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SUMMARY

Millstone Nuclear Power Station is located on the north shore of Long
Island Sound (LIS) in We .::ord, Connecticut. The station consists of
two operational units with a combined cooling water flow of 2,155 cfs,

and a third unit under construction.

Intense study of the potential impact of Millstone Station on LIS was
initisted in 1968. Studies have been modified and expanded to assure
that assessments represent state-of-the-art, This report presents 1979
results and provides compariso. s with previous years as a basis for

impact assessment.

Impingement

The total numbers of fish impinged in 1979 at Unit 1 and 2 were 39,403 and
26,479, respectively. The 1979 totals represented an increase compared to

1978 with Unit 1 increasing 59%. Winter flounder was the dominant species
and together with silversides and three-spined stickleback comprised

over 59% of the total at each unit.

The 1979 macroinvertebrate impingement total was 36,872. The total
catch for each unit was similar. Squid and lady crabs combined represented

90 and 85% of the total at Units 1 and 2, respectively.

An adverse impact on local populations from impingement losses was not

apparent for those species studied. This conclusion was based on trends
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observed in the impingement data and on assessments made from routine
otter trawl, seine and gill net collections, as well as from winter

flounder and lobster population dynamics studies.

Plankton

Seasonal density of phytoplankton, zooplankten, fish eggs and fish

larvae were monitored in 1979 and compared to the previous three vears.

In 1979 the seasonal density and species composition of phytoplankton
was similar to other years with a few exceptions. The density of
phytoplankton was lower over April, May and June due to a decrease in

the dominant diatoms Skeletonema costatum and Thalassiosira spp. Several

other species of diatom or a group of chlorophyceans showed relative
increases in density for 1979 which tended to restore phytoplankton cell

densities to more usual levels in these spring months.

The zooplankton community monitored over the first four years of two-unit
operation showed considerable similarity of species composition and
seasonal density from one year to another. Operation of the power plant
appeared to have little or no effect on the -.oplankton community. Total

zooplankton, Acartia hudsonica, and Eurvtemora herdmani showed a slight in-

crease in mean density in 1979 while Temora longicornis, Centropages

typicus, C. hamatus and gammarid amphipods showed only a slight decline.

Fish eggs and fish larvae have also been similar in species composition

and seasonal density over recent years. The few changes that occurred



from one yea: to another appeared to be natural population responses.
Density of total fish larvae increased in 1979, primarily a reflection
of increases in sandlance larvae and anchovy larvae. Winter flounder
larvae showed no significant differences in density over the last four
years. Using winter flounder as an example of the order of magnitude of
expected entrainment impact, the similarity of larval density ana the
sustained or increasing adult populations found in Niantic Bay together

suggested minimal impact of plant operations on *his local fish.

Intertidal Rocky Shore Survey

Rocky shore areas adjacent to Millstone Point support a rich and diverse
community throughout the year. In 1979, a total of 103 algal species
were collected from seven sites. Included were /5 red algae, 26 browns

and 32 greens. Richest collections were usually made in the Fall.

Degree of exposure was the major factor influencing species distribution

and the rate of recolonization. Grazing and predation also played an important

role in structuring these communities, as evidenced by the exclusion cage

studies.

Studies of Ascophyllum nodosum showed this alga to be present and growing at

normal or enhanced rates within 70 m of the effluent discharge.

No detrimental differences occurring between stations in 1979 could be

attrid _ed to effects caused by power plant operation.
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Benthic Sand Infauna

A total of 240 benthic infaunal samples was collected at 2 intertidal
and 4 subtidal stations during quarterly sampling from September 1978 to
June 1979. Deposit feeding annelids accounted for 79% of the 35,998
individuals collected. Polychaetes were most diverse with 103 species

collected while oligochaetes were numerically most abundant. Densities

were higher in 1979 than in the previous vear; the increases were generally

attributed to the smaller mesh sieves used in processing 1979 samples.

Species diversity at most stations was similar to previous vears.

The Intake site was most unique of all subtisal stations, particularly
with respect to species composition and density. These differences were

probably due to the tidal currents characteristic of the Intake area.

During 1979, no changes in subtidal or intertidal infaunal communities
could be attributed to plant operation. Differences in species composi~-
tion and density, between 1979 and previous years were probably due to
the change in sample processing techniques and the na‘urally occurring
fluctuation of shallow water benthic communities typical of those in the

Millstone Bight.

Lobster Population Dynamics

Characteristics of the lobster population of the Millstone Point reglon
were monitored in 1979 using pats set at three locations from May through
October.
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Total catch per unit effort in 1979 was higher than that reported pre-
viously. The difference was attributed to changes from wood to a complement
5f wood and wire pots. Seasonal catch variations resulted from increased
activity relative to increased water temperatures and the occurrence of

molting in the late spring and fall.

Size distribution was similar to that reported since 1976 and to those
from surrounding areas. Length frequemcy histograms suggested the study
area was subject to a high rate of exploitation. Percent of legal size

lobsters was generally lower than in surrounding areas.

Except for a few individuals, movement between stations was ninimal.
The deepest station supported the highest percent of berried females and

total females.

Molting periods in the spring and fall reported to occur in LIS alse
occurred in the Millstone ar:a. The onset of molting appeared most

affected by water temperature in the 14°¢ vo 16°¢ range.

The mean monthly population size estimated from tag and recapture data
increased in 1979 to 5,877 but remained within the 95% confidence limit

of the 1978 estimate.

