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Millstone Power Station

) o - Comments on Scope of Study

Cooling-Water System Technology Study

Dear Mr. Grier:

By letter dated August 30, 2000 (Reference 1), a final Scope of Study (SoS) was submitted to the
Connecticut Department of Environmental Protection (DEP), outlining alternative technologies
which were to be examined to reduce entrainment of fish eggs and larvae from the use of once-
through cooling water at Millstone Power Station (MPS). On November 14, 2000 (Reference 2),
DEP in approving the SoS reserved the right “to modify and/or expand the [SoS]...based on the
recommendation of independent expert/consultant review.” The final report for the study, entitled
““An Evaluation of Selected Cooling-Water System Alternatives for Millstone Power Station”, was
- submitted by Dominion Nuclear Connecticut, Inc. (DNC) to DEP on August 31, 2001 (Reference
3).

Subsequent to the submittal of the final report on August 31, 2001, ESSA Technologies Ltd. was
retained by DEP to perform reviews of both the SoS and the final report. Having reviewed the SoS,
comments from both DEP and ESSA Technologies Ltd. were forwarded to DNC on February 6,
2002 (Reference 4).

Comments provided in Reference 4 are addressed by DNC in Enclosure 1 to this letter. If there are

;  any further questions or comments regarding the SoS, DNC’s responses to the comments of DEP



and ESSA Technologies Ltd., or on other matters related to the MPS cooling-water study, please
contact Dr. Milan Keser, Millstone Environmental Laboratory, at (860) 444-4238.

- Very truly yours,

DOMINION NUCLEAR CONNECTICUT, INC.

g b Yl

Gary W. Jotnson V
Supervisor -’ Environmental Programs

Enclosure

cc: Mr. Emest Beckwith
Connecticut Department of Environmental Protection
Marine Fisheries Office
PO Box 719
Old Lyme, CT 06371



Enclosure 1 to Letter No. D17305

RESPONSE TO COMMENTS MADE BY THE CONNECTICUT DEPARTMENT
. OF ENVIRONMENTAL PROTECTION AND ESSA TECHNOLOGIES LTD.
REGARDING THE SCOPE OF STUDY FOR “COOLING WATER SYSTEM

ALTERNATIVES TO REDUCE ENTRAINMENT AT MILLSTONE POWER STATION”

SUBMITTED BY DOMINION NUCLEAR CONNECTICUT, INC. ON AUGUST 31, 2000
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RESPONSE TO COMMENTS MADE BY THE CONNECTICUT
DEPARTMENT OF ENVIRONMENTAL PROTECTION AND ESSA
TECHNOLOGIES LTD. REGARDING THE SCOPE OF STUDY FOR

- “COOLING WATER SYSTEM ALTERNATIVES TO REDUCE
ENTRAINMENT AT MILLSTONE POWER STATION” SUBMITTED BY
DOMINION NUCLEAR CONNECTICUT, INC. ON AUGUST 31, 2000

Introduction

Based upon its review of a report prepared by ESSA Technologies Ltd., which provides
comments on the Scope of Study (SoS) submitted by NNECO (2000) for the project entitled
“Cooling Water System Alternatives to Reduce Entrainment at Millstone Power Station” (DNC
2001a), the Connecticut Department of Environmental Protection (DEP) by letter dated February
6, 2002 (DEP 2002) requested comments on the following areas in reference to the SoS:

1. Potential structural modifications (e.g., extending jetties/groins, etc.);
2. Combinations of possible BTA;

3. Technologies which are usually applied to mitigate impingement were evaluated
for the purpose of reducing entrainment; and

4, Impingement impacts and mitigation.

In providing comments, DEP noted that it had not required an evaluation of impingement impact
in the cooling-water study because there was a general consensus that this impact was minor in
comparison to entrainment. However, DEP further stated that it would be beneficial to compile
for the record pertinent information regarding measures taken to reduce or mitigate impingement
impact, such as with fish return systems, and to summarize the various monitoring and
assessment studies undertaken over the years to address this issue.

In the following, Dominion Nuclear Connecticut, Inc. (DNC) addresses, in the order given
above, each of the above comments resulting from the review of the SoS for Millstone Power
Station (MPS) cooling water system alternatives by DEP and ESSA Technologies Ltd.

Item #1: Potential Structural Modifications to the MPS Intakes

Constructing a jetty or groin to reduce the entrainment of fish eggs and larvae was not considered
in DNC (2001a) because the objective of the study was to evaluate measures that would
minimize the use of once-through cooling water at MPS or otherwise reduce entrainment
mortality. A structure such as a jetty or groin would not reduce the volume of water withdrawn



—’

by MPS and therefore would only reduce entrainment mortality.if it could somehow result in the
plant mtakes w1thdramng water havmg substantlally lower egg and larval densmes

ESSA Technologles Ltd. noted in therr review of the SoS that Jettres extendmg from the present
intakes could “reduce entrainment and impingement by changing the current patterns in the
intake area.” DNC respectfully differs with this view and believes that such structures may
actually serve to increase both impingement and entrainment. The tidal flow in Long Island
Sound (LIS) near MPS is substantial and local circulation patterns are described in DNC (2001a:
Appendix B to Chapter 3 of Part II). - For example, average tidal flow through Twotree Island
Channel just off Milistone Point is nearly 900 thousand gallons per second and at maximum 1s
about 2.2 million gallons per second. Extensive mixing of Niantic Bay and LIS waters occurs m
the vicinity of the plant, with a mean tidal’exchange of nearly 45 million gallons per minute.

.Vigorous tidal circulation also results in no vertical stratification of waters in inshore areas near

MPS. This dynamic movement of watér is-also reflected by ‘well-mixed distributions of
organisms, such as winter flounder larvae and tautog eggs, as noted in DNC (2001a). Although
some differences in densities may be found at inshore locations by tidal stage the short temporal
scales involved (tidal cycle of approximately 12.5 hours) mean less variation in.densities over
longer time scales. For example, :densities of winter flounder larvae and tautog eggs only -
decrease much farther offshore than a jetty could be feasible. Even at the proposed location for
an offshore intake in LIS (about 1 mile south of the present MPS ‘intakes), the eggs and larvae of
most fishes have similar or even higher densities than found in inshore areas near the present
MPS intakes (DNC 2001a: Section 2.6, Chapter 2 of Part II). Thus, a jetty located near the
intake structures would not alter flow patterns and ichthyoplankton densities enough to decrease
entrainment as long as the same seawater vo]ume is bemg entramed

Evidence exrsts that a jetty-like structure, the Unit 3 intake construction cofferdam, may have
contributed to increased impingement at MPS while it was in place.” In effect, this structure,
adjacent to Unit 2, created an embayment adjacent to the Unit 2-intake structure that likely -
funneled organisms towards that intake and, when it was in place, increased impingement
relative to the period after its removal. This is analogous to power plants having intake canals,
which tend to have higher impingement rates in comparison to stations with shoreline intakes.
Following the removal of this cofferdam in 1983 1mpmgement rates at Unit 2 sxgnrﬁcantly (p <
0.01) decreased (NUSCO 1987) ’ - :

Structures such as jetties or groins may also act as an artrﬁcxal teef in marine waters,’ attractmg
additional fish and invertebrates, which then become susceptible to impingement at any nearby
intake. Although fish return systems have reduced impingement mortality for many species at
MPS, potentially large increases in impingement-due to -the placement of a jetty or similar
structure would result in additional incremental mortalities. Localized spawning of fish attracted
to a jetty or groin, such as cunner, tautog, and rock gunnel, would also result in increased egg and
possibly also larval entrainment at the nearby intakes.

The use of jetties or groins as envisioned would necessitate the placement of one or more
massive structures into LIS.  The impact of such large structures upon the benthic.community of
Niantic Bay could be considerable and would need to be further assessed.



Finally, neither jetties nor groins were listed as an existing or potential available technology for
fish protection at power plants in extensive reviews performed by EPRI (1999) and Taft (2000).
A jetty-like structure, a porous dike, however, was discussed in EPRI (1999) and this technology
was included in the SoS (NNECO 2000) and evaluated for feasibility at MPS in DNC (2001a).

Item #2: Combinations of Possible BTA

DNC conducted a comprehensive evaluation of cooling water alternatives in its final report of
August 31, 2001 (DNC 200ta). Each alternative was reviewed independently so that costs and
resulting reductions in entrainment or entrainment mortality could be assessed for each. Some
technologies examined clearly would not be combined (e.g., Gunderboom and cooling tower)
because one technology would preclude the need for the other. In other instances, further review
would be necessary to determine the feasibility of combining various intake technologies. If a
combination of intake technologies is of interest, DNC would welcome the opportunity to
perform any necessary analyses and supplement its final report upon a request of DEP.
However, due to the potential for evaluating numerous technology combinations, DNC hereby
proposes to meet with DEP subsequent to the review of the final cooling water alternatives report
(DNC 2001a) to discuss this issue before any further evaluations are undertaken.

Item #3: Technologies Usually Applied to Mitigate Impingement
Were Evaluated For Reducing Entrainment

ESSA Technologies Ltd. noted in DEP (2002) that “...behavioural barriers are impingement-
reducing technologies that normally are not applied to reduce entrainment.” DNC concurs with
this comment and notes that behavioral barriers were only identified for consideration as part of
the SoS because the present entrainment evaluation (DNC 2001a) was viewed as a continuation
of the previous entrainment and cooling water alternatives study (NUSCO 1993a). Thus, an
additional review was accomplished for completeness.

Prior to the 1993 study being performed, a series of meetings was held between DEP and
Northeast Utilities Service Company (NUSCO), acting as agent for Northeast Nuclear Energy
Company (NNECO), the then owner of MPS. These meetings and related correspondence
resulted in a request from DEP that was reiterated in NUSCO (1992a) as follows: “[t]he
proposed study...should review intake structure alternatives including screening devices and
physical barriers such as sills, baffles, and curtain walls.” At the time, behavioral barriers were
viewed by Stone & Webster Engineering Corporation, NUSCO’s contractor for the engineering
portion of the 1993 study (and also for the present effort), as a potential intake screening
technology that could reduce the entrance of larvae into a power plant intake structure. However,
after performing a literature review of this technology, behavioral barriers were found not to have
the ability to reduce larval fish entrainment (NUSCO 1993a).

Behavioral barriers were again reviewed in DNC (2001a) to see if any promising technologies
had developed in the interim (e.g., air bubble flotation systems, which were once viewed as
possibly having potential to reduce entrainment). However, no behavioral technologies to reduce
entrainment were identified in a comprehensive industry review of fish protection at cooling



water intakes (EPRI 1999; Taft 2000). As a result, these technologles were again found not to.
warrant further detailed evaluation. Lo e

Item #4: Impingement Im'pacts,and TheiriMitfgation Were“l\i’o‘txddrcssed' in the,SoS

Introduction. As cited above, DEP in its letter of February 6, 2002 noted that DNC (or
NNECO, as the former owner of MPS) was not required to formally evaluate impingement
impacts in the 2001 study because a general consensus had been reached that potential
impingemerit impacts were a minor concern in comparison- to entrainment. - This conclusron was
.the result of a series of evaluatrons and modlﬁcatlons (e.g., installation of ﬁsh returns; upgraded
screen systems) to MPS intake structures made smce 1980 to reduce. 1mpmgement .mortality.
However, as ESSA Technologies Ltd. noted in their review, “[t]he SoS does not . . justify why
impingement effects of the station will be excluded from the Study.” Thus, DEP (2002) has now
requested that DNC “compxle for the record, all pertment information regarding measures taken
to reduce/mltrgate impingement (fish return systems, etc.), and the associated momtonng and
assessment studies undertaken over the years to address this issue” (DEP 2002). The followmg
provides the requested ‘historical review. . As part of the review, a list of selected reports and
correspondence related to MPS 1mp1ngement that were submitted mostly to DEP by NNECO or
NUSCO is provided in Table 1. As indicated on ‘the table, many of these documents are
appended to this enclosure. These documents are the basis for much of the summary of
lmpmgement that follows; additional details may.be found in the references themselves.

Brief Description of MPS Intakes. The MPS. coolmg water intake structures are typical of
many coastal power plants. Briefly, Units 1 and 2 have four circulating water intake bays and
Unit 3 has six located in separate shoreline intake structures on Niantic Bay. Each unit has a
surface skimmer wall extending about 3-4 feet below the surface at mean low water to avoid
withdrawing floating debns The intake structures have coarse bar racks (2-inch gap) preceding
vertical traveling screens to protect the plants from larger debris and help exclude larger aquatic
organisms. Maxrmum intake approach velocities at the coarse bar racks are about 2, 1.5, and 1

foot per second for Units 1, 2, and 3, respectrvely With MPS located in marine waters,

considerable debris loading occasronally occurs. Common debris includes various seaweeds,

detachéd eelgrass, and gelatinous zoop]ankton (Jellyﬁsh and ctenophores) "Units 1 and 2 have
always had 0.375-inch mesh conventnonal continuous belt traveling screens Unit 3 orrgmally
had 0.1875-inch mesh screens, ‘then'a combmatlon of 0. 1875- and 0.375-inch mesh screens from
early 1990 through summer 1992, 'md ﬁnally on]y 0. 375-mch mesh s screens since August 1992.

Screens are rotated under dnfferentlal pressure setpomts ‘and screenwash frequencies vary from
contmuously during storms to a minimum of once per; 8 hours. At both Units 1 and 2, all debris
and organisms are washed off the travelmg screens into a trough using a spraywash pressure of
85 psi. Originally, all debris and impinged orgamsms from Units 1 and 2 were retalned in
perforated baskets; screenwash water drained from the basket into LIS through a pipe.. “However,

as noted below in the discussion of the hlstory of i 1mpmgement at MPS a fish return system (also
termed slulceway) was retroﬁtted at each of these units. Unit 3 was bu1lt with a two-trough fish
and trash return designed as an integral part of the mtake screen system. The effectiveness, of the
Unit 3 fish return system is discussed in more detatl below For screenwashes at Unit 3, a Tow
pressure (10 psi) spray is used to flush organisms 'off modified- -lip fish baskets on the traveling



screen panels into a lower fish sluiceway trough, which discharges into LIS along the seawall on
the west side of the intake structure. Material remaining on the screens as they continue to rotate
is washed off with a high (85 psi) pressure spray into an upper trash trough, which exits the
screenhouse in the opposite direction as the fish return. Using a motorized conveyor system, this
material empties into trash hoppers for disposal offsite.

Impingement Sampling. Impingement at MPS was initially intensively monitored to quantify
* losses and determine local species impacted. At Unit 1, mostly qualitative observations were
made throughout 1971. Routine impingement monitoring began in 1972, when all impinged
organisms were collected, identified, and counted daily over a 24-hour period. This process
- continued following the start-up of Unit 2 in 1975. However, in 1977 the collection frequency
was reduced to three 24-hour samples per week and monthly impingement rates were estimated
using sample count data and actual water volumes entrained at MPS. Within each month, an
estimate for each day not sampled was calculated by multiplying the average impingement
density (number per unit volume of cooling water used on days sampled) by the volume of
cooling water on days not sampled. Monthly and annual impingement estimates were sums of
daily impingement, either actual counts or estimated totals. A simulation data analysis showed
that at this reduced level of effort, more than 85% of all impinged organisms were represented,
but at levels of effort of less than three 24-hour samples per week, errors associated with the -
estimated monthly totals by species increased rapidly. Beginning in 1984, sampling effort was
further stratified to increase the precision of impingement estimates for winter flounder and other
fishes that were primarily taken during late winter, a period of high impingement. Sampling
effort ranged from once weekly (April-November) to three (March) or four times per week
(February). Routine impingement monitoring at MPS ceased in December 1987 and the reasons
for this are discussed in more detail below in the narrative for Unit 2.

