitated seals

,

1 are particularly susceptible to hasardous situations because they lose =any of
I their natural behavioral instincts while living in a controlled environment.

I Seals in general are omnivoroes, and are ne restricted to consuming.

fish. Two impinged semis had fed recently, as sudenced by the presence of*

fish in their stomach. It's possible that the seals were feeding near thej

| intakes. Large numbers of pollock were impinged in October and Novecher 1994,
L. when seals were also impinged although numbers'of fish in gill not samples

were low at this tisrs. However, few pollock or other fish were present in
,

: gill net collections and impingement samples from October 1993, when another
seal was impinged. Identification of the fish species in the seal stomachs by

7

; NMFS at Woode Hole will help to determine whether seals were feeding on the
same species as those impinged. We have observed pollock near the intakes but
believe they are transitory and do not inhabit the structures.,
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