Since most of the population characteristics remained similar to those
in prior years and to those in surrounding areas it was concluded that
power plant operation was not adversely affecting the local lobster
population .

viii



Exposure Panels

The pctential impact of Millstone Station on marine boring and fouling
organisms has been monitored since 1968 through the use of exposure
panels. During 1979, twelve phyla composed of 102 taxa were reported
from panels. The number of taxa at each station ranged from 40 to 81.
Red algae were the most diverse flora followed by greens and browns.

Molluscs and arthopods were the dominant faunal groups.

Community composition of fouling and wood boring corganisms in 1979 was
similar to previous years. Differences in abundance between wood and
asbestos panels were attributed to the presence of large numbers of one

or a few dominant species usually wood bores.

Seasonal variations at all stations but the Effluent were indicated byv an
increase in species abundance and diversity between May and November.
Spatial differences in species composition at the Intake were attributed
to physical factors; at the Effluent it was attributed to the warmed sea-

water discharge.

Fish Ecology

Fish populations in the Millstone Bight have not been adversely affected
by operation and conscruction of power plants on Millstone Point. Ten
vears of shore zone seine, eight vears of gill net and six years of trawl

collections provided the basis for assessments.
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From Mav. 1969, through December, 1979, a total of 291,470 individuals
representing at least 86 species of shore-zonme, pelagic and ground fish
was recorded from 4,637 samples. Total catch and total number of species
varied periodically, however, no net change in these parameters was

detected.

Power plant impact assessments focused on those fish species subject to

impingement and entrainment which were abundant in trawls, seines and/or

gill nets.

wWinter flounder was most abundant in trawls during 1979. A shift in the
area of dominant catch from Niantic River to Niantic Bay occurred and

was thought to be a reflection of ecological changes in Niantic River.

Silversides, the second most important impinged fish, was caught in
highest numbers by seines in Jordan Cove. Annual catches were not

significantly difterent before and after power plant operations.

Cunner have become increasingly more abundant in gill nets at two near

shore locations where riprap may have provided added habitat,

Adult menhaden catch in gill nets decreased over time whereas juvenile
abundance in .eines did not change. Abundance of several other important
species including grubby, anchovies, tautog, silverhake and windowpane

remained unchanged.



Winter Founder Population Dynamics

Tag and recapture information was used in the Jolly-Seber formulation to
estimate winter flounder populaticon size in the Niantic River from March
through May, 1975-1979. The estimated population decreased from a peak

of 160,000 in 1975 to lower but consistent levels thereafter. The

anumber of spawning females ranged uniformly between 11,000 and 14,0600,

Catch per effort in otter trawls also decreased from 1975 to 1976.
Abundance over all stations increased in 1978 an! peaked in 1979.

Trends observed at Millstone reflected those reported regionally.

Various population parameters including age structure, fecundity, and
length distribution were also determined for the Niantic River population.
Age structure based on scales and otoliths since 1977 was uniform.
Survival coefficients between ages 2 and 3 were within ranges reported

in the literature. Mean length by age was found to decrease from the

1975 year class through the 1977 year class but reflected events operating

in the larval stages in Niantic River.

Based on regional trends and on the various population parameters studied,
it was concluded that operation and construction of power plants at
Millstone have not had an adverse impact on the local winter flounder

population.
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Heavy Metal Analysis

Concentrations of copper, zinc, chromium and lead in seawater and 1in
oyster and mussel tissue (exclusive of lead) were monitored five times
each year since 1971. Of the metals studied, chromium and lead occurred
in the smallest concentrations in seawater, usually less than 4.0 ppb.
Concentrations of soluble and insoluble phases of all metals studied
showed a general decline over the years. This decline was thought to

reflect improvements in analytic2l technique rather than actual decreases.
Higher concentrations of heavy metals, particularlv copper and zinc,
were found in tissue of oysters and mussels influenced by the effluent.

However, there was no noticeable long term increase in heavy metals in

seawater or indicator molluses in the surrounding waters,

Osprey

The osprey, Pandion haliaetus caralensis, or fish hawk, has received

special attention at Millstone since 1967 when an artificial nesting
platform was substituted for an unused derrick dismantled during con-
struction of Unit 1. Two additional nests have been added since. To

date, a total of 23 ospreys have been fledged from these nests represent-

ing 18% of all Connecticut fledglings since 1969.
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INTRODUCTION

Millstone Nuclear Power Station is located on the north shore of

Long Island Sound (LIS) in Waterford, Connecticut. The station consists
of three units located on a peninsu. . “ounded by Jordan Cove on the east
and on the west by Niantic Bay (Fig. 1). Millstone Unit 1, which
commenced operation November 29, 1970, is a 652-MWe boiling water
reactor (BWR). Unit 2 is an 870-MWe pressurized water reactor (PWR)

and began operation October 17, 1975, The operating history of Units 1
and 2 is shown in Table 1. Construction of Unit 3, an 1,150-MWe PWR,

was initiated in August, 1974. Commercial operation is planned for 1986,

All three units employ once-through condenser cooling water systems.
Cocling water is drawn generally from depths greater than four feet below
mean sea level by separate shoreline intakes located along Niantic Bay.
The intake structures tvpify shoreline installations with coarse bar
racks and traveling 3/8-inch mesh screens. The rated circulating flows
for Units 1, 2 and 3 are 935, 1,220 and 2,000 cfs respectively. From
discharge structures, the heated (25°F a1) cooling water flows through an
abandoned granite quarry and returns to LIS through a cut equipped with a

fish barrier.