During the years when impingement sampling and fish return studies were conducted at MPS,
more than 125 taxa of marine organisms were collected. A summary of impingement estimates
at MPS for the most frequently taken fishes and macroinvertebrates is given in Table 2. Of note,
two large impingement events occurred at MPS that involved schooling fishes. An estimated 50
million juvenile Atlantic menhaden and blueback herring were impinged at Unit 1 during August
10-20, 1971, causing screens to collapse and the unit to shut down. Since this event occurred
prior to the advent of systematic impingement sampling at MPS, these totals do not appear on
Table 2. No further impingement events of this magnitude or having such consequences to plant
operations have occurred at MPS in the subsequent three decades. At Unit 2, an estimated
390,000 American sand lance were impinged during one 24-hour sampling period in July 1984;
the weekly estimate was 480,000 and sand lance impingement during 1984 alone accounted for
nearly half of the total estimated impingement of fish from 1976 through 1987 (Table 2).
Excluding this mass impingement event, six fish taxa dominated impingement. These were the
winter flounder, anchovies (mostly bay anchovy), grubby, silversides (mostly Atlantic
silverside), Atlantic tomcod, and threespine and blackspotted sticklebacks. Among the
invertebrates, Atlantic long-finned squid, various crabs, and American lobster were most
numerous in impingement samples. Many of these species tended to have greatest impingement
associated with storm events, particularly when water temperatures were cold or declining
rapidly.
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TABLE 1.

Summary of selected reports and correspondence submitted to CT DEP or other agencies

which contain information on or assessed the effect of impingement at MPS. References indicated by a *

are included in the Appendix to this document.

Description

Reference

Annual Reports to DEP containing information on MPS impingement monitoring
from inception of sampling in 1972 to completion of sampling in 1987

MPS 316(b) demonstration

Feasibility of modifying MPS Units 1 and 2 intake screenwash systems to lmprove
the return of fish to LIS

MPS Unit 3 Environmental Report (to the US Nuclear Regulatory Commission)

Effectiveness of the MPS Unit 1 sluiceway in retuming impinged organisms to LIS

Justification for discontinuing impingement monitoring at MPS Unit 2

Winter flounder impingement at MPS

The effectiveness of the MPS Unit 3 fish return system

Progress reports on the MPS Units 1 and 3 fish return systems

Reassessment of impingement effects on winter flounder at MPS
Aquatic organism return feasibility study for MPS Unit 2
MPS Unit 2 aquatic organism return system survival study

NUSCO 1975-88*

NUSCO 1976
NNECO 1981*

NUSCO 1983
NUSCO 1986*
NUSCO 1987*
NUSCO 1988a
NUSCO 1988b*
NUSCO 1988c,
1989a,b, 1990a,c,
1991b, 1992b,
1993b*,
NNECO 1994*
NUSCO 1991a*
NNECO 1999*
DNC 2001b*

* Refers to successive Annual Report that were submitted by NUSCO on behalf of NNECO to DEP in
April of each year; these reports were not included in the References Cited of this document.

® Progress reports were periodically sent to DEP related to work in improving the Unit 3 fish réturn
system and on the operation of the Unit 1 sluiceway. Only the final report (NNECO 1994) is included

in the Appendix.
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TABLE 2. Total and range of total annual impingement estimates of fishes and macroinvertebrates at
MPS from 1976 through 1987 (Units 1 and 2 combined for 1976-83 and Unit 2 alone for 1984-87).

Smallest annval ~ Largest annual .

Taxon estimate estimate - Total (1976-87) % of total ﬁ
Fishes:
American sand lance - 8 485,411 487,089* 46.9
Winter flounder 624 23,544 88,665 8.5
Anchovies 12 52,280 82,567 8.0
Grubby ) 647 14,634 .61,984 6.0
Silversides _ 136 12,187 56,368 . 54
Atlantic tomcod 8 11,868 34,728 33
Gasterosteus spp. sticklebacks® 0 9,918 30,656 29
Threespine stickleback® A 0 9,472 22,640 2.1
Blackspotted stickleback® 0 14,381 20,719 2.0
Cunner 57 . 3,851 20,131 1.9
Northern pipefish 384 6,572 17,478 1.7
Butterfish 135 4,061 17,415 1.7
Silver hake 4 9,419 15,944 1.5
Top thirteen taxa } 6,404 506,492 956,384 92.1
Others 2,039 20,992 82,086 79
Total 8,560 511,387 1,038,470 -
Macroinvertebrates:
Atlantic long-finned squid 1,491 24,109 142,495 37.5
Lady crab - 1,343 31,952 120,460 31.7
Rock crab 633 7,925 44,456 11.7
Green crab ‘ 656 6,687 29,950 7.9
Blue crab - 437 1,963 14,317 3.8
American lobster 501 1,967 11,900 3.1
Spider crabs 119 1,598 8,517 2.2
Top seven taxa 8,866 66,196 372,095 ) 98.0
Others 126 1,721 - 17,520 2.0
Total - 9,946 .. 67,290 379,615

* Approximately 480,000 American sand lance were estimated to have been impinged during the week of
July 18, 1984 (98% of total sand lance impingement).

® Threespine (G. aculeatus) and blackspotted (G. wheatlandi) sticklebacks were not differentiated until
1981.
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Summary

- Estimates‘ot tne‘number of fisn'and macroinvertebrates impinged'

. annually at Millstone Units 1 and 2 from 1976 through 1980 and their t'a
.fsurvival were calculated. Based on present operations, survival was :f'
relatively low for most fish. A’ special study was conducted ‘from December
1980 through April 1981 to determine initial and extended survival of
organisms collected immediately following screenwashes. The potential
'for a sluiceway “to- increase survival was good since survival of many
species, including tne commercial and recreationally_important winter.f'
R ilounder; was high. Some smaller fishes, however, had poor survigaliii
Few significant differences in survival were found among the four maSh'
schedules eramined.

Using the survival estimates, economic value was calculated ﬁor
.lfOUr aoundant sport and commercial species impinged at Millstone;?'
..Adﬁnsting for variable sport and commericial catches, value of the:;;.-
' organisms nresently removed by impingement ranged from $770 for tne.
.Atlantic long-finned squid to $4,787 for the minter.flounder.

One potential terminus for a Unit 2 sluiceway is off tne rock
;.outcrOp between Units 1 and 2.?”Resu1ts of various experiments were;not
.conclusive'as far.aS'the potential’for recirculation of organisms and
other material from this location.

| Present cooling water intake screenwash operations and maintenance
requirements for trasn handling were described. An engineering design
. study'evaluated various alternatives for a sluiceway. Sloiceways
. discharging to Unit 3, barges, and to ponds were judged not feasible for
construction.- Cost estimates mere prepared for three alternatives deemed

practical at Millstone and these ranged from $342,000 to $580,000. The
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-'at this time because the high -tosts of ¢ onstruction far outveighted any

alternatives included a ‘combined discharge to the south separate discharges
to the west, and one where Unit 1 would discharge to the south and Unit

2 to-the west. A cost benefit analysis of these three alternatives

. indicated that construction of sluiceways at both units was not feasible '

'benefits in maintenance savings, elimination of impingment sampling, and

-value of additional organisms saved. The only exception was modification

of the present Unit 1 dewatering line to serve as a sluiceway and . this

- option, which would cost $10,QOO, was recommended. It was further.'
'recommended that-consideration of a Unit 2 slniceway($332,000) befdelayed
'nntil.the'actnal'costs, operation, and effeétiveness of thelUnits{f;and
'3 slnicevays could.be evaluated and~improvenents over present financial

‘conditions occur.

" To ensure that' the ‘cooling water systens are not jeopardized during
storms or other periods of high debris loading by modification of the present
system; some operational latitude is essential. Therefore, it is also

recommended that the plant superintendents have the discretion to temporarily

return from a fish bypass mode to the present mode of operation when conditions

demand such change.
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INTRODUCTION

In conjunction with the renewal of the NPDES permit for‘Hillstone

“fNuclear Power Station Units 1 and 2, the United States Environmental

,Protection Agency acting through the Connecticut Department of Envir— .

-onmental Protection (CT DEP) requested that Northeast Utilities,Service

Company (NUSCo) perform a study to determine the feasibility of back—
fitting sluiceways to the intake screen wash troughs._ The purpose of

the sluiceways would be to direct fish and invertebrates back’ to Long

Island Sound following impingement._ A return system would reduce :3

impingement mortality at Millstone since these organisms are presently

. collected in trash baskets where they may remain for periods of 24 h or

4

greater. Relatively few specimens are released alive following collection
during impingement sampling and handling in the 1aboratory.

An evaluation of the effectiveness of a sluiceway return system for

increasing survival is given in the first section of this report. ln

order to estimate the potential for survival with a sluiceWay, a field
study to estimate immediate and delayed survival of impinged organisms
took place from mid-December 1980 through early April 1981. ?revious

data collected :during the regular impingement sampling program, which

.

“included estimates of the numbers, sizes, and survival rates'of indivi-

dual ‘species impinged, vere‘also used to calculate the economic‘value of
organisms lost. ‘

An engineering design study by .the NUSCo Generation Civil Eng-
ineering.group evaluated various sluiceway alternatives in- terms of'
feasibility;of.construction; operations, and costs. Preliminary drawings
of the various alternatives are given as vell as some details:concerning
construction, operation, and maintenance. This'material is presented in

the second section of the report.



) Finally, the economic savings of fish and" shellfish potentially

.ireturned alive to Long Island Sound combined with maintenance and

’impingement monitoring savings were compared uith the costs .of cogstruction

B }and operation of various sluiceway alternatives. The results formed the
.:basis of a cost—benefit analysis 4n which ‘each alternative evaluated was

o .accepted or rejected.as a feasible backfit for Millstone Units 1 and 2.-
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.:,praer tehdetermine the present Biological and economic iapact

;ment. During regular impingement sampling the collection baskets were-

* SURVIVAL orj‘mmcm) ORGANISMS

MATERIALS AND METHODS

.bata ﬁere~exa@ined from.tﬁe regclar Millstone sampling P gfgp-in

emptied after a 24—h period. Screens were usuvally washed automatically

depending -upon a preset pressure difféerential caused by the accumulatiOn -

’.. -'.:
R )

: ofimaterial on them.' Screenwashes occurred from a few times daily to
,continuously éuring‘storms. Organisms were hand-picked from debris and

- returned to the 1aboratory in buckets. -Species were separated'~enumerated,

measured, and classified as alive or dead. CA11 live specimens were then

. released into Jordan- Cove. - The total man-power requirements for this

sampling on'an annual basis have been 0.7 man—year.
Initial impingement survival for each species was calculated as the

percentage of live specimenS‘of the total collected. This was:determined

for 1976 and 1978 through 1980 combined. In 1977 live specimeas'ﬁere

also held for a 96-h period in the laboratory and extended suryival as

" well as initial survival was:calculated for each species:

"

1977 .extended survival = A96’

Ao

where.A96 = number cf.specimens alive at 96 h and AO- = number of specimens

‘'at the start of the experiment.

A mean annual impingemeﬁt estimate was calculated for each”specics

taken -at Millstone.Upits 1 and 2 combined fcr 1976 through l980;*the(

"period.of?two—unit_operation. Methodology for the calculation'is‘glven

in NUSCo (1981). - A length-frequency histogram was genérated for -the
most abundant species to determine tﬂe sizes of fish or macroinvertebrates

impinged.
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Special sampies for esrimating immediate and extended impingement
sprvival_that would.be.expeeted for sluiceway operations were usually
taken twice per week in’mid-becember‘l980 and from late Jauuarj;éhrough
early April 1981 at Milistope Unit 2; no samples were taken st Upit li
' Becéuse.pf a refueling and‘rephir outage. Sampling was conducted at

night because significantly more organisms were- impinged during the
:night at Hillstone (NUSCo 1977) On each sampling date the screens ‘were
:rotated énd washed at 1400 h e.s.t. (eastern standard rimej. After an .
8-h period they were washed at 2200 h to obtain the first sample. A..
second sample was taken at 0200 h (4-h hold) and a third at 0400 h (2-h
':hold). When high detritus loads occurred, usually due to high{winds,-
the screehs could not be held stationary and were operated eonfinuously.
.Ar such times the normal sampling scheme was not aecomplishedfépd one or
two collections were made dpring the nighr to evaluate the effeers of
continuous washes. On two occasions thefinirialihbld was for d h instead
of 8 h because-the screeéns were not washed on time; these dataiwere
grouped.with the 8-h washes for analyses. |

. Samples were taken from the screenwash trough of Unit 2 just before
the trash baskets. Two 94 x 89 x 48-cm fish samplers (1.9-cg_seretch
' nylon'pesh) were rapidly alternated in the trough throughout tpe 10-min
wash cycle so that the organisms retained were subjected to a minimum of
collection stress. Dpring continuods washes sampling occprred for about
'.1 to 1.5 h to obtain a npmber of spesimens comparable to the standard
sampies. The samplers were emptied into a water-filled holding box

and organisms were separated from macroalgae and detritus by dip nets
.jor.by hand. Specimens were placed into 72-liter insulated coolers and

taken to the laboratory where ‘they were counted and c;assified,ss

4



:f. " a floétiﬁg screened box.

flive, dead, or stressed. Ihg'lattet classificatiop included fishzthat
~ exhibited abnormal beﬁavior, those with cuts, abrasions or otﬁé# injuries,
7-apd'c;abs that vere missing appendageé. All live and stressed_épeéiﬁens

were held under flow-through conditions fn 141 x é; X 22-cm o;-iZi 3:

61 x 30-cim holding tanks shppiied'with;filtered salt water drawn from an .

:ngérséndiyell in Jordan Cove..: After éhe first week-of sampliﬁé,
.;ré&aceauéifishe; and large crabs were.separéted ffom.tbe othéf gpééimenst
fsmaller:sfrgSsed fish that were subject to predation we;e ofteﬁ képg in
Qﬁsérvatiops of iateﬁt m&r;alicy were made at 6, 12, 36, and GQ'ﬁ
. fﬁllaﬁing céileétion. Dead'épecimens werez;emoéed.and'leﬂgth éﬁdf |
";wgight'ﬂwefé recorded. The number of étfeséed individuals was also :.
.noted...ﬁt the 60-h oBserv;tiéﬁ all gpecimens were'clasgified agd,ﬁEQSured

(length. and weight) and all those alive or stressed were released in;

,) ~ Jordan Cove. .

Survival estimates were determined by grouping the'déta by wash’
échedple (continuous; 2-, 4- or 8-h) and calculations were performed.as
‘follows:

initial impingement survival = Ab + SO

A0+SO+D0 ]
extended impingement survival = A + S5
6,12,36, or 60 6,12,36, or 60
AO + S0
total impingemen;.su:v;val.¥ A60 + 860
+ N
AO S0 + D0 | .
whgre Ao...60’ SO.;.GO; and D .Fépresented the ngmber of spécimens

70...60

of a speciés alive, stressed, .or dead at.initial and subsequent hours of

observation. Differences in' total survival of abundant species among

5



the various screenwash schedules vere examined with a G-test of independence-

at P < 0.05 (Sokal and Rohlf 1969).

.The following procedure was used to calculate the economic. loss of

-commerciallv important fishes and macroinvertebrates die to impingement

under present operating and sampling regimes., The percent length frEquency

of the impingement catch of each species was multiplied by the mean :

'annual impingement estimate to give the number per each'5 or 10-mm i

i .length group. Annual mortality estimates for each Juvenile size class

were applied to generate the numbers of. equivalent adults and these were -

: assigned to the size class ‘at which commercial exploitation generally

'first takes place. Since impingement sampling currently takes place 3

times per week, the specimens not removed on the other 4 days were '
considered dead. The mean initial (from 1976 and 1978-80 data) and
extended (from 1977 data) survival coeffieients were used to determine

the number of equivalent adults in each size group that were removed

“from the population by impingement each year; it was assumed that

survival after impingement was not dependent upon size. Published‘f

-length-weight relationships were used to calculate a wmean weight for

_ each of the size classes. The’ number of fish removed in each size class .

was multiplied by the average weight for that group and a summation over

all size groups gave,the total weight removed by impingement. Ex-vessel

prices for commercially important species given by Coffey (1978) were

‘adjusted upwards by 7% annually to obtain current estimated values. The

weight was then multiplied by the estimated 1981 price to obtain a

* -dollar value for the 1ndividua1s lost to impingement. Sport fishing

values were also calculated using data presented by the US Dept. of

JCommerce (1980) Total estimated expenditures by sports fishermen in

. Connecticut were divided by the total estimated finfish catch to give
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'a dollar value- per fish taken by sportsmen. For fishes taken'by-both

.the sport and commercial fisheries, the relative catch for each was

determined by comparison of ‘the landings. An adjusted total value based-.