The potential impact of Millstons Nuclear Power Station on LIS has been

the focus of intense study since 1968, The early biological investigations
included exposure panels for monitoring boring and foulin., ~ommunities,
surveys of the intertidal sand infaunal and rocky shore communities, and
shore-zone fish seining. These programs are continuing and now represent

over ten yvears of information. The program scope increased considerably
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Table 1. Mean monthly electrical production in MWe (net) at Millstone Nuclear Power Station Units 1 and 2,

1970-1979 el

Jan. Feb. Mar . Apr ., May June July Aug . Sept. ] Nov. Dec.
Millstone 1 1370 - - - - - - - - - - - 82
1971 204 185 318 459 443 48O 624 508 314 162 616 576
1972 o4 155 564 671 654 641 607 540 0 0 0 0
1973 0 0 252 362 0 0 21 491 363 368 411 294
1974 472 470 483 520 513 474 512 441 0 0 479 573
1975 566 396 559 591 515 .. 319 469 324 225 101 371 581
1976 645 370 225 402 624 644 550 425 539 9 0 502
1977 572 0l8 608 619 632 482 592 593 595 566 392 337
1978 580 562 180 267 594 615 500 576 627 639 652 589
1979 346 544 610 558 0 31 612 034 603 651 615 586

Millstone 2

1975 - = - * o & = & - - 26 156
1976 280 309 403 537 4oh 642 480 555 7124 726 729 363
1977 406 776 762 569 151 147 536 780 712 624 517 0
1978 0 0 0 31 669 767 752 756 748 797 806 809

1979 705 799 224 0 168 544 852 313 850 851 0 691
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between 1970 and 1973 with the addition of heavy metal analyses of
seawater and mollusc tissue, studies of pelagic (gill net) and demersal
fishes (trawls), lobster and winter flounder (Niantic River) population
est imates, subtidal benthos and offshore ichthyoplankton (NUSCO 1975 and

1979).

Studies of entrained plankton were initiated in 1970 when Unit 1 became
operational (Carpenter 1975); Unit 2 was included in 1975, To date the
routine monitoring and special investigations have covered nearlv all
aspects of plankton including ichthyoplankton, phvtoplankton, and
zooplankton. Effects of chlorination and temperature on entrained
phytoplankton were addressed as well as latent mortality of zooplankton
subsequent to condenser passage (Carpenter, et al.1972; Carpenter, et al.
1974). Emphasis has been placed on entrained ichthvoplankton and the
relative impact on fish populations in surrounding waters (NUSCO 1976 and

1979).

Impingement monitoring began at Unit 1 in 1971 and at Unit 2 in 1975.
The program scope has varied from counting all impinged species (1972-1976)
L0 tue current program based on three 24-‘our counts per week. Special
studies included the effectiveness of several deterrent devices such as
acoustic .timuli, underwater lighting and surface and bottom barriers

(NUSCO 1976 and 1979),

The potential effect of three-unit operation on selected species was also
considered. Mathematical population dynamics models were developed for
the Niantic River winter flounder population (Hess, et al.1975) and for
the regional menhaden population (NUSCO 1976). These models incorporate
predicted entrainment and impingement losses over the life of the

power station.



Numerous hydrographic studies were conducted starting as early as 1966
(NUSCO 1976). Predictive models for 1, 2 and 3 unit thermal plumes were
developed based on hydrographic parameters taken from field survevs.

A tidal circulation model was developed not only to predict current
patterns and thermal distributions but also to simulate dispersion and
entrainment of winter flounder fish larvae. Measured current patterns for
the Millstone study area (referred to as the Greater Millstone Bight)

are shown in Fig. 2.

As a result of these studies, the hydrographic and ecological characteristics
of surrounding waters are well described. Studies have been intensified

and modified to provide the most representive data with respect to changing
concerns and state-of-the-art techniques. The present report provides

stuly results for 1979 and summarizes results of previous vears as a basis
for evaluating any long-term impacts., The report also satisfies certain
license and permit conditions stipulated by the Nuclear Regulatory
Commission, the Connecticut State Department of Environmental Protection

and the Connecticut State Power Facility Evaluation Council,

All ecological and hydrographic studies thrcugh 1976 were conducted by
consulting laboratories most notably W.F. Clapp laboratories, Woods Hole
Oceanographic Institution (Entrainment, 1970-1975), and Normandeau Associates
(Entrainment, 1975-76). In 1977, Northeast Utilities Service Company began

a phased in-house takecver of these studies starting with entrainment and
impingement programs. Some benthic and lobster responsibilities were

added in 1978 in conjunction with W, F, Clapp Laboratories. As of

January 1980, all studies (excluding heavy metals) are being conducted



'ap11 (q) Poog

aooid

‘q

1 pue (v) qq° Fupanp JurTOod PUOISTIINW

10 A

ITUIOTA 33 ur suialjed uvorirerndayd [eIBUAH 7 a1n¥y 4

g43 "®

oNY IS
Q& oﬁ:»

JLIHM > Bl

punos

Bbuo)

INDd
ILIHM

punog puois| Buon h“




and reported by NUSCo staff biologists based largelv at the Millstone
Environmental Laboratory. Critical scientific review is provided by
a four member Ecoleogical Advisory Committee (see acknowledgements) which

has provided continuing support since 1968,
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IMPINGEMENT

INTRODUCTION

Impingement o. organisms on power plnt travelling screens has received
increased attention in recent years s a potentially important ecological
impact associated with electric power production (Ray 1976). Various
authors have synthesized available information on impingement at major
power plants (Sharma and Freeman 1977; Uziel 1978), others report the
development of sophisticated mathematical models to assess impingement
tmpacts (Murarka 1977). At Millstone, impingement studies began in

1971. Initially the program was designed to ;rovide information regarding
the organisms impinged on the travel'ing screens at Millstone Unit 1.

In 1972, impingement collections were changed from qualitative observations
to absolute counts. Over the years, the sampling program was modified

to include Unit 2 and also to insure that the data were sufficient to
support qualitative assessments. Daily sampling of organisms impinged

over 24 hours continued through 1976 when sampling was altered to three
24-hour collections per week, with no more than 96 hours between collections.
A general chronology of the impingement program at Millstone Station is

provided in Table 1.

In addition to the routine monitoring, occasional studies were under-
taken to better comprehend the impingement process. These studies
included: day vs. night impingement (NUSCO 1976); equivalent adult
calculations (NUSCO 1976); survival studies (NUSCO 1977), and length-

weight fecundity relationships (NUSCO 1977).



This report summarizes impingement data from 1972 through 1979 for
Units | and 2. Apparent trends are evaluated analytically in order to
interpret the magnitude of impingement losses and to better understand

the differences between units.

MATERIALS AND METHODS

Impingement results when fi.a and other organisms are caus™t against
travelling screens loce.ed within the condenser cooling water intake
structure. The screeis prevent debris greater than 3/8" from entering
the cocling water system. Whenever debris accumulates on the screens, a
pressure drop occurs across its boundary resulting in automatic rotation
at a pre-set lp (difference in pressure). During rotation, the screens
are washed with a high-pressure rinse, which directs the debris into a
trough and eventually into a collection basket perforated with 1" holes

to allow water drainage.

Since March 9, 1977, the fish and shellfish washed into the collection
basket over 24 hours have been counted three times each week. Changes

in the program prior to that time are shown in Table 1.

Once the organisms have been removed from the collection baskets, they
are transported to the laboratory where they are identified, measured,
and counted. Length measurem-.:ts are total length f.r fish, carapace
length for lobsters, carapace width for crabs, and mantle length for
squid. Every effort is made to insure that all animals alive after

collections are returned to Long Island Scund.

10
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Table 1. Clronology of the impingement wonltoring jrogruw at tie Millstone duclest Fower Station.

1M 1971 1972 1973 1974 1975 1976

1. Rescarcher

R T

CONTRACTED

P P S

11, Sampling Design
1. qualitative
2, quantitative

R R I e e P e

SII§——— ¥IA)2
IRREGULAR

BAILY e

frs s res s e s a st

111, Reporting
Requiremen.s

1. categories

2. tindividual lengths

B

COMPUTED
MEASURED

I LU

MEASURED MEASURED COMPETED

Caras i s s e T T S T

/31774
1/26/73 4/1/74
1/R/73 2 SAMPLES PEKR DAY
LOBSTERS

Fesre s ens e

IV, Spectal Studles
1. day vo. night
2, survival studies
3. length/weight/fecundity

R L (R PSS S Y Aes s rears srsawemsae D

V. Deterrent Devices
1. suriface
Z. botrom

B/72 - 12772
UNIT

B73- 12772 2/04 - 12/74

UNIT 1 UNIT 1} uIT | UNST

UNLI

4. winter !lounder

T ——

R | P it | i e T L |

1917 1975 1979

....... I I

ALL UNCANISMS

L R I R S

COMPUTED
MEASURED

i

3710777
3 DAYS/wWK. -

R

MEASURED  MEASURED MEASURLED

21217
20217 S1231717
96 HR SURVIVAL AlL——————
a

L A

/75 - 10175 6/76~ 1076 6&/77-10/77

UNIT 2



Monthly estimates of the number of each species impinged were caiculated
as follows: monthly estimate = monthly ratio x actual counts made on
the sampled days. Monthly ratio = (number of days in month/number of
days sampled in month) - (number of days in month p mps shut down/number
of days sampled pumps shut down). Pump: were deemed down if the flow

rate was less than 5% of total flow capacity.

ANALYTICAL METHODS

McCloskey's Biological Index Vaiue

The biological index value used by McCloskey (1970), as interpreted for

the purposes of this report, is a measurement that indicates the seasonal
and annual species presence. The species were ranked by season, with

the most abundant species given the largest value in the ranking.

Seasons were delineated as follows: winter-January through March;
spring=April through June; summer-July through September; fall-October
through December. Seasonal ranks were summed and expressed as a percentage
of the theoretical maximum (the sum if a species ranked first for all

seasons).

Friedman's Two-way Non-Parametric Analysis of Variance. Friedman's test

(Conover .971) was used to test differences between rankings of species

throughout all the years, with respect to unit.




Clustering

An inverse clustering algorithm was applied to the percentage similarity
matrix. Percent similarity was calculated by dividing each year's total
by the total of all years, for each of the top species. It was then

used to group species into associations at decreasing levels of similar ty.
The algorithm used was the group-averaging agglomeration or "unweighted
pair-group method using arithmetic averages" (Boesch 1977). Clustering

similarities were then illustrated in the form of a dendrogram.

General Linear Model Using Least Squares

A GLM computer programmed algorithm was used for interaction and nested
effects (Helwig and Council et al. 1979). This test was used after
standardizing ‘he data for Units | and 2 by adjusting for mean monthly
flow rates. rlean monthly flow rates were: Monthly flow per unit = mean
monthly flow/maximum unit flow. Monthly totals were then generatod for
each unit: monthly total = estimated e ¥ monthly flow factor.
Analysis was then run to see if any significant effects existed among

vears, units, and the nested effect of months within years.