'lon these percentages was then computed. Similar calculations were made

-

;us1hg immediate and" delayed sutvival coefficients from the 8pecial
':: sampling in 1980—81. The difference then would be the economicnsavings

3€~resulting from a sluiceway return system.’ Tbese data,-in conjunCtion

with the construction, maintenance, and operational costs and savings

i estimated by the engineering study would demonstrate the feasibility of

' such a return system at: Millstone.

A limited.study was also conducted to evaluate anpotential:location

. for the terminus of Unit 2 sluiceway.. On several. occasions both live

and dead uinter‘flounder were marked by tagging or freeze branding and

'-:.released approximately 30 ft in front of the rock outcrop between the
.intakes of Units 1 and 2 or by the Unit 1 bottom boom, located about 50

':'ft pn front of the intake structure. The number of winter flounder_

|

‘.recaptured'during subsequent sampling at Unit 2 were noted. - Results-of-

similar experiments conducted in 1979 are also discussed.

- 20 erm mu—t  —
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RESULTS

' The‘imoingement catch at Millstone was dominated by a few fisnes

,Eand”nacroinvertebrates (Table 1). Of these -only some (e.g., winter

' :tlounder, northern lobster) have economic value in,Connecticut.';ihei .
-winter flounder and'Atlantic Tong-finned squid.were most'numerouséiother"
;abundant fishes impinged were small forage fishes such as-silversides,
':sticklebacks, or anchovies (Table 2) The latter fishes and others such

;as the grubby or cunner have little or no sport ‘or commercial value

-

. except ‘as bait.A Macroinvertebrates taken included various crabs and the
'commercially valuable northern lobster. Young or’ juveniles made up .a

o large percentage of . the catch (NUSCo 1981).

Tnitial survival of impinged organisms; as ‘determined from the

regular impingement monitoring program data from 1976 and 1978~80p

‘ranged from 0 to 31.4% (Table 3). The winter flounder (31.4%), grubby

(26 54), tautog (24, 6A), and skates (21.8%7) had the greatest survival

~among fishes. Forage fishes such as silversides, anchovies, and rainbow

‘smelt had 1little or no survival (0-0.2%). Initial survival of crabs and

the_northern lobster was high (73.8 - 88.0%Z) but very few (0.2%) ot the
Atlantic long-finned squid survived impingement.
The-species with greatest survival were also examined monthly'to

see 1f any-discernible seasonal differences occurred. Survival of

uwinter‘flounder, grubby, and skates was greatest in winter and least in

summer; tautog survived best im May and September. The northern lobster
and blue crab had best survival in the summer and the lady: crab in the
fall.

ﬁuring 1977 most specimens that were collected alive were held for

96 h to obtain an estimate of delayed mortality from stress or injuries
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Table 1. Alphabetiéhl 1isting by common name of all fishes andimgcroiﬁQertebrétes ipciudédi{n this fﬁpért?

Fishes®

Alewife - Alosa pseudoharenguu

American eel - Anguilla rostrata

American sand lance - Ammodytes americarus
anchovies -~ Anchoa, spp. . - .

Atlantic menhaden ~ Brevoortia tyrannus
Atlantic, silverside - Menidia menidia.
Atlantic tomcod - Mierogadus tomeod:

bay anchovy = ‘Anchoa mitehilli

blackspotted stickleback - Gasterosteus wheatlandi
blueback herring -~ Alosa aestivalis
butterfish - Peprilus triacanthus .

codfishes - ‘Gadidae )
-cunner - Tautogolabrus adspersus :
fourspine stickleback - Apeltes quadracus
gasterostid sticklebacks - Gasterosteus spp.
grubby - Myoxocephalus aenaeus.’
- inlahd silverside - Menidia beryllzna

. lumpfish - Cyelopterus lumpus .
mummichog - Fundulus heteroclitus

Macroinvertebrateéb N

Atlantic long-finned squid - Loligo pealez
blue crab ~ Callinectes sapidus
green crab - Careinug inaenas !

a from Robins et al.. (1980)
b from Gosner (1971) .

ninespine stickleback - Pungztzue pungttzus
northern pipefish - Symgnathué fuscus

. radiated shanny - Ulvaria ‘subbifurcata

rainbow smelt - Osmerus mordax
red hake -Urophycis chuss

rock gunnel. - Pholis: gunnellus
" sea raven - Hamztrzpterus americanus
. 8ilver hake -~ Merluccius bilinearis .
silversides - Menidia spp. -

skates - Raja SpP..
snailfishes - mearzs Spp.

striped killifish - Fundulus niagaus

summér flounder - Euralzchthys dentatus

. tautog - Tautoga onitis’
-threespine stickleback ~ Gasterosteus acuZeatus

white perch = Morone americana

' windowpane - Scophthalmus. aquosus
winter flounder - P@eudbpleuronectes americanus -

" lady crab - Ovalzpes oceZZatus

northern lobster - Homarus amertcanus

. rock crab’ - Cancer irroratus -




' Table 2 Mean annual impingemént estimate for.the most abundant fishes ,
. and macroinvertebrates taken at Millstone Nuclear Power Station’ S

('.“i?’ Units 1 and 2 .from 1976 through 1980.
3 Estimated Mean Annual Number Tmpinged: .
- Fishes .
LR Pseudopleuronectes americanus . s 10,258
T U Memidia spp. . ' 6,063
'Gasterosteus spp._- ) 5,208
‘Myoxocephalus ‘aenaeus ' .. T 3,812
. -Anchoa .spp. , o 3,011
Merluceius bilinearis i 1,860
"Tautogolabrus adspersus - : 1,764
. "Micerogadus tomeod : : 937
- Syngnathus fuscus’ ) 933, S s
. Tautoga.onitis ~ ' 830 : g T
. Scophthalnius aquogus - : . 786 LT e
" ‘Cyclopterus lumpus . 634 ;
» Peprilus triacanthus 551 - )
- Morone amei'icana S 491
' .Ebja spp. .. &k75
Osmerug.mordazx : ‘ S 1) ]
Macroinvertebrates
(T ) Loltgo peaZez _ © 12,454
: Ovalipes ocellatus : 5,906
Callinectes sapidus ' 1,294
Cancer irroratus: ' K . 873
Carcinus maénas ’ 858

Homarus americanus 793

e
i
=N
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“;Table_'3 Initial Survival of the most abundant fishes and’ macroinvertebrates

" impinged -at Millstone Nuclear Power Station Units 1 and 2 during
1976 and 1978 through 1980. - . S
'.-' . S . Total Examined " Percent Initial Survival
iz, Fishes -’ o

7. Pseudopleuroncctes americarus . 14,463 31:4°
.7 Myoxocephalus aenaeus . . : © - 7,956 26.5
"+ Tautoga. onitig’ S . 1 816 24.6
Raja spp. : 974 21.8.
Gasterosteus spp. . - 6,720 7.0
" Scophthalmus aquosus - T T 1,726 6.9,

. Tautogolabrus adspersus 3,143 . 5,9

- Cyclopterus . tumpus . | 1,195 542
Microgadus. tomeod . A 1,878 4.1
Syngnathus. fuscus . : B 1,999 J1.6°
"Morone americana -’ ) : 1,055 0.6
-Anchoa spp. .- : : 2,632 0:2
Peprilus. trzacanthus : : 1,383 0.1
Mendia spp. - 7,080. 0

. -Merluceius btltnearzs 1,467 -0

*03merus mordax . 889 . 0
Macroinvertebratés
CbZZznectes sapzdus _ .3,071 88.0-

' Carcinue maenas - ' -1,833 : : 79:7
Homarus emericanus ’ - 2,016 - ' 75.8
Ovalipes. oééllatus 9,492 '73.9

- Cancer irroratus : 1,729 73.8

"Loligo pealei- 16,374 0.2

11



- years. Extended survival aiter 96 h was-approkimate1§ 80% foé

caused by impingement and Subsequent handling (Table 4) Most of the

i

species examined in 1977 had initial survival similar to thoselin 1976

.

and 1978—8Q. Differences in initial survival found for a few.species -

'commercially and recreationally important wvinter flounder, tautog, and-

northern lobster.- Total survival for all fishes was 0 to 23. 8

) 78 0% for the crabs and northern lobster, and 0.5% for the Atlantic.' .

long-finned .squid.

Initial and 60-h extended survival for most fishes and macroin-fi'

'.&'

vertebrates taken during the special sampling in 1980-81 (Table 5,'Figs. S

1-5) was higher than that of organisms collected during normal impingement

. monitoring.' Some of the above differences may be associated with sample
'size and the time of sampling, since samples were only taken during

_winter in 1980-81. Survival of the smaller forage fishes remained relatively

poor and most mortality occurred within the first 36 h following impingement.
The winter flounder and grubby had extended'survival greater than-9OZ
for all wash schedules. The : sticklebacks (threespine and blackspotted

sticklebacks were not differentiated) showed extended survival of 967 :

' for continuous washes through 85% for an 8-h hold. Extended survival .of

the snailfishes ranged from 55 to 75%. Exténded survival was 1owest for
the Atlantic silverside (13—257)

Other species were collected in small numbers, of these, fishes "

~such as lumpfish skates, cunner, and striped killifish, and the rock

crab shcwed good survival for all wash schedules whereas rainbow smelt,.
silver hake, and'white perch had high mortality.l The Atlantic tomcod,.
northern.pipefish, andigreen crab had greater survival for the continuous .
through the 4-h screenwash'intervals than:for the.8;h interval. |

12
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Table 4. . Initial and 96-h extended survival of the most abundant fishes and macroinvertebrates
e impinged at Millstone Nuclear Power Station Units 1l-and 2 during 1977

Total ' Percent Initial Percenc 96~ h . Percent Total

. eeeww. .. .. Examined... ... .Survival - . Extended Survival Survival
Fishes
Pseudbpleuranectes americanus. 4,938 i 29,4 : . 80.9 ' '23;5 .
Myozocephalus aenaeus : 1,511. 23.1 ' 93.4 - - - 1216
. Gasterosteus spp. . .- 3,727 19.3 81.7 . " - 15.8
Cyclopterus Zumpus o 426 _ 15.5 : 93,9 L1405 .
Raja spp . . 498 19.5 - - 2 63.8 - 12.4
Scophthalmus aquosus = - 269 - 18.2 ' 63.3 - 11.5 -
Tautoga onitis 447 13.0 81.0 . - 10.5",
Tautogolabrusg adspersus o - 829 4.6 - 94.7 4.3
Syngnathus fuscus . . o 225 2.2 60.0 1.3
Microgadus tomeod 172 1.2 50.0 .. : 0.6
Morone ameriecana 480 0.6 50.0. 0.4
Anchoa spp. 449 0 —— : 0
Menidia spp. - o 822 0. - 0
. Merluceius bzlznearzs . 529 0 - 0
Osmerus mordai : 223 -0 - 0
‘Peprilus triacanthus . o 74 . . 0 _— 0
Macroinvertebrates :
Callinectes sapidus . 236 82.2 94.8 78.0 .
Carcinus maenas - : 448 . . 67.0 . 90.7 60.7
Ovalipes ocellatus L 2,072 76.7 72.9 .55.9
Cancer zrroratus . oo S0 . 405 ' 56.8 94.8 ~53.8 |
Homarus amerieanus = . - _ 299 57.9 80.3 46,5+
0.5. - 0.5 ¢

LoZzgo pealet Lo 22,267
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. Table 5 1Initial and 60-h extended éﬁfvivai'bf fishes\sﬁﬂ macréiﬁ&értébf&fééﬂiﬁéiﬁgea'éﬂ%iﬁg Qéfibﬁé scrézawﬁéh'
- schedules at Millstone Nuclear Power Station Unit 2 from 15 Décember31980 through 9. April 1981.

Continuous wash Total Percent Initial . . Percent 60-h Percent total
) ‘ examined survival . _extended survival - survival ]
Fishes
Cyclopterus lumpus 8 100.0 .100.0° - 100.0
ApeZtes quadracus . 6 R 100.0 100.0 .- . -~ 100.0
Raja spp. ' 4 ' . 100.0 100.0° - . . "100.0
ucophthalmus aquosus 3 100.0 . 100.0 . . - 100.0
Anguilla rostrata’ 1 100.0 o 100.0 . . ©100.0
Pholis gunnellus 1 100.0 ' . 100.0 100.0-
Pseudopleuronectes americanus 133 - 97.0 . . 100.0° : - 97.0
Myozxocephalus aenaeus - .56 ¢ ~ . 100,0- g _ 94,6 . - . St 94,6
Syngnathus fuscus. 111 _ 96,4 - o - 93.5 : ' 90,1
Gasterosteus , spp. . 180 91,7 : . 95.8 E " 87.8
Liparig spp. = N 8 . - 7:100.0 © 75,0 : . " 7540
.Tautogolabrus adsperaus 4 ° 75.0 I +100.0° . 75.0.
Microgadus tomedd - 2 ' . 50.0 . . : 100.0 . '50.0
Morone americana . . 2 100.0 50.0 - 50.0
Osmerus mordax 24 58.3 : 35.7 120.8
Menidia menidia ‘ < 32 : 62.5 . S 25.0 - . = 3 15.6
Aloesa aestivalis o 2 , 050,00 . 0 . s o -
Ammodytes americanus. -2 , o - o Co- Y 0

Macroinvertebrates

Cancer irroatus - o '-;' 4 . . . 100.0 ' o 15.0 S . 75.0




peere,

. TéBle Cont d)

2-h intermiﬁtant hold”

Fishes

Cyclopterus lumpus
-Pundulus majalis

Pholig gunnellus -

" Syngnathus fuscus

Raja spp.

Apeltes quadracus
Tautogolabrus adspersus
Myoxocephalus aenaeus
Miérogadus tomeod
Pseudopleuronectes americanus
Gasterosteus spp.
Scophthalmus aquogus
Morone americana
Iiparis spp.

Ammodytes americanus
Mendia menidia

Osmerus mordazx - -
Merluceius bilinearis
Mendia beryllina

Alosa aestivalis

Macroinvertebrates

Cancer irrroratus
Careinus maenas

‘Total =
examined

..?efcent initial:
survival

100.0
100.0
100.0
100.0
'100.0
100.0
100.0
96.6
96.3
97.9 -
9.4
-100.0:
- 100.0
76.9
3303
49.6
b 2607
'2500

100.0
180.0

: ‘Percent’ 60-h

-

.-~ Percénit’ togal =, -

- ‘extended survival. survival -
100.0 . 100:0
100.0 100.0
100.0 -, . 100.0
100.0 100.0
100.0° 100.0

- 100.0 100.0
-100.0 100.0
95.9 .92.7
96.2 92.6
93.7 91.8
¢ ..91.2 861
. 80.0 80.0.
50.0 50.0 .
56.7 43.6
100.0 33.3
17.5 8.7,
0 0
- 0.
- 0 -
100.0 100.0
.-100.0 80.0
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Table ¥Cont'd).