Kolmogorov-Smirnov Two-Sample Test

A Kolmogorov-Smirnov two ‘ample test (Campbell) was used to see if
differences existed between the length frequency distribution of winter

flounder at Units 1 and 2.



RESULTS AND DISCUSSION

The combined finfish impingement total for 1979 was 65,882, with 39,403
and 26,479 for Units ! and 2, respectively (Table 2). Total fish impinge-
ment over all vears was 214,412. The totals were represented by 100 fish
taxa and 17 macroinvertebrate taxa. No new species were impinged in

1979. A list cf rare species is given in NUSCO 1978,

Winter flounder (37765,20106)%, silversides (23131,7260)%, and three-
spined stickleback (16134,10233)% constituted more than 50% of the
overall total abundance at each unit. Total annue!l impingement at

Units 1 and 2 has shown an upward trend, most pronounced at Unit 1 which
increased 59% from 1978 to 1979. This figure does not adjust for Mav

*

and June when Unit ! was shut down.

During 1979, winter flounder (13149,9845)%, silversides (8594,3077)%,
and three-spined stickleback (7638,2114)% composed more than 59% of the
annual impingement at each unit (Table 3). Anchovies were impinged at a
greater rate at Unit 2. However, plant pump records revealed Unit 1 was
not pumping cooling water during a period of peak anchovy impingement.
The months of January through April composed more than 50% of the annual

finf)sh impingement.

Species dominance during 1978 and 1979 were compared using “cCloskey's

tiological index. The index adjusts for those species ths: are highly

* Figures in parentheses (Unit 1, Unit 2) ##* (1978, 1979)
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Table 3. adual and sonchly shundance and percent composition of fiafish® Lapinged st “illstone Muclear Power Statisn Units 1 and | intake
structures during 1979
Anmial
dgecies it D, M. Apf. gy Juns  Juiy Mg, Jept. . Oct.  Sov.  Dec.  fotal fercant
Fpeniopleunamesten 2,855 4408 1,09 L A2 eeas 12 152 149 “ 113 s T8 L, 00 1
Pivisgmie
Ve li'a 6,000 ) 91 99  mees ———— —— ? 3 - $ ¥ 8,59 2
Jazrinontens is2 99 L85 4.93]  cmee emee and 3 8 Saha 5 M 7,808 9
ol yatue
Wy = onpii e 101 M 258 S 2 in 2 14 13 2 bt L, 0%
TR AuD
Musogs ladmie - 8 17 L} L] $a0 w2 %23 38 2 n [ o
sdapeseis
ponrnathug Snew prsa b 9% - - is b # 4 H K Kl % w31 2
e
o "o . e e [— v s %3 533 13 &) s % a3 b n
Utgadag Srmand b2 18 80 83 wees - 12 L} 30 i 4 5 a5l 03
PPt tag Ly 1] is 35 L ? W ~ 10 be $i LT ] 843 03
Deiang
2 e bvrn | waes  eaew 2 i 135 5% 0% 3 LT a7 n
3 8 12 3 ——— - —— - - 7 2 161 as® (131
Total for all 9,682 35,713 8,812 9,500 eeee " 2,01 L1 LER] LY s 1,082 39,.0)
el
Eale 2
Annual
Species Jan, Fab, Mer.  _Apr.  May  Juoe July Aug . Sept . et Mo, D, Tatal lercent
Faedur Loy pongatay 1,078 5,348 13 b 1 e 920 s ial 126 Ba N 99 9,888 »
PREP LNy
enidla ep. 2.0 308 2 . 2 - 2 .- 3 “ 5 pe | 3,077 12
Imansy ap a— o .- -~ 87 1,010 s3t ” 189 15 a 1s 1,835 09
A g el kL 348 Sla L3 1 73 2% .- 2 5 e 2 $715 2,418
% legtus
Panitaas b myg - - - 3 L1 589 i 524 %0 84 P 1 1,728 or
Iereramy
MWopsawrhaug 268 143 L3 ] 170 195 1 r 3 2] .- 2 §50 1,582 6
e
Faprilaw - - —— - 1 " b4 § 35 240 287 i85 kL 1,081 %
Speigonnt v
Hioprgadin Smpod 3 13 2 b3 ] a7 150 o bl 0 2 13 18 539 03
TRaza seitis - e - - v 18) 55 L 163 L - 3 519 n
“wpthaleme 3 17 in 28 48 123 30 2 15 9 38 3% an 9
R A
Sampnat rae e- 2 w0 193 ] ine 2 21 ] 0 . - 1 e a3
sz
Yeriudsiue . ] & e ——— — P 27 2
o i il ol e el . 2 A g w
Total for all 3,829 5,810 1478 1,872 1,026 3,36 129 1,262 1,629 718 156 3, 26,479
Speciss

Combined Impingement - Units ! & 2 Intake Structures for 1979 53,382
*Those fish which were > .0l of total annual adundance.




seasonally abundant, while emphasizing the ones that are resident year
round. Unit | had a similar ranking pattern between 1972 and 1979 with
winter flounder (92,86)" first in both years (Table 4). Silversides
(73,55)"%, a seasonally abundant species, became less important as a
vear round resident, when ranked by seasons throughout the vear. Unit 2
species dominance during 1978 ard 1979 was dissimilar (Table 5). In
1978, a tight grouping existed between winter flounder (80), grubby
(80), and three-spined stickleback (77), indicating a similar occurrence
of these species. In contrast, 1979 showed a more stratified situation

similar to Unit 1 with winter flounder (88) ranked above 2rubby (71) and

three-spined stickleback (69). This stratification reflects the vear-round

influence of winter flounder on impingement in 1979.

The combined impingement total of macroinvertebrates for sll yvears was
118,868 (Table 6). Squid (36853,19987)* and lady crabs (9854,6313)%
made up more than 70% of species composition at each unit for all years.
Totals for 1979 were 18,766 and 18,106 for Units 1 and 2 respectively, a
rise of 300 percent or more from 1978. Squid and lady crabs combined
composed 90% and 85% of annual abundance respectively at both units in
1979 (Table 7). November (6,548) and September (5,963) were the months

of greatest impingement at Units 1 and 2, respectively.

Species dominance for macroinvertebrates during 1979 revealed ladv crabs
(78,83)** to be more prevalent at both units with squid (75,79)** having
just a slightly lower index value (Table 8). Lobster showed a higher
ranking at Unit 1, primarily due to increased abundance during the

winter season.



Table 4. Seasonal and annual species dominance using McCloskey's biological index for fish»
impinged at Milistone Nucliear Power Station Unit | iatake structure, 1973 and 1979
1378
winter _%g_r.m_ Susmer _ Fail Total Index
_Raak __Rank b Rank d Rank Rank Value
Pgeudopleavnectea 3,082 (11) 687 (1o 60 (12) 601 (1) 4 92
merioanue
Mycresephal 2,109 {10) ELY] (12) 15 (8) 493 (im 40 83
wnaeus
Menidia sp. 4,540 {12) 49 (&%) i1 (?) 5,004 1) i5 73
Fa8terocteus 911 (9) 745 an 2 23 60 9 e n
aouleatus
Warogadie 32 {3) 62 (%) 7 (10 26) (8) 2% 5%
..\.,‘:\_I
Tmetogolabres 142 (43 243 (8) 171l L4 (2.%) 25.5 W3 |
adayereus ‘
Tavtoga oniriy 2 (1) 195 (n 20 (9 17 (4) 2l 44 |
lpeloptdrud Limpus 509 (8) 64 (8) - (2.%) 14 (2.5) €] «0
Pndulve mafaita 200 (N % 2) == (2.5 123 (7) 18.% 1% 1
Symgnarhue fusous 19 2) 365 9) 8 (6) 4 i1 18 38
Jererue mordax 170 (6) “a (1) == (2.3) 2% (5) i6.5% |
Mewluosip bilingaris 158 (5) 2 (88 -  (2.5) 80 (&) 14.5 30
1979

“inter Spring Summer Fail Total Index

¢ Rank § Rank ¢ Rank * Rank Ran. Value |
Feeudop louronaates 10,337 (1L} 1,8% (10) 333 (9) 406 (=) i8 86
meriodrdd
Gagtematens aouleatus 1,729 (9 4,533 (i1) 16 (3) an (1 34 77
Myoawrerkalue aenaaus 881 (8) 544 (8) 8 (4 471 (10} 30 65
Mlorogadus temood 101 (6) 63 (5) 73 (&) 4is (9 26 59
Variuooiue Hilingaris 73 (%) 5 (2) - (1) 370 (7 24 55
Memidia sp. 7,535 (10) 954 9 9 (2) 95 th 24 35
Seoptralme youceva 100 {3) 67 (8) 165 (7) 162 (5) 23 52
Musogelabrue 28 i3 56 (&) 1,)8 (11) 62 2) 20 43
adaversue
Jmpnatiug fuacus 267 (?) e (09 39 (5 52 b 20 &5
Anenoa sp. - (1) 53 3 589 (l10) 108 (4) 18 (51
Peprilus spizcanthus 2 (2) 2 ($8] 206 (8) 268 (6) 17 19

I R R I R R R R R I R R R R P R RN TR R~

*Those fish which were >.0l of total annual abundance.
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Table 5. Seasonal and annual species dominance using McCloskey's biological index for fish®
{opinged at Millstone Nuclear Power Station Unit J intaske strucrure, 975 and 1979

» 1978

S S v— T — o U
Feeudoplavrorectes 1,065 (3 928 (12) 15 (11) 954 (12) &> 40
aerisanug
Miosooerhalue 1,530 (i4) 1,064 (13 13 (D) 1,391 (1%) a 0
IENAFUE
"n:;'awcem 136 i12) 1,515 {15%) 2 f{4) Iyeal (15) “h 2
asuleatue
Woarogadue tomood 104 (i 653 (10 ! 8) 1,137 (13 42 m
Tawsopolabmia 6% L8) 1,191 (14) 106 (15 ! {6) ‘1 L]
lapersue
Menidia sp. 2,092 {15} L] (3.5%) 6 (4} 613 (1) 35.5 9
oR. 8p. - {1.3) <90 (8 166 (14) 40 (8) 1.5 53
Sunmatiug Saous A & 5 M6 L) 14 (8) e 28 37
Secprialmue A7u0eue 4 (5) 107 (5) 28 (l0) 7 7 27 45
Ta.togn anitia -- (1.5) 616 (9 81 (12 19 (%) 6.5 44
Porriiug triczoaritius 2 (3.5) i0 (2) 193  (i5) 17 (3} 23.5 39
lomerus mowiax 90 (9) 249 (4) == {1.%) 22 {5) 21.3 3%
Amrodutes amerisanue 2 (1.5) 36 €3.3) 5 (%) 174 (9 2 is
derlucsiue tilinearis 18 (8) 4 (i) 1 (3) 196 (10) 20 33