' IR ) . Total. ) Percent initial Percent 60-h : Percent total .'
4-h intermittant hold - examined survival : extended survival - survival
Fishes . .
Cyclopterus lumpus - ° 17 " 100.0 " -100.0. - "100.0 7.,
Fundulug majalis ' : 7 100.0 . . 100.0- - . . 100.0:: .
Apeltes quadracug 4 ~100.0 - 2 100.0 100.0 -
Ulvaria subbifurcata 2, 100.0° .. . © 0 7100.0 . - "100.0- ¢
Pungitius pungitius 1 100.0 . " 100.0.. ° - 100.0°
Tautogolabrus adspersus 1l - 100.0 100.0 100.0
Microgadug tomeod. . : 13 . 92.3 S 100.0 - 92,3 ¢
Myoxocephalus aenaeus ' 176 . - 96.0 - -~ 95,6 - " - 92.0
Pseudopleuronectes amerzcanus 175 . 96.6. . ' 91.1 88.0
Raja spp. - - 7. 85.7 . 1000 85.7
Gasterogteus Spp. 480. - 91.7 - .85.9 - 78.8
Syngnathus. fuscus - 2z . 91.7 L 81.8 75.0
Scophthalmus aqubsus : 4 ~100.0 75.0- - ' ©75.0
Liparis SPP. - : 51 . 80.4 : o 1320 ‘ 58.8-
Pholis qunneZZus o 2 -50.0 ' 100.0- 50.0
Morone americana 12 91.7 9.1 ‘8.3 -
Menzdw men'(,dw ' . 297 _30.0 o '15‘7: 4.4
Osmerus mordax ©.13 . 46,2 0 0
Merluceiug . bilinearis 8 -0 = . . 0.
Mﬂmhabayﬂwm . 2 - 50,0 0 "0
Armodytes americarus - 1 .. -100.0 0 -0 -
Anchoa mitehilli -1 0- - -0
Angutlla rostrata 1 100.0 . 0 -0
Brevoortia tyrannus 1. '100.0 . 0 0~
"Macroinvertebrates
Cancer irroratus - 29 L9606 L 92,9 - | 89.7° S
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TaBl"d (Cont'd)

8-h intermittané'hold,'

Fishes

. ‘Apeltes quadracus
Fundulus majalis

Pholis gunneZZus

Raja spp.. .

Fundulus. heteroclztus :
Myoxocephalus aenaeus
Cyclopterus lumpus
Pseudopleuronectes amerieanus
Tautogolabrus adspersus
" Gasterosteus .spp. .
Scophthalwmus aquosus -
Microgadus tomeod
Liparis spp.”
Morone . anericana
Osmerus mordazx
Ammodytes amertcanus
Syngnathue fuscus -
Menidia menidia .
Cadidae -

Merluceius bilinearis
Alosa aestivalis
Menidia beryllina
Alosa pseudoharengus
Hemitripterus americanus
Urophyczs chuss

MacroinVertebrateS'

Homarus amertcanus
'~Cuncer zrroratus
Careinus . maenas:

Total

examined

oW S

--41\, T P

S

_Percent initial
survival

P

Percent 60~h

s .
. N, .
‘.

Percent total - S

extended survival Survival
. 100.0 Lo 100.0
© 100.0 .. ' 100.0
100.0.. 100.0
. 100.0 100.0
'leb 0 100.0
- 96.5 9.4
92.6 92.6
94.9 " 91.5
80.0 '80.0
84.8 78.6
80.0 66.7
70.6 63.2
66,7 53.3
77.8 46.7
57.1 33.3
*50.0 33.3°
. 16,7 16.7
13.2 2.7

- 0

- 0

0 0

- 0

- .0
- 0
0 0
o -n100,0. s 1000 -
©92,5. 7. 9042
45 5

" 7L.4
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' lobster) removed by impingement at Millstone was computed using estimates

The condition of specimens at-60 h following impingement for the

Ky five most abundant species collected was analyzed to determine’ the

' effect of wash schedule (Table 6) As expected continuous washes
':;generally produced the greatest survival but few significant differences
'ziwere found among the various wash schedules. Differences that vere found

-\varied among the species examined

. The economic value of four commercially and recreationally important

spéciles. (winter _flounder, tautog, Atlantic 1ong—finned squid, and northern

of initial and extended survivals A total of 1,048 kg of winter flounder

. with an ex—vessel value of $l 038 was estimated to have ‘been removed
_[annually from the population by impingement at Hillstone (Table - 7)

_These fish also had a total estimated sport fishing value of $11,572. A

comparison of the winter flounder sport (US Dept. of Commerce 1980) and .

commercial 1andings (CT DEP, unpublished) in Connecticut showed that
--about 65% of the total was landed by commercial fisherman.- if the

. number of adult—equivalent winter flounder was adjusted to reflect these

percentages, then the total value was $4, 787. Similarly, tautog had a

total commercial value of $43,-a sport fishing value of $l 254, and an

'adjusted total value of $1; 202 (Table 8)

* The- Atlantic long—finned squid removed by impingement had no sport

value and a commerciai value of $770 (Table 9). The northern lobster,

’ because of its high ex—vessel value, was worth $l 073 . (Table 10)

Although also taken by non:commercial fishermen and-divers, no.data were

available to assign these individuals a sport'fishing value,

23
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. Table &. Differences in impingement survival by wash-schedule of the five most: nunerous:fishes takem at-
" . Millstone Unit 2 from Decembet 1980 through April 1981, - : e el Ty ’

A. Winter  flounder3

.Wééh schedule’ - Alive Stressed ° Dead Total = % Dead

Continuous o127 2 ' 4 133 "3
2~h L 126 10 12 . - 146 8.
- 8h | ' . 144 . 6 . T 14 164 8.
4-h o o144 10 21 . 175 -12.

oVnNo

Total . " 539 28 51 618

G = 16.034. * % 12.592)

o
. *Cos(6) -
c2:84

B.  Grubby

Wash séhedulé"-‘. klive : Co }bead + * Total - 2 Dead

4w . T 159 I S T v 3
gsh 218" | 12 " 23 579
Continuous . 53 3 56 . 5.4
2-h . . 164 _ . 13 . 17, 7.3
Total 59 ! L0738 629
‘G'm 11.656%  (x2__ . = 7.815)
o o .05 (%) |
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- 2-h

. Tabl#i%) (Cont'd)

. C. 'Threespiné and'Biabkspotfe& sticklebacks

.‘Wash Schedule -

Continuous

8-h
4=h- -

fTotal

G = 23.262%

'c 2 8

Snailfishes

Wash Schedule .

4=t
8-h
2~h

Total

G = 2.074 NS (x

4L 8 2

Aldve

139 .

. 324

297 .

-+ 359°

1119

Alive

30,
16
17

63
2 » .
.05(3)

Stressed

Dead .

v .
PR .

19
17
20
19

22"
55.°
.81,

75

‘(x?05(5) = 12.592)

= 7ﬂ815) .

3

- 102

260

Deéd

21

14°
22

S8

o

Total” % .Dead

180 . “12.27 .

©396 . 13.9
398 "20.4°

480 . 2103

1454

Total % Dead

51 41.2
30 46.7

39 s6u

120
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. ‘Tab.l-e':;fi'.'r.”;f’ (Cont: ' d) e o

LI . . . . RIS AL A Tt s
o (I . L, oeTre ., ' . L

E. Atlantic silverside

- Wash schedule *  Alive. . ”‘. . - Deéd: Total . -éilléei.'
Continuous™ = | s a7 32 84.4
b - . .11 L 116 127 91.3 - |
w13 . 284: 297 195.6 AU
8-h L 8. e o3 3300 - 97,3 . - T
Total: 38 748 . 786 ‘

) .

G = 12.434% (x "= 7.815)

.05(3)
C_ 2 4 8

* Notes: .
, 'l.'R'X C test offindeﬁendence”using the G-test kSokal and ‘Rohlf l969)3

2. H : Frequency of alive, stressed, and dead independent of wash schedule.
: frequency of alive, stressed, and dead dependent upon wash schedule.

A’
2 values with df = (Columns -1). (rows—l)

.H
- 3. Calculated G compared to table X

b, * = significant ‘at P< .0.05; NS = not significant. Wash. schedules artsnged in ‘ascending. order of
dead and. those underlined are not significantly different. . . .

5. Stressed specimens and those taken during continuous washes not included for some species where
.'sample size .wag relatively small.;z. RS RO AT TR AL e
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. Table 7. Fstimated value of winter .flounder removed annually from population by Impingement at

¥

*

Millatone Nuclear Power. Statfon Units 1 and 2.

A, Ault- equivalent ealeulation )
. . % total-. b Annual Adult- .
Length (mom) apge-class? Ampingement - ° n survivaj” equivalents
€130 . - .0 33 3,385 0.145 162 '
130-230 -, 0 SR 3s 3,590 0.333 1,185 .
>230 2+ 32 7,283 ——- 3,283
Total - 4,630
B. Economic value calculation .
: ' Number of adult- Mortalieyl Mean Total .
length (mm) Zlength frequency equivalents impinged S 1 E  Total Veight®& Weight
230 8.5 279 159 A2 6 247 131 32.3
240 . B.7 286 163 84 8 255 150 38.2
© 250 9.3 305 . " 174 90 8 272° mn 46.4
260" 8.8 1636 935 481 4 1460 193 281.9
270 8.2 269 156 719 7 240 218 52.3° . .
280 . 8.7 286 - 163 84 .-8 255 245, 62.3
. 290 8.4 276 158 81 7 246 273 67.3 .
300 8.1 266 152 78 7 237 305 - 72,2
310 7.3 - .20 137" 71 6 214 338 72:4
320 6.3 e m207 118 61 6 185 374 69,2
330 - 5.1 - 167 95 49 .5 149 413 61.5
340 3.5 115 66 34 3, 103 454 . 46,7
350 © 2.6 85 49 25 2 76. 498 37.8
360 2.0 66 .38 19 2 59 S44 26,7
370 1.3 43 25 12 1 38 594 22.6
'380 1.1 36 21 10 1 32
390 . . 0.9. IEEPE , EUPCARNRPAI | AN TS R+ 2
00 L e L T003 e e e A0 e e 6, R O 9 e
SRS [+ R 10 B i L T A 0T ALl et 8
- 420 . . 0;3 . A 10 . " "."6'.'... 3 0 .. ":.' ?‘, .o
430 - 0.1’ 3 . B S | BRSSP
440-480 - 0,2 7 ‘. 4 2 0 6

Ex-vessel. vnlueh (fn 99/kg)
Spore.- fishing value® "($2.80/€ish)-

Adjusted tc'ital}mlue-1 1

S $11,572
- . $4,787




Table 7.(Cont'd)

" NUSCo (1980) _ R
% x annual .impingement . estimate of 10, 258 - ~ BRI
- Hess et al. . (1975) '
n-x annual mortallty rates to’ age-class 2+ R
3,283 adult-equivalents (age 24) assigned-sizes by length-frequency fiﬂ
. distribution' 1,347 assigned .to 260 mm, approximate size of initial-.
commercial exploitation (Saila et al. -1965) '
S = ‘sampling mortality 57 1z of adult-equivalents not removed from
Millstone :
= initial impingement mortality 68.6% of .(total - S)
E = extended impingement mortality : 19.9%Z.of (total - S ~ I)
g log (wt) =75.401 + 3.183 log (1) (NUSCo 1978).
Mean weight ing; total weight in kg T
h  Value from Coffey (1978) adjusted upwards 7% per year to 1981 -
1
J

_-". .

Calculated from US:Dept. Commerce (1980) .
'65% -of total .catch calculated as commercial landings worth $679 and
BSZ having sport fishing value worth $4048

gt

28{
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Tat: Eutimated value of tautog {emoved:&nnhal]y'frcm pomilatlon | plagement at Millatone Nuclear, Powur Statfon:Unft 1 and 2.7’
ey X ) . e o o : --'... "\’:’-' : ’ . .. .. - ..-. . PR Tl B '.:".".':.""' ’ - ~'
A.. - Adult - eiw_lvnlvnt enlculation . . L - ‘e
: . o Z total ) ‘Annual . Adult- d L
Length (mm). - .- . Age-class? ~* impingement .Iﬂ: survival®  ©° equivalents - .
60 0o 1.5 13 SRR I ) S
60-130 - 1 23.0 . 191 . . 0,70 . 66
T130<200 0 ceeem om 2 .37.0 - © 307 MR ) I ) ST 150"
200-240 3. 20,5 170° 0070 119 -
1240+ : &+ 18.0 149 - . 150 g
: Total .. 487 P
B. Economic Value Calculation . . '
. . .number of adult- . Mortali:xf' .. Mean Total
length (rmm) %length fregquency equivalents jpgingede s 1 B Total welght® . weiphe
20 . Tt 1642 24 14 8 0 22 256 5.6
250 : . 12.6 19 - 1 6. 0 17 289 4.9
. 260 ) 10.7 16 9 5 0 14 325 4.%
270 9.0 14 © 8 5 n 13 365 ° 4.7
280 10.6 353 202 114 7 323 ° 407 131.5
290 7.6 . 11 6 4 a 10 453 T4,5
300 5.6 8 5 2 0 7 502 3.5
310 4.6 7 4 2 0 6 - 554 3.3
320 < 3,6 S 3 2 0 5 - 610 3.0
330 3.2 © 5 3 2.0 " .58 -+ 669 3.3 .
340 3.4 5 ‘3 2 0 © 5 732 3.7
.350 . 2.4 4 2 2 0. 4 799 3.2
360 2.2 3 2 1 0 3 870 2.6 .
370 2.0 3 2 1 0 3 946 2.8
380 . 1.0 2 1 1 0 2 1025 2.0
390 0.6 1 1 0 0 1 1109 1.1
400 .0.8: 1 "1 0 0 1 1197 . .. 1.2
410 © 1.0 .2 1 1" 0 2. 1290 2.6 °
420-430 0.6 : 1 1 0 0 1 1438 - 1.4
40 . . . 1.0 2 1 Bt .0 2 1597 352
450-460 ' . 0.6. 1 1 0 0 1 1767 1.8 °
480-500 0.6 . 1 1 0 0 1 2210 2.2
. 3 . .
Total ~ C ) 100.0. . 488 282 159 - 7 448 .- 196.7 kg
Ex-vessel valueh (50.22/kg) ) . ’ . . " - .8 43 .
Sport fishing valuel . ($2.80/£1sh) . oL . . $1,254

"Adjusted total value o . AR K . $L,202

Cooper (1967) .

% x annual impingement cstimate of 830
estimated from Cooper (1964)

‘n % -.annual. survival rates to age-class a+

-0 N o

S = gampling mortality : 57.1% of adult-equivalenxs not vemoved from M{listone
1= initlal 1mplngement mortulity 75 62 of (total:-5) .

* E' = extended’ imptngement mortality : 19.0% of (total-S-T)
log (wt) = ~4,788 + 3.023 log (TL). (NUSCo, unpublished)
Mean weight {n g; total weight in kg
value from Coffey '(1978) adjusted upwards 7X per year to 1981
caleulated from US Dept. of Commerce (1980)
az of total catch calculated as commerclial landings worth 32 and 962 having sport fishing valué worth $1200

oo T -]

- 150 adult-equivalents (age &4+) aseigned sizes by, length-frequencv disttibution 3@i%$§bi§f&rf1§ askiﬁpéh}’ko:QBth@f.:h.:

-
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T . . S . . L . e e L e eneen TN ., ".' e I
< g, E#t(mated value of Atlantic ]ong—f{nncd squid removpd __#ally from population by-impingement at,Millstone Nielear Povor ™
Station Unf{ts 1 and 2, ’ . : . c .
Adule~ cqplvalent.calculation . :
'L g’-- T - . b ,annual adult-,. } é
Lengt (mm?. age-clazs® ;_gggg} imptngement 1 _survlval __ tquivalents? -
... <80 pre-recruft 1.6 4,185 0.05 - 209
>80 recruit- 66.4 8,269 - 8,269
Total - 8,478 - -
Fconcmic value cnlculntion .
) : number-of adult- total . " mean total
ength S__l "% length frequency ‘equivalents {mpinged . mortallcyf weight& wveleht
80 9.8 1019 1019 20 20.4
90 © 8,8 - . 728 728 25 18,2
100 8.3 686 686 n 21.3
110 - 8.5 . 03 703 38 26,7
120 6.6 546 546 45 24,6
130 7.6 628 628 52 32,7
140 5.9 488 488 62 30.3
150 5.6 463 463 n 32,9
160 . 5.8 480" . 480 82 39.4
170 4,3, 356 356 92 32.8
180 4.4 . 364 364 - 104 37,9 °
. .190 4,0 . 331 331 117. 38.7
200 337 273 273 . 130 35.5 . .
210 3.5 - 289 289 144 41.6
220 2.6 215 215 159 34.2
230 - 2,6 ~215 - 215 - 174 . 37.4
240 2.2 182 | 182 190 34.6
250 1.6° 132 132 207 27.3
260 1.3 108 108 .224 "24.2
270 - 0.8" - "6 66 244, 16.1
. 280 0.8 66 66 265 17.5
290 0.6 50 . '50. T 284 14,2
300 . 0. - 33 33, 305 10.1.
310 0.3 25, 25 . 327 8.2
320 0.1 8 -8 349 2.8
330 0.1 .8 8 373 3.0
360-400 0.1: 3 8 422 = .
Tatal 100:0 8,‘078 8'.578 - 669.2 kg

Ex-vessel valhe

Complex 1ife cycle,
% x annual impingement
_Summers (1971)

assumed to bhe 100X
males:
1:1 gex ratio assumed.