1979

Winter Spring Sunmer. Fall Total Index

2 Rank 3 Rank [ Rank a Rank Rane Value
Fesudop lewroneated 6,857 912) 2,050 (1) 835 (10) 33 (8] 42 LE]
amaricanus
Moxcoerkalua 517 (9) 436 (9 17 (%) 352 il) 5 1 n
aemazne
aetapoetius aouloatua 1,102 (10) 428 (8) 7 43 578 (123 33 59
Anrhoq sp. - (1.5) 1,397 {11) 988 (i) <0 £3) 28.5 5%
Tzutogolabrua adspersus -- (2.9 584 (10) 955 (i1) 9 {4) 27.5 ¥4
¥larcoedus *omcod 38 (5} 230 (5) 1s (0 315 (9} 27 5
Peprilue trigeanthus - (2.5 102 (3) 595 (9) 384 t10) 24.5 51 |
Jeapthalmeg Jquosus 30 (7} 202 (%) 87 (&) 139 (8) 23 a8
Toutoga onitis - (2.5 220 (3) 259 (8) I (3) 20.5 42 \
Jrigmating ruscus 43 ) 309 (7 50 (4) 17 (1) 18 18
Merluseiue bilinsaris 27 (9) L] 1) - (1) 238 (7 By 35
Yenidia 2,394 (i) ) (2) 5 (2) 33 (2) 17 15

*Those fish which were >.Ul of total annual abundance.
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Tabie 7.

Unit 1 aod 2 futake structures during 1979,

Aanual and monthly abuadance and percent composition of macroinvertebrates* lmpinged at Millatone Nuclear Power Station

Unir 1
annual

Jan. Feb.,  Mar. Apr. _May  Jupe = July Aug. Sept . Oct Nov.,  Dec. Total Percent
lolige pealel —— ——— ———— 7 ———- 85 1,997 1,556 2,588 539 - W] 1,398 - %532 56
walipees osellatus ——— ——— —— ——— —— ——— Lo7 206 280 442 3,935 929 6,31, 34
Callivneates sapidus ——— ———— —— -——— —— - 50 190 113 438 150 10 952 05
Carsinug maenas 6 7 10 34 - 27 55 13 18 38 58 57 0 02
Homayua amewicaius o ——— 19 ” ——— 3 62 29 35 44 32 8 b 02
Canser {ovatus 87 e D - R 12 7 2 eeeee 2 e 18 215 ¢
Total for all 79 - 79 195 ——— 249 2,604 2,002 3,048 1,516 6,548 2,430 18,766
Specles

tmie 2
Annual

Jan. Feb,  Mar. Apr. May June July Aug.  Ses., e, Now , bec, Tor ~1 Tercent
loligo pealet - _—— ——— —— 201 2,398 1,026 1,269 5,065 327 e R 10,941 b0
omalipes ocellatue 2 1 2 5 39 513 431 263 433 442 1,757 631 4,568 25
Cullinectes papidus —— ———— ———— ——— 13 75 K 155 283 376 37 3 974 05
Canoer {rropatue 96 13 24 uB 43 48 21 v 15 2 “ 36 412 02
Homarusd cmericanug —— ——— - 10 15 &3 93 77 68 44 12 3 4OH 62
Cancinug maentys 6 4 5 8 34 53 24 il 48 k0 w4 15 __3%¢ 02
Total for all 107 19 31 129 458 3,280 1,671 1,799 5,961 1,308 2.132 1,210 18.106
Species

*Those species :.m total abundance.
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Table 8.

Seasonal and annual species dominance using McCloskey's biological index for
macroinvertebrates* impinged, at Millstone Nuclear Power Station Unit 1 and
Unit 2 intake structures, 1979.

Unit 1
Winter Spring ﬁgggggr Fall Total Index
Rank Rank Rank @ Rank Rank Value
(walitpes -~ () 115 (6} 893 (5 5306 (6) 19 79
coellatue
Lelige -~ (2) 92 (5) 6140 (6) 4300 (5) 18 75
pealet
Fomarue 25 (5) 50 (&) 126 (3) 84 (2) 14 58
mepicanue
arainge 23 (&) 60 (2) 36 (2) 152 (3) 11 46
mIenaes
Cancer 121 (®) 4 (3) 19 (1) 20 (1) 11 4“6
irroratug
allinectes - (2) 2 ) 353 (&) 597 (&) 11 4h
sapidus
tnie 2
Winter Spring Summer Fall Total Index
# Rank # Rank # Rank # Rank Rank Value
Mmallipea 4 (&) 557 (5) 1126 (3) 2880 (6) 20 83
ocellatus
Lolige -=- (2 2398 (6) 7359 (6) 98 (3) 19 e
reales
Camoen 133 (%) 188 (%) 43 (1) 48 (1) 12 50
irropatug
Jarsinug 15 (%) 94 (2) 82 (2) 199 (3) 12 50
“qenas
ailingotes - (2) 88 (1) «71 (&) 415 (&) 11 46
aqpidus
Homamus - (2) 108 (3) 238 (3) 63 (2) 10 42
amepiognua

*Those species .01 of total abundance.
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Length frequency distribution of winter flounder during March, April,
and May of 1979 (spawning season in Niantic Bay), showed no significant
difference between unitc based upon a Kolmogorov-Smirnov two-sample test
(Fig. 1). The estimated number impinged during this period of time was
4,918 at Unit 1 and 1,563 at Unit 2. The Unit 1 estimate only included
the months of March and April. Utilizing criteria set up for this
year's age-length relationships (see winter flounder section) Unit 1 had
34% one year olds, 27% two year olds, and 39% three and four year olds;

Unit 2 had 66% one vear olds, 19% two year olds, and 16% three and four

year olds.

Fish Boom

An investigation into the effectiveness of the fish boom in front of

Unit 1 was undertaken to determine if an explanation of the difference

in 1979 impingement rates between units could be found. The boom consists
of a heavy rubber curtain bordered along the bottom with chain-link

fence. It is located outboard of the intake face about 50 feet and
extends parallel to the shore between two rocky outcrops. The boom

rises off the bottom about six feet.

An initial lock at the data for 1979 showed Unit 1 impinged almost

one-third more fish than Unit 2 in two months less operating time. A test of
the data for all years revealed a highly significant difference (p=.001)
existed, using Friedman's non-parametric test for two-way analysis of
variance between the rankiangs of species throughout the years at Unit 1.

No significant difference existed at Unit 2. Unit 1 had a great deal of

23
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variability in the ranking and related abundance of species, while

Unit 2 was relatively stable.

Inverse clustering showed no distinct groupings of species at Unit |

(Fig. 2). A high clustering of winter flounder with northern pipefish

and cunner with smelt can be attributed to similar patterns of fluctuations
of abundance through the yvears. Blackfish and white perch cluster high
with similar fluctuations as well. The rest of the species seem to

cluster onto the groups with no discernable pattern. Species of similar

ecological persuasion are not clustered closely.

Winter flounder, a locally important fish, was chosen to determine if

any temporal trends were present. An analysis of variance on data from
1976 through 1979 revealed a highly significant difference (p=.001)
between years, and when monihs were nested within years, independent of
unit. The effect between units was not significant (p=.270) for all
vears. The effects due to years and month within years may be attributed
to natural, seasonal, and yearly species fluctuations. Analysis of 1979
data showed a highly significant difference (p=.001) between months,
while no significant difference was found between units (p=.360). It
should be mentioned that data were standardized on a monthly basis, and

for future analysis will be standardized to a daily basis.

A comparison of 1976 (a year in which the boom was virtually ineffective
as a result of not being secured) and 1979 winter flounder length frequency
data was made graphically for Units 1 and 2 (Figs. | and 3). The time

period chosen was March through May, the local spawning season. A

25
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Kolmogorov-Smirnov two-sample test revealed no significant difference
between units in the distribution of 1976 winter flounder length frequercy
data. Applying the same criteria that was used tor 1979 age-length
relationships, revealed the following for 1976: Unit 1 had 16% one year
olds, 28% two year olds, and 56% three :nd four year olds; Unit 2 had

22% one year olds, 38% two year olds, and 40% three and four year olds.
Comparison of the three and four year old groups for 1976 and 1979
revealed a 50% increase in the difference between units in 1979. Cal-
culation of the average length impinged for each vear, revealed a 647

increase in the difference between units in 1979.

The evidence presented, both observational and statistical, suggests
that the fish boom in its present condition, has not been a deterrent to

fish impingement.

SCUBA observations at Millstone Unit 1 Intake revealed that a diverse
and productive community of fish exists around the boom. The boom seems
to serve as an artificial reef for a variety of life forms. This, in
conjunction with the knowledge that, "estimates of benthic sand infaunal
densities in the vicinity of the Intake structures are considerably
lower than those of other nearshore stations in the Millstone area” (see
benthic section), suggests that the boom may act as a habitat for local

fish.

A rigorous approach will be taken in monitoring the impingement rate at
Unit 1 in 1980, with respect to the cffects of the fish boom. Standard-
ization of daily data and additional analytical techniques will be

employed to detect any impact brought on by the boom.

28



It is hoped a model can be developed to take into account biological and
physical parameters that will help us better understand the processes

involved with impingement.

Summary and Conclusion

The combined finfish impingement total for 1979 was 65,882 with 39,403
and 26,479 for Units | and 2 respectively. Total annual ‘impingement has

shown an upward trend with Unit 1 increasing 59% from 1978 to 1979.

Winter flounder, silversides and three-spined stickleback composed more
than 59% of the annual impingement at each Unit. Using McCloskey's
biological index as an indicator, winter flounder was shown to he the
most dominant species at both Units in 1978 and 1979. Silversides, a
seasonally abundant species, becomes less important when ranked by

seasons throughout the vear.

The combined macroinvertebrate impingement total for 1979 was 36,872.
The distribution by unit was similar. Squid and lady crabs combined

composed 90 and 85% of annual abundance at Units 1 and 2 respective.iy.

Length frequency distribution of winter flounder during March, April and
May 1979 showed no significant difference between units. During this
period over three times more winter flounder were impinged at Unit 1

compared to Unit 2.
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The bottom fish boom in front of Unit ! seemed to be an ineffective

barrier to the impingement of demersal fish.

Environmental assessment of the effects of impingement on the fish
community in the greater Millstone area was monitored by trawls, gill
nets and seines. Subsequently, the etfects of impingement on local fish
populations are addressed in the Fish Ecology section. On the basis of
these studies and on the basis of trends observed in the impingement
data, 1t has not been possible to determine any change in the local fish

populations which appear to be power plant related.
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PLANKTON STUDIES

INTRODUCTION

Plankton entrained in the condenser cooling water and present at dif-
ferent stations in waters adjacent to Millstone Power Station have been
studied in various programs since 1970. Unit 1 (935 cfs, 660 MWe) began
commercial operation at this time followed by Unit 2 (1220 cfs, 870 MwWe)

in the fall of 1975. A third unit (200Ucfs, 1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>