= Xm0 TN

* {S1.15/kg) ‘
Recruited to commetcial fishery ‘at 80 o - (HAFHC 1979)

estimate of 12,454

ival rate ’ '
'g §6;n:::1ui:;vas:{gned sizes by length frequency distributiony 209 arbicarlly asnigned to 80 mm size class.

log (w) = -3 031 + 2,2641 lng (mnntle length) (lebetta 1975).

log (W) = =2, 2524 + 1,863% log (mantle length) and females:
‘Mesn weight in g3 total weight in kg.
Value from Coffey (1978) adjusted upwards 72 per year to, 1981
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Tabie- 10, Estimated vaer of northern 1obster removed annually from population by impingement at
- Millstone Nuclear Power Station Units l'and 2.
A.  Adult- eiuivalent:calculation e o : ' " Annual . f'ﬁndpit-‘ d
Length (mm) . age—classa % total impingement .EE ) survival . requivalents
- <81 . - . preerecrult . 96,7 767 - . 0:72 L
>81 : ' recrult, 3.3 - 26 - - - R - 26
| Total | ' 578"
B.  Econamic value calculation . L £ :
length (mm) = % length. -~ number of adult=- Mortality. . Mean Total
: - frequency equivalents impingede s I E. Total weight® weight
80 '1' S 333 561 . 320 58 36 414 437 _' 180.9
85 : .41.3 R <11 . 6 .1 1 8 . " 504 - 4.0
"~ 90 - ) D 14,7 o & .2 o] o- 2 ax 599 1.2
95-100 - - 10.7 . . 3 : 2 0 0 2 704 - 1.7
100.0 : 579 330 59 37 426 - 7 187.5 kg
Ex-vessel va_lueh ($5.72/kg) : . : ' .- $1,073

a “Assumed to-be recruited to fishery at minimum legal carapace length,
b. %Z x total annual impingement estimate of 793
‘c. Dow (1964)
d. n. x annual survival ‘rate : ~
e. 26 recruits dssigned sizes by length frequency distribution, 552 arbitrarily assigned to 80 mm size class.
f. S = sampling mortality : 57.17 of adult-equivalents not removed from Millstone
I = initial impingement mortality 24.2% of (total - S) . .
E = extended impingement mortality : 19.7% of (total - S - I) " :
g. log (wt).= -3.,0870 + 3.0008 -log (carapace length) (Lund et al. 1973). Mean weight in g; total weight in kg.
.h. value from Coffey (1978) adjusted npwards37% per. year to 1981.. . ) .
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Several other species impinged at Millstone, such as ‘the silver

.' hake, butterfish ‘white perch and blue crab, have limited commercial or

sport'value in Cbnnecticut. Hbst silver hake (997) and butterfish (852)

. were impinged as juveniles and the impingement estimates of butterfish .

and white perch were low. Although relatively abundant _the blue-crab-:

has demonstrated good survival following impingement. Therefore, neither

_ adult—equivalent losses nor economic values were calculated for these

species and-their collective value was probably less ‘than $100,annua11y.

A potential terminus ‘for the Unit 2 sluiceway is off the rock

'outcrop between Uriits I and 2 (Fig. 6) and results of variOus mark and
.;release studies conducted there are summarized in Table 11. Less than ..

10% of the marked live winter flounder released in nine trials were

subsequently recaptured during impingement sampling. _One exception.vas

304 return following a storm in April 1979. No markéd'dead winter

" flounder were recovered in one. experiment whereas 9Z of the live fish
' released concurrently were recaptured. During another experiment only

'2% of the winter flounder released during the day were impinged but 9%

released the following night were ‘retaken.

32
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Rosults of mark and release’studies canducted near at,__josed- terminus: for the Unit 2 sltx'ice\{a';g'dfxrin{;-‘l_979}’a'r;d'l'ﬁll.

. . e Y . . * .
. i * B .\ ¢
. e e n .
P Y

t s

.o ‘f.:_.

Dace © . location .released -~ . . Specles?
3-12-79 | Inside Unit 1 bottom boom ‘P, amepricamis
3-20-79 Inside Unit 1 bottom boom .. P. americarus
. 4=2-179 Outside Unit 1 bottom boom P, amerieanus
’0"16'79 Inslde Unit 1 bottom 'boom‘ P, mericams -
2-9-81 . . Off rocks between'Units 1. p  gmericanus
. ) "“and 2 : . L. .
- m oo Mo © Py atericanus
. 2-17-81 T " L P. americamus
6~2-81 <. - " " ) - P, americarus
' "o " © P, dentatus
" " 7. adepaioua
" " il. americarue
v ] 'Rd.id 8pp.
" ' " ?. onitfe
6-3-81 ". . " ?. americarnus

v

* Number marked

© - 23
17
54
37
76

61
64
109

[N NN N

-
N~ D

PDOOOID AN

) Number. lmging;&d

Comments

- Unit 2 Shitdown in'spring 1979,
.High winds, .smm-y condit-ions‘

Unit 1 shutdown in'winter and spring

1981-
Specimens were dead

Released. at night

a  Specimens alive and released during 'day except where noteq
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Tab__.11. - Results of mark and release’studiés’éonducted near a:prwosed-terminus’ for- the .Unit' 2 sléicevay durfng 1979 and 1981, "I o

Date . location released .o . Specles? . -~ Number marked Number impinged . Comments
3-12-79 | Inside Unit 1 bottom boom . ‘P, amepicamus - P23 0 Unit 2 Shutdown in spring '1979.
3-20-79 Inside Unit 1 bottom boom ~ : P. americarus . 17 ! SR - .
4-2-79 . Outside Unit 1 bottom boom P, gmericarus 54 16 High winds, stormy conditions
© 4=16-79 Inside Unit 1 bottom boom P. anericarms - 37 . 3 . A
2-9-81 . Off rocks between Units 1 P. americanus 76 7 Unit 1 shutdown in winter and -spring
“and'2 R ' 1981 .
" " " : P. americanus . . 4l q . Specimens were dead -
. 2-17-81 " " P. americanus : 64 1 '
6~2-81 ° " " P. americanue 109 2
" " ) P, dentatus 4 1
" " * T. adspeisus 5 ]
" " . americarus 3 0
B " Raja spp. 1 0
" "o . 7. onitis 1 0 - o .
6-3-81 "o " P. americanus . 92 8 Released ‘at night

.

a  Specimens alive and released during day exce{at where noted

Je
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DISCUSSION

The 1mpingement operations presently at Millstone have resulted in

,'relatively little overall survival for most species. However, the

w-_impingement survival study conducted during the winter ‘and early spring o

of 1980-81 demonstrated that. a large percentage of fish and macroinver- .

.-tebrates can. survive impingement if immediately returned to sea water.

The extent of this increased survival has not been completely ascertained

because of the Iimited seasonal nature of the’ sampling. Some-mortalities

“in the laboratory, especially for cold-water forms such as the snail-

fishes, may have beéen due to the increased water temperature there due "

.,to the salt water well utilized and. from the heated building where .the ..

holding tanks were located; temperatures were usually 5C ot greater than

. ambient. Nevertheless, survival estimates in this study were generally
o similar to’ those recorded elsevhere (FAI 1977, 1979; Tatham et al. 1977

__1978) Benthic fishes (e. g., winter. flounder, grubby), fishes with

protective integument (e.g., sticklebacks lumpfish), and. the macroin—

vertebrates with a hard exoskeleton (crabs, northern 1obster) had

" .

greater survival than smaller forage fishes (e.g., silversides rainbow )

'smelt) In addition, most dead crabs noted in this~study had recently

~molted, which was also a major.reason for impinged crab mortality

reported by Tatham et al. (1978)

Studies at several power plants indicated that’ survival decreased

'from continuous screen washing through progressively 1onger intervals -

between washes (EAL 1977 1979 Tatham et al. 1978). Differences.among

.screenwash intervals at Millstone were less obvious._'dur studyvindicated

~that -screenwashes at 4 to 8-h intervals should be adequate in maintaining
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survival of commercially and recreationally important species. The E

interval time represented the-maximum-time an individual could have~~

. remained on a .screen,. Except for continous washes (abOut 10 min), the

-

‘mean time . period of impingement was not known.

i

Based on studies done at several other power plants (Tatham et-al.

. 1977; 'MRI 1981) little or no additional mortality would be expected for

most species following sluiceway passage. However, this could-be dependent

.upon velocities, consttuction of bends, materials used, and the design

-~

" . of the exit terminus.

-

Experiments with marked winter flounder and other species that‘were

'released in the vicinity of the intakes were not. conclusive as’ far as

- the suitability of this area-for a sluiceway discharge. Most of the

marked winter flounder were recaptured at night and during a storm,._-
periods{which also coincided with maximum. impingement 1evels (NUSCo

1977, 1981). Therefore, the possibility exists that some organisms

-returned by a-sluiceway could be reimpinged. A greater possibility may

exist for the recirculation of small fish and invertebrates and algae
and detritus, the extent of which is not presently known._'
The’ calculation of commerical value of impinged organisms was

dependent upon market conditions and fishing costs which included, but

--were not limited to boat operating expenses, seasonal availability, and A

'abundance.. Recent trends have indicated a. continued annual increase in

) the value of most species landed in New England. Sport fishing-value

'_ was more difficult to establish and total estimated expenditures made by

Connecticut fishermen in 1979 were divided by the- total sport catch

'irrespective of species, to give an average cost per fish landed This

did not take into .account the relative worth of the species and sizes
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séught by'adglers. ‘The ‘sport fishing value of an individual fish to .an

individual fisherman is highly subjective ‘and -difficult to quantify and

less confidence can be placed 1n these values.

5
it
g



‘e, . ‘)4 .:.

—~—

‘the technical feasibility of an alternative. Preliminary drawings and

" cost estimates were prepared only for those alternatives deemed practical

ENGINEERING DESIGN.STUDY . L

METHODS

" Various sluiceway design alternatives were evaluated prior to ‘the

‘. ,.-'.-

-_preparation of cost estimates. The ease of construction, maintenance,

.operations, and safety were among the factors considered in determining

T

. at Miilstone. Limitations of various pipeline materials (fiberglass,~-
' eementélined ductile-iron,.reinforced,concrete, and steel)-vere eyaluated.
* Preseént as~donstructed'elevations, plant operating parameters, andff

. .projected design flows were all taken into consideration in preparation

of preliminary designs.
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DESCRIPTION OF PRESENT OPERATIONS

The - traveling screen systems at the intake structures of Millstone .

Units 1 and 2 usually operate on a pressure differential (¢ AP ) system,

although they may also ‘be washed ‘manually or by use of a timer.;fWhen a '.

". ap of 6 psi is reached due to the accumulation of material such as'algae

or fish on the 0.375- in wire mesh screens, the screens begin to rotate.

The minimum number of daily screenwashes is three or’ four, with more

frequent washes occurring when winds or tides-load the screens with

debris. During storms considerably more material is impinged and they

are rotated continuously until the material decreases. Under usual

4

:conditions one pump at Unit 1 (1 050 gal/min) and one at’ Unit 2 (l 760

'gal/min) each deliver an 80 psi spray which remove the organisms,‘

macroalgae, and other debris retained on the “screens. About 25% hf this

.~ s¢reenwash water is lost because of spray‘splashing,-resulting~in'a B
gravity'flou of 788 (Unit 1) and 1,320 gal/min (Unit 2). in the, sbreén

washwater troughs which carry the impinged material from the screenhouses.~

i At Unit 1 the material washed off the screens is transported in a

trough that Tuns inside the structure to the south face where it exits

9 . !
the wall via an 18-in pipe. washes from the,traveling screens, service

water pump strainers, and material periodicallp.cleaned from.thejtrash

' racks preceding the traveling screens use this pipe in common. .This

jmaterial drops into a trash pit ‘which contains two baskets (one primary

and one overflow) with l-in drainage holes. The pit drains through a

..15—in pipe buried in a. trench which runs approximately 100 ft to: the

-south of the intaLe structure and spills on the existing riprap shore~

line protection (Fig. 6). & sacond overflow drainage 1ine‘at a higher =
elevation drains the pit to near the southwest corner-of the intake

structure. -
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Full trash baskets are lifted out of the pit by truck-mounted
'gf xf-’ . crene,.dumoed, cleaned, and replaced. All detritus and organisms not
removed by the-inpingement'samoling program are hauled to a 1endf1i1 for
:disposal. Presentl} this cieaning is done two or three times weekly and
'requires about 20 man—hours of 1abor per week (0.5 man-year), . but following
;'a storm as.much as 48 man—hours may be required. o

Material washed off the traveling screens at Unlt 2 is carried in

:Qa trough ‘exiting through the south wall of the screenhOuse. This trough
'-enters a larger one which also- aécepts material cleaned from the trash .
racks before emptying into the trash pit; service water strainer weehes .
.enter'the pit through a eepatate trough. The pit contains a besﬁet}yith
'l—in perforations and drains from the nottom by a 24—in_pipe. The.p;pe
exits the seawall just south of the screenhouse and discharges into an
é;"3~ area between the seawall and the rock outcrop between Units 1 and 2
Ihe trash'basket is empt@ed, cleaned, and replaced usually_five
tines a beek'by personnel.conducting inbinéement eampling. In edditéon,
: .it is empt&ed and cleaned by niant peréonnel when full at othet tines,
. especially during storms.. Theé -material is hauled to a 1andf111 for
dlsposal once a veek. . Routine maintenance requires about 8 man—hours
-'per_week (0.2 nan;year) by plant personnel, but storms may necess%tete

up ‘to 24 to 30 nan-hours-of work.
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SLUICEWAY DESIGN ALTERNATIVES

“Alternative 1 — Discharges to the south

Unit 2

The Unit 2 trough exits the screenhouse at an invert elevation of

',312 5 ft.. To facilitate the return of organisms and other material to
Long Island Sound, a flow bypass system using steel_sidebeards (Fig;_?)

"~ Wwas designéd to divert the fl16w into a pipeline mounted along the seawall .

between the intake structures of Units 2 and 1 and across the front-face',

‘of the Unit 1 intake etructure before terninéting te the.south.(Fig{‘é)t
'A.is-in‘diameter reinforced concrete pipe would be needed.to transter
‘the design £low of 1,320 gal/min and a slope of 0.004 ft/ft would keep

. the pipeline at a maximun elevation along_theteeawall and Unit 1 inteke

strdcture.

Flanged fittings and fabricated structural steel supports located

. approximately every 10 ft would be’ used to support the pipeline (Fig. 9).
.Aﬁter an approximate pipe run of 125 ft, two 459 bends (with cleanoqts)
and a 25 ft section would be necessary tojtake.the pipe from the.se;wall
‘to'the front. face of the Unit 1 ihteke structure. There'the pipe»weﬁid
'j be .supported at each of the five concrete: buttresses running down the

. west face (Fig. 10); trash rack removal or: cleaning would not ‘be impeded .

by this addition. Another 45° bend with cleanout would be used to

‘bypass -the stairway'and'trash pit overflow discharge_near the southwest

.corner of the Unit 1 intake structure.

The pipeline would then enter a trench juet‘inside the present
eecurity-fence. Shortly thereafter.a 45° ﬁye connection would be used

as a junction with the Unit 1 sluiceway (Fig. 11). The combined flow

pipeline, constructed of 18-in reinforced concrete, would travel 350 ft
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-

-at ‘a. 0 008 ‘ft/ft slope to the south.

The line would exit the present riprap shoreline protection at an

) approximate invert elevation of 7.7 ft. The flow would then enter an
. ";opeh-channel chute down the riprap slope that would return material into

‘the water (Fig. 12). The chute would be constructed of 18-in corrugated

metaiibipe:and have a sione of 0.6 ft/ft.

.Unit i

a-removable 18-in pipe section or trough would be used to direct
the traveling screen and serviee water strainer flows across the trash
pit and 1nto .an 18—in pipeline. The pipe}ine would then join the Unit 2
sluiceway.through a wye connection (Fig. 11). .

Operations, maintenance, and estimated cost

Optimum operation of the traveling screen wash systems would be

during ébb tide to facilitate removal of material away from the intakes.’

'Screenwash pnmps should remain on for at least 5 min following conclusion

of screen rotation to insure pipe washout and help prevent blockages.

The trash pits would require cleaning only during trash rack cleaning

. operations or if the sluiceway was bypassed. The removable pipe section

.at Unit 1 and repositioning of sideboards at Unit 2 would allow trash

rack material to drop into the pits for disposal rather than washing

) into Long Island Sound. In additon, the service water strainer flows at

Unit 2'wou1d enter the pipeline rather than draining-to the area between
the seawall and rock outcrop. This would help alleviate a persistent

summer odor problem from this area. The sideboards and removal pipe
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- aunit) to allow for cleaning, repairs, end other work. There is a neth

$ection-wou1d elso allow bypass of the sluiceway and use of- the trash .

- pit as present during periods of maximum detrital loading of the screéns.

Sincethe eitent of recirculation is unknown, this provision would be:.

'necessary_sd'that plant operations are not encumbered.

The total estimated cost for Alternative 1 is estimated to beifi
$580,000. This figure includes installation? escalation, and contingency.

Maintenance of the system was estimated at 0.2 man-year (0.1 m-y per.

~

' :annual savings of 0.5 man-year for maintenance. Since operation during

| 'trash rack cleaning and most likely during major storm events would be

similar to present, no net change in these hours would oceur.

_.Alternative 2 --Discharges to the west

Unit 2

“The flow bypass system.designed for Alternative 1 (Fig. 7) would be

'used to direct the screenwash into a 15-in pipeline. Ihis pipeline

would run'QO.ft to the south at a-slope'of 0.1 ft/ft‘and would be

supported by fabricated structural steel supports approximately ever&.io.

£t (Figs. 13 and 16). Two 45° bends incorporated in the pipeline would

" then direct ‘the flow to the west and concrete piers would support the

pipeline every 10 ft until it could he supported on ‘the rock outcrop

-

'(Fig. 15). A 15-in open—channel chute;would then discharge the material

into the water (Fig. 12).
Unit 1
A removahle pipe'éection‘would carry the flow exiting the;screenhouee
through the trash pit and join with a 15 in pipeline running to the.west
(Figs. 13 and 16) The pipe, mostly buried in a trench would be supported
at its terminus by riprap and discharge at mean sea 1eve1 approximately

50 ft. south of the Unit 1 intake structure (Fig. 15).
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bperations, maintenance, and estimated cost

Benefits similar to Alternative 1 would occur with this optidnf}ff‘

:such‘as'increased fish survival and decreased maintenance costs. ?sinée
_-‘the soreenwash _material would be discharged much closer to the intake

: structures;-similar provisions for a bypass are-necessary. The total

allocated for maintenance and repairs.

.Alternative 3 - Unit 1 discharge to south, Unit 2 to west'

Unit 2 ]

. The Alternative 2 sluiceuay to the wast (Figs. 7 and 12—15)1Vouiél;

~also be used as the system .for "this particular option.

Unit 1.

The existing 15-in dewatering line which drains the ‘trash pit would

be used as a fish return line. A modified basket or chute w0u1d be‘ sed

to guide the material from the 18-in line exiting the screenhouse through

a drop of 6 ft in the trash pit to the 15-in pipeline. The pipeline _:f
runs- approximately 100 ft from the intake structure and.-presently spillsf
on the riprap shore protection (Fig. 6)1 Anqther pipe_section wouid;;4-“

return the material into the water.

Operations, maintenance, and estimated cost

Benefits similar to Alternative 1 would occur, although material
would be discharged mmch closer to the intake structures, eSpecially-at-f-
Unit 2. This makes a bypass necessary to prevent recirculation of

impinged material under unfavorable conditons. The total estimated cost

'for both sluiceways is $342, 000 chever, since the Unit 1 eluiceway
‘'would consist mostly of an extant system, its cost is estimated at

. $l0,000 as compared to $332,0C0 for Unit 2. Because of the large difference, '

this alternative will be evaluated for the concurrent construction of a .



AR

~-sluiceway at both units.(Alt. 5A) and for independent construction‘atﬁ

" . Unit 1.(3B) and Unit 2 (30). - | Tt

Alternative 4 ~ Discharge to Unit 3

The traveling screen wash from Unit 1 would enter a lein pipeline

.and two 90° bends would be incorporated in the line so that flow can be

;directed north across the west face of Unit 1. Two 45 bends would be

used to bring the line to the seawall north of Unit 1 (Fig. 17) _The
line would run the length of the seawall _to the south face of Unit'é;.

The flow from Unit 2 would join this pipeline and the junction would

require 45° -and 90° bends as well as a 45~ lateral connection. An 18-in-
pipeline would then proceed north across the west " face of Unit.2 and two:
..65° bends wonld be used to bring the line towards the seawall north of

Unit g. This seawall mounted line would run north and then bend west to

connect with the proposed Unit 3 sluiceway.

Many_45° and 90° bends are required for this alternative and to
ensure.hydraulic pipelinefstability their radii should be greater than

1.5 times the pipe diameter. Plans'for the proposed Unit 3 sluicehay

-have not been finalized and its operation will not commence until 1986

or 1ater. The engineering and costs to construct a sluiceway linking ]
Units 1 and 2 with 3 are not deemed feasible and no fnrther analysis ‘has

been undertaken for this alternative.

‘Alternative 5 - Discharge to barges

The traveling Séreén washes from ‘both units would be directed,to'
the westfand would discharge into bottom~dunp hopper barges'moored
offshore of the intake struetures (Fig. 18). Periodically the barges

would have to be transported away from the units and emptied

Pipelines similar to Alternatiyes 1 or 2 would have to be constructed

as well‘as the purchase of rental of barges. Company-owned boats or

rented tugs would be'required to transport the barges. During adverse
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noted above. B

weather conditions the proximity of the barges to the intake structurés-

could”be ‘hazardous.. The effects of holding organisms in the barges is

" not known. Cost estimates for this alternative have not been completed

-'because the feasibility of this system is questionable for the reasons

.'Alternative.G - Discharge to ponds

llhe trayeling screen washes from both units, including-all organisms

and detritus, would enter on-site holding ‘ponds (Fig. 19). The ponds. .

would have an overflow capability and would be constructed near the

south face of each intake structure. Periodically naterial would be

'loaded into tank trucks and discharged into Long Island Sound at a

suitable location.

;The construction of ponds and sluiceways'nould require removal of .
significant.aﬁounts of.rock concrete, and earth.“ Considerable.underground
electrical 1ines, conduit, and security systems exist in the proximity |
of the intake structures and much vehicle traffic occurs in this area as
well Ponds would require frequent cleaning and considerable 1abor as:
well as specialized equipment for fish removal and - transport.' The
effects’ of severely warm or cold weather on survival of held organisms
are also not known. Anticipated high costs and engineering impracticalities
haje made'thislalternative not feasible.and no further study has been -

undertaken.
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COST BENEFIT ANALYSIS

METHODS

- fThree sluiCeway design alternatives (Table 12) were selected for

3cost benefit analysis. . The NUSCo financial carrying charge model
.(Table 13) with parameters adjusted as of 6 July 1981 was used to compute

.annual capital costs based on the estimated construction cost of each

alternative. Each alternative was estimated to have a 15 year life and

the carrying ‘charges, costs, and savings were computed over this period.

'Calculations based on manpower and value of impinged organisms saved

were adjusted upwards 7% per year.

_ Maintenance and impingement personnel base salaries ($20, 000) and

-.overhead ($10 800) totaled $30 800 per man—year (m-y) Maintenance

costs were based on 0.2 m~y for Alternatives 1 through 3A but on 0. 1 m-y

for 3B and 3C, since the latter two alternatives considered only a

single unit. Maintenance savings were -based on 0.7 m-y (Alt. 1-34), 0 5

: méy_k3B),'and 0.2 m~y (3C); about 70% of the.present routine'maintenance

expenditures for man power occur at Unit 1,

It was assumed that with a sluiceway in place impingement ‘monitoring

would no 1onger be required, but a 1 year study to. determine the effectiveness

.of the sluiceway in reducing mortality would comence following construction.

~

The total cost of the study at both: units was estimated at $20 600
Impingement monitoring savings would be 0. 7 w-y for Alternatives 1

through 3A based on program deletion. If Alternative 3B is chosen,

' however, savings would be only 0.125 m-y, which represents the time

needed to sample at Unit 1 alone. It was assumed that sampling would
continue at Unit 2 and the associated .laboratory work, data analysis,
and_report'preparation Vould continue as present. ‘The remaining 0.575
m-y was therefore allocated'to Alternative 3C,'assuming that a Unit 2

sluiceway could potentially be constructed at a later date, if feasible.
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Table ..2. Summary of siuicehay-dééign'aitérnatives and estimated costs. used for cost -benefit anéljéis:

Alternative

3A
3B

3C

-

o e

' ‘Desciiption
Separate pipelihés'join near Unit 1 énd diséhafge,350 ft toAsouéh
Sepafﬁte'pipglihes discharge to west of each unit '

Use of existing dewateriﬁg line at Unit .1, Unit. 2 discharge to west

Use of existing dewatering line at Unit 1 only

Unit 2 discharge to wést only

\_/l

.© Cost -

'§580,000

$480,000
$342,000
$.10,000 .

$332,000
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"“Cpnstruction period is 1 year starting in 1982
o Effective proﬁerty tax rate = 0.0Z f
“'Effective Rate for o;her taxes = 7.062

) AFUDC'rate = 0.0% not .compounded -

Construction period debt portion of plant account

Preferred stock portion of plant account = 12.02. .

_-Construction period bond-ingerest-rate = 13,002

Preferred stock interest rates = 12.50%

" .Cost of common equity rate = 19.00%

PreSeﬁt/future worth rate = 15.342

' .Conn state income’ tax rate = 10 OOZ

Federal income tax rate = 46,02

" There are income taxes on equity return
Investment tax credit rate after 1980 = 10.0%

Normalization: charge due to investment tax credit is.deducted from boek value

6 months in. last year of construction

6'm6pths in first year.in~serviee

.ﬁobk life = 15 years

ADR tax life = 16.0 yeers

In service period rate of return = 15.302

'.iable 13. NUSCo financial carrying charges model input parameteré (6 July 1981)

48.0% .

"Book depreciation is calculated by straight line’ method

In service period ‘debt portion of plant account = 48 OZ

Ip-service period bond interest-rate = 13.00%

Sum of the years digits method used for tax debreciation

. Tax depreciation over % year

Net Book salvage rate = 0.0%
Gross tax.salvage rate = 0.0%

Crnce +av ~nme ~L ... -
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'Valuesiof-impinged organisms saved by construction of a sluitesay

were computedn Estimated'weight and number and commercial and'sport

values of important species reported previously in this Treport: vere used

in the calculations. A'90% increase in survival over present operations

was estimated for vinter flounder, tautog, and northern 1obster and a
20% increase in survival was estimated for the Atlantic 1ong-f1nned

squid. Total ‘'savings were divided in half for single unit analysis of

'Alternatives 3B and 3C.

‘The present/future-worth values were used for the determination of

. cost benefit. - These values represent the amount that money at some

future date is worth in present dollars and take into aecount the costs .

that Northeast Utilities must bear in borrowing funds. Present/future

worth oas,calculated as:

total dollars per year
1.15340

‘where n is the year. The total present/future worth'dollars eomputed

for costs and savings associated with each year of sluiceway operation
were summed over the 15 year period. Costs. were compared to savings for
each alternative and the ‘net difference indicated the cost benefit of

construction.
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'RESULTS AND DISCUSSION

‘The cost .benefit analysis showed that construction of sluiceways at
both units (Alts. 1-34) is not feasible at this time because the high
costs associated with financing construction ‘far outwelgh any benefits
gained in maintenance savings, elimination of impingement sampling, and
value of additional organisms saved (Table 14). Deficits at the end of .
the 15-year period ranged from $273 695 for Alternative 1 to $24, 135 for

Alternative 3A Consequently, it is not justifiable for the Northeast

: Utilities ratepayers to assume the costs of construction and maintenahce

of these alternatives.

‘The construction and operation of Alternative 3B, the modification

of the existing Unit 1 trash pit dewatering 1line, is currently feasible

and the net benefits for this option are $138,032 if upon completion

; impingement sampling is not required at this ‘unit. However, the construction

of an accompanying sluiceway at Unit 2 (Alt. 3C) is not warranted, with

. costs exceeding savings by $162,101. Periodic resumption of the present

system of operations would also be necessary at the discretion of the

plant superintendent at Unit 1 during some’ trash rack cleaning operations

and whenever deemed necessary to prevent accumulation and recirculatiqn.

-

of.material from interfering with plant operations. " Present screenwash

operations and impingement sampling at Unit 2 would continue. Unit_3,

presently under construction and with an estimated completion date of.

© 1986, will have a slniceway return system in operation. Therefore;'it

is strongly recommended that further consideration of a Unit 2 sInicenay.
be delayed until the actual costs, operation, and effectiveness of the
Units 1 and 3 sluiceways have been evaluated. Improvements over Northeast
Utilities' present financial conditions. will also undoubtedlv be necessary

to make a Unit 2 sluiceway cost effective.
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Table 14, Summary of cost benefit analysis over a 15 yeér service 1ife period for variouslsluicewaj dﬁhign alieinatiyes.

TOTAL COSTS
Fln&ncial
. Carrying ] Sluiceway

Alternative Charges Maintenance Monitoring Total

1 1,586,841 154,760 20,400 1,762,001

2 1,313,267 154,760 20,400 1,488,407

3A 935,688 154,760 20,400 1,110,848
18 27,360 77,397 10,200 114,957

3 908,331 10,200 995,928

77,397

TOTAL, SAVINGS

382,328

. 154,760 "

445,034

.o

Present/ Survival of Percent/
future Inpingement impinged future
worth Maintenance Monitoring organisms Total worth
-675.7&6' 541,784 541,784 163.590' 1,247,158 402,051
570,888 541,784 541.736 163,590 1,247,158 | 402,051
426,186 | 541,784 541,784 163,590 1,267,158 402,051
44,280 | 386,986 96,748 81;795 565,529 182,312
81,795 681,589

220,221

NET

-~ 273,695
-168,837
- 24,135

. 138,032 .
-162,101.




REFERENCES CITED

Coffey, B T., ed. 1978. The American fieheries directory -and reference“
" book. The National Fisherman, Camden, Me. 559 pp.

Cooper, R,A, _1966. Some vital statistics of ﬁhe tautog, Tautoga onitis,' )

. {Linnaeus), from Rhode Island. Ph.D. Thesis, University of
Rhode Island. 153 pp. :

. 1967. Age and growth of the tautog, .Tautoga onitis (Lianaeus),
from Rhode Island. Trans: Amer. Fish. Soc. 96(2): 134—142. .

.".;.Dow, R'L. 1964. Supply, sustained yield, and management of the’ Maine o

lobster resource. Comm. Fish. Rev. 26(11a):19-26. -(Sep. No. 716)

EAL (Ecological Analysts, Inc.). 1977. Bowline Point Generating Station
' entrainment and impingement studies.. 1976- annual report. Prepared
for: Orange ‘and Rockland Utilities, Inc. ~

.- 1979. Bowiine Point impingement survival studies 1975-1978 )
Overview report. Prepared for Orange and Rockland Utilities, Inc._'

Gosner, K.L. 1971. Guide to identification of marine and estuarine . -
invertebrates — Cape Hatteras to the Bay of Fundy. John Wiley and.. -
.Sons, Inc., New York. 693 pp. D

.Hess, K W., M.P. Sissenwine, and S. B. Saila.' 1975, Simulating the impact

of entrainment of winter flounder larvae. Pages 1-30 in S. B. Saila,

ed. Fisheries and energy production a symposium. -D.C. Heath and

Company, Lexington, Mass. . '
Lund, W.A., Jr., L. L. Stewart, and C.J. Rathbun.- 1973. Investigation on -

the lobster. National Marine Fisheries Service, Completion Report- for

Conn. _Project. 3-130 R under Commer. Fish. Res. and Devel. Act.: 189 PP.

'MAFMC (Mid-Atlantic Fishery Management Council) 1979. 1i‘ishery managesent

plan for the squid fishery of the Northwest Atlantic Ocean. .US:Feg.'Reg.
44(124) 37257-37314. R .

MRI (Marine Research, Incorporated)., 1981. Final report- assessment of finfish
survival at the Pilgrim Nuclear Power Station screen wash sluiceway. In
Marine ecology studies related to operation of Pilgrim Station. Semi—
annual report no. 17. January 1980-December 1980. Boston Edison Company.

NEP (New England Power) 1978. Appendix G. The environmental impact of

construction and operation of the cooling water system for NEP 1 &
2 on selected representative important species. Rev. 4. LT

NUSCo (Northeast Utilities Service Company). '1977. Annual teport.

Ecological and hydrographic studies. 1976. Millstone Nuclear ?oyer
Station. '

(Y8



.. "i978.- Annual report. Ecological and hydrographic studies. 19?7.

Millstone Nuclear Power Station,

. 1980. Annual Réport 1979.- Monitoring the marine environment ef'Long
Island Sound at Millstone Nuclear Power Station Waterford, Conneetieut.

. 1981. Annual Report 1980. Monitoring the marine environment of Long
Island Soqnd at*Millstone Nuclear Power Station Waterford, Connecticut.

Robbins,-C.R.,fR.E.-Bailey, C.E. Bond, J.R: Brooker, E,A. Lachner, R.N. Lea,
. and W.B.'Seoty. -1980. A list of common and scientific names of fishes
from the United States and Canada. Fourth Ed. Amer. Fish. Soc. Sp. Pub.

No. 12. 174 pP.

. Saila, S B., D.B. Horton, and R.J., Berry. 1965. Estimates of the theoretical

biomass of juvenile winter founder Pseudopleuronectes americanus (Walbaum)
required for a fishery in Rhode Island. J. Fish. Res. Board Can. 22 (4):
965-954 )

Sokal R. R., and F. J. Rohlf 1969. Biometry. The principles énd'practice of
: ‘statistics in biological research. W.H. Freeman and Co.,.San Francisco.
- 776 pp.

Summers, W.C. 1971. Age and growth of Loligo pealei, a population study of
the common Atlantic coast squid. Biol. Bull. 141:189-201.

Tatham, R.R., D.J. Danila,.D.L. Thomas, and Associates. 1977. Ecological
studies for the Oyster Creek Gemerating Station. Progress report for the
period September 1975 - August .1976. Vol. One. Fin- and shellfish.
Ichthyological. Associates, Inc., Ithaca, N. Y. 338 pp.

. 1978. Ecological studies for the Oyster Creek Generating Station.

Progress report for the period September 1976 - August 1977. Vol. One.
Fin- -and shellfish. -Ichthyological- Associates, Inc., Ithaca, N.Y. .661 pp.

Tibbetts, A.M." '1975. Squid fisheries (Loligo pealei and Ilex illecebrosus) off
the Northeastern coast of the United States of America, 1963-74. -Int. Comm.
for the NW. Atl. Fish..85-109. - (Not seen, cited by NEP 1978).

u.s.’ Department'of-Commerce. 1980, Marine recreational fishery statistics

‘Survey, Atlantic and Gulf coasts, 1979. . National Oceanic and Atmospheric
Administration, National Marine Fisheries Service, Washington, D.C. Current
Fisheries Statistics No. 8063. 139 pp.-

67



.M’WEH!JE-I lﬂulg rrIL‘- . . A Genesal Offices ® Selden Stfoet{ Berlin, Connecticut

T CONNESIENT HIGHT ART POW(S LOMO PN ’ ' . P.0. BOX 270
Tl AL TINEZ 1 CTES SGmd SO Rane HARTFORD, CONNECTICUT 05101

T S (o) es5-6011
g TINTNEERNT :
bee: w/enclosure
J. P. Cagnetts - N103
R. W. Bishop - Ccrporate Files
' - B. R. Johnson (w/6 copies)

July 31, 1981 w. C. -

R. N. € - N13 -
- Laudenat

: E. J. Mroczka

‘Mr. Stanley J. Pac .. Unit Supermtendent - MP-1
Commissioner e Unit Superintendent - MP-2
H Department of Environmental Protection R. Zbrozek - GFL File
[ State Office Building
: Hartford, CT 06115

rReference: NPDES Permit No. CT0003263 (D"P Order Ne. 2859}, aatea
July 2, 1980.

Dear Mr. Comm1551oner:

‘Millston2 Nuclear Power Station 4
Cooling Water Intake Screen Wash System

In Reference (1) Paragraph 14, it was ordered by “the Commlssxoner that
the Northeast Nuclear Energy Company (NNECO), Millstone Nuclear Power
) Station, tzke such action as necessary to suhmlt on or before July 31,
- 1981 for the review and apn*oval of the Commissioner of Environmental
Protection, an engineering report studying the feasibility of modifving
uhe cooling water intake screen wash system to improve the return of
fish back to Long Island Sound.

NNECO hereby submits such a report prepared by Northeast Utilities
Service Company entitled, "Feasibility of Modifying the Millstone
Units 1 and 2 Cooling Water Intake Screen Wash System to Improve the
Return of Fish to Long Island Sound.” The report considers various
alternatives which would improve survival of organisms subsequent to
their impingement on the traveling screens of Millstone Units 1 and 2
and combines both engineering and biological design critéria. Recom-

. mendations are made on the basis of a cost-benefit analysis wnich
compares the economic valve of fish and invertebrates saved to the
costs of construction and maintenance for each alternative.




-Briefly, results show that the costs of those alternatlves which
require.major new construction far exceed the anticipated savings and
that the expenditures are, therefore, unwarranted. Such is the case
of alternatlves considered for Millstone Unit 2. However, the presence
of an existing dewatering line at Unit 1 provides for an alternative
at this unit which is cost effective and.currently feasible (See al--

") ternat;ve 3B).

-H _On the basis of report findings, NNECO is prepared to implement the

' ‘latter alternative (3B)- for Millstone Unit 1. Part of the savings

from this option accrue from the proposed discontinuance of impingement
monitoring during operation of the fish return system. Once the return
system is put into service, therefore, we would recommend that the
current requirement to monitor impingement at Unit 1 be deleted.

We recommend further that consideration of a Unit 2 backfit be postponed.
As you know, Millstone Unit 3, presently under construction and with an
estimated completion date of 1986, will have a sluiceway return system.
It is suggested that consaderat;on of a -‘Unit 2 sluiceway be delayed
until costs, operation and effectiveness of the Units 1 and 3 sluice-
ways have been evaluated. Improvement over present financial con-
ditions of Northeast Utilities will also be necessary to fake a
s1u1ceway cost ‘effective.

It is important to note that during perlods of high debris loadings,
storms, or othér times the fish bypass system might- adversely affect
operation of the plant cooling water systems. For this reason, it is
strongly recommended that the Plant superantendents be given the

'_operational flexibility of temporarily reéturning to the present mode’
of operation when such high debris conditions occur.

ra—rr

If after reviewing the report and its recommendations, you have

) further questions or wish to discuss the options, please contact

’ Dr. William C. Renfro, birector of Env;ronmental Programs, at (203)
666-6911, Extension 3240.

Very truly yours,
NORTHEARST NUCLEAR ENERGY COMPANY

G. Counsil
Senior Vice President .

Enclosure - w/2 copies

cc: W. L. Winterbottom - w/enclosure- C. Fredette - w/enclosure -
Dept. of Environmental Quality . Dept. of Environmental Quality
Water Compliance Unit Water Compliance Unit
122 wWashington Street 122 washington Street

Hartford, CT 06115 Hartford, CT 06115
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for
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May 31, 1986



The Effectiveness of the Millstone Unit ! Sluicewdy in Returning

Impinged Organisms to Long Island Sound

INTRODUCTION

Under NPDES Permit No. CT0003263 (DE® Order No. 2859) issued
July 2, 1980-b§ the Commissioner of the Connecticut Department 6f'
Environmental Protection (DEP) to Northeast Nuclear Energy Company
(NNECo), an engineering report vas required which addressed the
feasibility of modifying the gpoling-vaCer intaké systems of
Millstone Nuclear Power Station (MNPS) Units 1 and 2 to improve the
rTeturn of fish and ;hellfish back to Long Island Souﬁd (LIS). A
réport (NUSCo 1981) was submitted to the DEP on July 31, 1981 which
~demonstrated that backfitring a fish return sluiceway at MNPS Unit 1
‘was cost-effective. With the concurrence of the DEP, the Unit 1
ASluicgvay was fabricated, installed, and put into operation in
‘mid-December of 1983. A study to examine the mortality of fishes
and invertebrates impinged at Unit 1 and returned to the source
water body via the gluiceway was initiated in January 1984 and
continued through July 1985. This report presents the fesults of
that study and discusses the effeéctiveness of the Unit 1 slﬁiceway

in returning aquatic ofgaﬁisms back to LIS.

MATERIALS AND METHODS

The MNPS Unit 1 screenwash system was wodified in several ways
‘to return aquatic organisms (see NUSCo 1981). A trash basket placed
in a pit adjacent to the intake structure formerly intércepted all
material washed ffom the four traveling screens preceding the
" circulating and servi;e vater pumps. This was replaced by a
stainless steel trough that carried material from the screenhouse
-into a buried 38.1-cm (15-in) concrete pipe. If necessary, this
portion of the sluiceway may be removed and the original trash
basiet put back into blace. The pipe dewatering the pit had emptied

onto the rock rip-rap along the west shoreline of MNPS. A 45.7-cm
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"(18~in) gzlvanized pipe was joine< -onto this iine. After continuing

about 4 m, the sluiceway pipe bends to the right approximateiy 45°

.and continues for about 8 m where it is anchored to a rock outcrop
jJust offshore of the rip-rap. The upper half of approximately the

. last 6 m of the sluiceway was rexcved and thus resembles a trough

entering the water; much of this portién is underwater at high tide.
The upper half of a 2-m section oI the sluiceway pipe about midway

up the rip-rap and near where it exits the ground was also removed

" to provide access for sampling.

Twenty-three samples were taken in -the slﬁiceway when Unit 1
was in operation from January 1984 through July 1985 to examine the

survival of impinged fish and macroinvertebrates. The normal

- complement of at least four circulating and two or three service

water pumps were online during each collection. Because most

:iﬁpingémeut usually occurs at night and for ease of sampling, it was.

most practical to sample in early morning and during low tide.
Therefore, collections were made approximately every other week in
1984 when an ebbing tide occurred during the morning. Samples were
taken once a month in 1985 under the same conditions.

Before a sample was collected, the traveling screens were first

washed during the middle of the night to clean them of previously

-accumulated debris and organisms zzd then were not allowed to rotate

or wash for approximately 6 h. Foilowing this period, the sampler,
a 45.7-cm diameter by 6l-cm 16ﬁg stainless steel mesh cylinder with
approximately 2 m of 4.88-mm nettizg attached, was placed into the
sluiceway at the sampling access area and held in place by ropes.
The screens were then rotated 5nd cleaned and as material collected
during the 20-min wash cycle, the net was periodically emptied. A1l
organisus were picked from the debris by hand and placed into an ’
insulated cooler on'ﬂucket containing seawater. The spécimens were
returned to the laboratory aﬁd held in tanks with running seawater;
crabs and predatory fish were kept separate from other species.
Dead organisms were removed, identified, and measu:ed following the
initial collection and after pericds of 6 and 24 h. At 72.h

following collection, the remaining live and dead organisms were



removed. At ihis tiﬁe, individuals that vere stressed {i.e.,
. : ‘showing obvious injury'br abnormal behavior) were fécqrded as déad

' because they probably would have beex preyed upon by larger fish or
ﬁbirds. Total length of fish, carapace width of crabs, éarapace -
length of lobsters, and mantle length of squid were recorded to the
nearest mm.
_ . Survival of each species was calculated based on the proportion
* of specimens alive at the initial, 6-, 24~, and 72-h observations.
For some survival estimates species were placed into three groups,
termed "pelagic” (total of 18‘fish species), "demersal” (27 fishes),
~and "crustaceans" (8 decapods). These groupings generally reflected
" habits and body type. Free-swimming fishes such as herrings,
Atlantic siiverside, and bgtterfish were considered pelagic whereas
bottom~dwelling forms such as sculpins and flounders as well as
those with armored or hard integuments such as sticklebacks and
northern pipefish were classified as demersal. The crustacean group
was comprised of various crabs and the northern lobster. The
Atlantic long-finned squid was not placed into any group for reasons
to be discussed below.

Water temperatures at the intake and in laboratory holding
‘tanks were recorded. Temperatures during sempling ranged from 3.0
to 20.0 C and the sampleé were assigned to three approximately
equal-sized seasonal groups for some of the survival calculaéions.'
These were cold-water (2.0-5.é C; 8 collections), cool-water
(7.0-15.0 C; 7), and warm-water (16:7-20.0 C; 8).

Winter flounder were used in a .number of experiments designed
to examine’ their potential for re-impingement after return to LIS
via the sluiceway. Adults larger than 20 cm were tagged using
Petersen discs (see NUSCo 1985b for methods)-and Teleased near the
intake structures of Units 1 and 2 on seven occasions during 1981 to
1983. Several expef&men:s conducted in 1979 and reported in NUSCo
(1981) are also summarized in this report. These winter flounder
vere maried by freeze branding (NUSCo 1985b) and released near a

bottom boom formerly in place near the Unit 1 intake.



Data ‘from regular impingement collections made at Unit 1 (see

- NUSCo 1984.for methods) from Octgber 1976 tnrough December 1983 were
| used to obtain estimates of total impingement during that period.

: These éstimates were used to determine the effect.of the Unit 1
sluiceway on the biota found in the vicinity of MNPS. Data recorded
on the molting status of lobsters impinged at MNPS from 1982 through
1985 were also used to help assess‘lobster survival in the |

sluiceway.

RESULTS

The Unit 1 sluiceway went into operation on December 17, 1983
. and stayed in service until Unit 1 was shutdown from April 13
through July 3, 1984. Although no records of its operation are
available for the remainder of 1984, the dates of the sluiceway
. sampling were such that it could not have been out of service for an
extended period, if at all. The screenhouse and trash racks were
cleaned once during the fall and the sluiceway was not operated for
about 5 to 7 d during this procedure. NU agreed to maintain records
of sluiceway operations beginning in 1985; the number of days the
sluiceway was removed is given in Appendix 1. '

Forty-five species of fish and nine macroinvertebrates were
found in the sluiceway samples (Tables 1 and 2). Cold-water collections
tended to.have more species and specimens than the other two groups.
However, an_exception was the warm-water sample of July 8, 1985,
when 349 specimens and 20 species were taken. Numerically, the
1,356 specimens cpllected during -the study were dominated by eight
species vhich comprised 83% of the total: the Atlantic long-finned
squid (416), threespine stickleback (217), blackspotted stickleback
(184), butterfish (i04), grubby (74), northern pipefish (49), winter
flounder (44), and green crab (39). Relatively few specimens of
other species were taken. However, when species were collectively’
grouped, distinctly different rates of mortality were found due to
impingement and passage through the sluiceway. A discussion of the
survival of each species group, the eight most abundant species, and

the locally important northern lobster follows.

PRV
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abie 1. Su=mary of colleczions taken in tte WPS Unit 1 sluiceway from January 1984

.

»

Colleczion -
nunber Date
1 2% Jan 84
2 7 Feb 84
3 21 Feb 84
& & Mar 84
5 12 Mar 84
6 2 Apr 84
7 7 dug 84
8 20 Aug 84
9 10 Sep 84
10 24 Sep 84
11 9 Ocz 84
12 22 QOcz B84
13 6 Yov 84
14 1¢ Nov 84
15 3 Dec 84
16 18 Dec 84
17 31 Dec 84
18 £ Jan 85
19 10 ipr 8
20 7 Y2y 85
21 10 Jun 85
22 8 Jul 85
23 29 Jul 85

Water Tesperature
temperature  (°C} g£roun
3.0 Cold
3.0 Cold
4.0 Coid
4.0 Cold
4,0 Lold
4.0 Cold
20.9 Warz
.20.0 9ara -
20.0° Wara
20.0 Wars
17.0 Wara
16.7 Wara
15.0 Cool
13.1 Csot
2.0 Cool
8.2 Cool
8.5 -Cool
2.0 Coid
5.5 Cald
7.0 Csol
13.4 Cool
19.8 Wara
19.% *arm

Number of
species
6
12
8
11
11

-
th 00 ~ v o0 W o

- —
S o & (n

P e pw
[ I TR SRR TR

»
(V- =

Hunber of

Svecimens

30
1]
39
53-
150
163

The demersal fish and crustacean groups had the greatest

survival in the sluiceway with overall rates of 77 and 71Z%,

respectively (Table 3). Survival of demersal fish was best when

water temperatures were cold (83%) and decreased during cool-~ (53%)

and warm-water (36%X) periods. However, more than 80 of these fish

were taken during the colder months. Survival of crustaceans was

also greatest during the colder months (92Z), and was similar during

cool (71X) and warm (65Z) months. Few-pelagic fish survived

impingement and sluiceway passage; most individuals collected alive

died during the 3-d holding periad. Most of these species were

taken during months with warm water temperatures.

More than half of

these were butterfish and most others were small forage fish or



Table 2, Perveent Infeia) and excended survival and vpecles gronpe of Cishes and macroinvercabratus caken In the HNPS Unfc 1 llhlchIy from Janunasry
. 1984 chroush July 1988,

Coamon Speciep Humber Infcial Survival Sutvivel Survival
Speglas : namg? group sxamined survival st éh e 24 b ae-12 0
Aloss asstivalis Lltaliock herving | [ 0 0 0 0
Aloss psesudopharengus wlevifa P 8 0 0 a [}]
Auaodytas spp. sand lanca | 4 2 0 o 0 0
Anchoa sitehilld bsy sachovy P 28 0 0 0 0
Anguflls rostyiata American el [} 1 100 100 100" 100
Astroscopus guttatus northécn wtargazer b 1 100 100 100 100
Brevoortia tyrannus Atlantic wenhaden P ) 100 13 23 0
Callineccaa sapidus blue erod (4 1 86 1.1 86 86
Cancar {rroratus rock crab [ 12 92 92 92 92
Cavsnx hippos cerevalle fack P 1 0 0 0 0.
Carcinus masnus grean crab ¢ 1] 82 n 67 82
Centropristis strists black sun bass 0 1 100 0, 0 0
Clupea harengus. Atlantie herring P } 0 1) 0 0
Cyclopterus Jumpus lumpfish b 9 89 67 56 56
Dorosoms cepedianua gizzard shed P 1 0 0 0 0
Enchelyopus cimbriue fourbeard rucklfng n 1 0 0 0 0
Etvopus microstomus malloonth flounder n 2 sn 50 50 50 -
Fundnlus heteroclitus ausmicliog n h] 100 100 67 67
Cavterosteus sculestus throsupine atfckieback n 212 95 91 92 91
Gsstevosteus vhestlend! blackspotted scicklubock n 184 91 90 a9 86
Hlomarus smericunus nottharn lobuter c 2 38 ia a8 h}.]
Lictophrye spp. ceunkffah n 1 100 100 100 160
tibinic spp. spider crad c 7 11 n 1 n
Lipsris spp. . snafltiah n, 1 100 1060 100 10nn
loligo pealed Atlantfe long=finned wqutd -‘| 416 n 0 n 0
Lophive anurlconus goovef Juh » 9 n n 0 ]
Hunldis munjidla Attuntic ullvaerulida 10 13 54 15 .8 n
Harjuceins Lilineurds uvilvee hakae t 6 n n 0 0
Hicrogaduu toncod Attontic someod ] 26 3s 3 27 27
Horone amarfcsna vhite purch v 1 ] 4} ] n
tHugll cephalun stefped wniloc | 4 1 .0 0 [\) 0
Hyoxacephalus senseus grubby b © 74 87 78 76 74
Neopanops texsna wid crad c b ] 100 160 o0 100
Ophitdion marginstua steiped cuskegel 4] 2 100 50 S0 50
Opsanuw tau ’ oyster tosdfish n 2 100 100 100 100
Oswerus mordax ‘tajnbov smele P 3 n [s) a 4]
-Ovalipes ocellatus 1ady crab- (] 21 95 9 86 L]}
Pagurus pollfcaris hermit crabd ' (4 1 100 100 100 100
Peprilus tviacanthus Lutcartish P 104 t [\] 0 a
Pholis gunnallus . roek gunnel n ! 100 100 100 100
Pollachfus virens pollock b | 0 0 [} 0
Poatosus ssltatrix bivefish P 3l k)] n 0 0
Prionotus carolinus notthern searobfn 0 1 0 0 0 0
Prionotus evolans striped searobin 4] ] 100 100 100 100
Pseudapleuronectes americanus uvinter flounder D &4 93 9 89 L1
Pungitius pungitius ° ninaspine stickleback n 1 o0 100 100 100
Rsfa #pp. skate 1] 1R} 100 1006 100 82
Scophtlisluus aquosus vindoupsns b 3l 100 100 100 1600
Selene vomer : lookdeun P 4 0 0 0 0
Sphyrasna borealis norchern sennet P 1 0 0 0 0
Sphosroides maculactus northern puffer 4] 3 100 100 100 87 -
Syngnathus fuscus notthern pipefish D 49 5S 48 33 16
Tautogolabrus adspersus cunnar 0 H 20 20 20 20
firophiveis tenufs vhite hake 1] . 1 [ 1) 0 n-
a Fishes from Robins et al, (1980) and invertchrates from Gosnar (1971 -

¢ Trested soparstely during analyses

b C Indicates crustacesns, D demersal fishes, and P palogic flshes d Pelagle prejuvenile stsge of developnent
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Tadie 3. Pezzezc Inital and extended susTival by-species and water temperature
sToups for £ishes and Invertebratas taken in the MNPS Unic 1 sluicevay

frsz Januars 1984 throuen Juivz 1S8S.

Species Tezperzture Number Imicdzl Survival Survival  Servival
freun gTOoun exzmined scrrival ac.6 h ac 24 h at 72 b
dezersal eold s36 % 88 8s 83
cool 88 711 : 64 ] 58 53
wara 22 41 36 36 36
toral 646 86 - 83 80 77
erustaceszs cold 13 4z 92 92 92
. cool 42 8t ‘76 74 71
vara . &3 at 70 70 65
tocal i 96 83 a0 © 75 7l
pelagiz cold - 19 -32 11 s 0
cool 27 az 11 4 0
vars 150 3 1 0 0
tocal 196 7 k] 1 0

small juveniles of larger predatory species. The slender bodies of
some pelagic species allowed many individuals to become wedged in
the 9.5-am mesh of the traveling screens, which increased
impingement mortality.

No Atlantic long-finned sguid survived impingement (Table 4).
This species is fragile and difficult to keep alive following
collection. Furthermore, it has a relatively short (12-18 mo) life
span znd dies after spawning (Arno%d znd Williams-Arnold 1977).
Most of ihe‘squid taken during this study were immature and
relatively few post-spawning adults were collected. However, based
on squid egg masses picked up during trawl studies in Niantic Bay,
considerable spawning occurs locally. Post-spawning, moribund
adults have been observed in regular impingement collectiouns at
MNPS. Thus, some mortality attributed to impingement is actually
due to matural events. Because of their abundance in impingement
collections at MNPS, fragility, and particular life history, this

species was not grouped with any others.



Tabie 3. Percesc fziz:al icc exteaded surTival by Jaces :::c'zmn for ke zost aounun: Species tikea ‘in
she MWPS Texz { sluiceway frza Jaceare 1984 tSremsh Juiv 1085, = :

. Species Tesperature Sunber oirial Survival Survival Surrival

oy grcun exanined sucrrral atc § 4 ac 26 h ac 72 4
Adtlantic loog~fianed squid cool 3t a 4} 0 o
vars 365 ] [} 0 o

:.‘:':z-tspine sticikleback coid 207 ’ 95 93 93 92 .

cool 10 20 20 80 70
Blackspocsad stickledack cold t7a 20 %0 89 87
cool 6 160. 83 83 83
bucteriisa cool 1 Q 0 (1}
" vars 103 1 0 0
| gizboy eoid < ) &% ) ‘g9
ccol 17 82 [3] [3] 65
wars 1 [ 0 0 0
norsktera pipefisa colé s 57 113 3% 17
) cool 134 31 46 7 9
var= 3 13 3 33 hx}
“wiater Llounder cold 20 160 97 97 a3
' ccol 9 8¢ 89 i8 78
¢ wars 6 &7 67 67 67
gteen cTab eslé 2 100 100 100 100
' esel 17 a2 22 77 n
vara 20 78 10 55 .50
northera lobster esié 2 50 0 50 0
cool 3 2 2 20 20
car= 1 100 100 100 100

The threespine and blackspotted sticklebacks both had similar
high (greater than 85%) survival iﬁ the MNPS Unit 1 sluiceway.
These species are small (mean lengths of 52 and 45 mm, respectively)
and most were taken when water temperatures were cold. A number of .
sticklebacks collected durlng the first few samples were noted to
_have‘symptoms of gaé-bubble disease in the laboratory holding tanks.
This may have contributed to some.of the mortality observed and was - |
not noted in subsequent collections. .
Almost all butteriish were taken during the summer (about half
in one collection) and noneé survived 6 h following collection. Most
07%) of them wers small young under 63 wm in length. According to

Mansueti (1263), most small butteriish are either commensal or



parasitic on jellyfish. Many butterfish were probably impinged as
they remained with host jéllyfish vhich.passively drifted into the
Unit 1 intake. Mortality was due to the fragile nature of these
small fish impinged simultaneocusly with large masses of jellyfish.
Although closely associated with jellyfish, small butterfish are
apparently like other fish in not being immune to nematocysts and
can .be inju;ed or killed if they become entangled in the tentacles.
(Mansueti 1963).

The .grubby, a small sculpin (mean length of 77 mm), was taken
during cold and CQ?l periods. Like most of the demersal fishes,
~survival was relatively gooé, with two-thirds to three-quarters of
“them surviving impingement after 3 d.

Despite having an integﬁment armed with bony rings, the
northern pipefish suffered relatively high mortality (about 84%
overall). Unlike most species, mortzlity increased steadily over
time during the 3-d holding period. It is a year-round resident and
was taken during all three water temperature periods, although
predominantly during colder weather.

The winter flounder is one of the most abundant and important
finfishes found in the vicinity of MNPS (NUSCo 1985b). Although a
year-round resident, adults are primarily impinged during winter and
spring and mostly juvenile§~afe taken during summer. The winter
flounder demonstrated good survival, with an overall rate of 867%.
Only 7% mortality occurred during periods of cold water
temperatures, when most are impinged. Little mortality occurred
after 6 h.

From 1981 to 1983, 299 tagged winter flounder were released
near a large rock outcrop between the intake structures of Units 1
‘and 2 (Table 5). Of these, 198 were fish that had been captured by
trawl and 101 were fish that had been collected alive in impingement
samples. Fifteen fish were impinged (80% within 3 d of release),
vhereas 17 weré recaptured by the sport and commercial fisheries (4
to 735 d after release). .On only one occasion were more than two
tagged fish impingéd. This occurreé after the June 3, 1981 release,
vhen seven of the nine recaptures were made within 2 d. These were

the only fish that had been releasec¢ during the night.

\0



Tavle §. Sucmary of winter flounder tasged and zaleased aear MES Tnits 1 and 2 '.n:aius.

Number Tecaptured .

‘Date of Source of Nunber . Spore Comercial NusCa z 3
release fish released Izoinged fishers _fisherr eravling imoineed XYecaotured

2 June 1381 Travliag 109 1 ¥ 1 7 0.9 14,7

3 June 1981 Travling 39 9 L 1 Q 10.¢ 12,4
29 Macch 1982 Izpingemenc 15 0 b ] 1 1 [}] 33.3

S Apefl 1982 Inpingemenc j ¢ t Q o Q 5.6 S5.6

12 April 1982 lspingement s 1 0 0 0 12.5 1223
.6 April 1982 ‘Inpingenenc 20 1 2 1 ] 5.0 20.0

7 March 1933 lspingesent 40 2 [} [} 2 5.0 10.0
Total 199 15 t3 4 10 5.0 1.0

.
2 an relessed alive; J subsequently recapcured a second tize and included in above tocals
L

Twenty of 131 (15Z) winter fiounder released near the Unic 1
bottom boom during 1979 were subsaquencly impinged (NUSCo 1981).
However, 16 of these (30% of those reiezsed that day) were taken
foilowing a stora with high winds on Aprii 2, 1979. The estimzted
_total impingement at MNPS that week was 1,152, the ninth highest -
weekly estimate since October 1972. BEigh impingement of winter
flounder has been associated with the pzssage of storms with strong
winds blowing towards the intakes during periods of low water
temperatures (NUSC& 1983).

The green crab was primarily taken during cool and warm
periods. It was the most numerous of the crustaceans taken during
Ehe study and also had the highest mortality (40%) of this group;
other crabs suffered mortality of 20X or less. Most mortality
occurred during summer. Some of the grzen crab mortality may be due
to individuals molting and some maf.be siie-related; the mean length
of live green crabs (30 mm) exceeded thazt of dead ones (21 mm).

Although only eight northern lcbster were taken during the
study, they are undoubtedly the most cormercially important
invertebrate found 4in local waters (NUSCo 1985a). Survival
following sluiceway passage was apparently poor (38Z). However, at
least four of the five dead speciﬁens vere in the process of molting
vhen coliected, resulting in an overestinmzte of mortality.
Additional data from reguiar MIiFS impizngement studies were examined
to help assess lobster survival. From 1982 through 1985, oniy 21
(1Z) of 1,643 northera lobster examined had racently molted and were

scft-shelled; another 41 (3%) were clzssijed as near-molting. Of

10



the iémaining 1,601 hard-éﬁe}led iabsters observed, 76% were aiivg
vhen collected. This is actually a highly conservative estimaté.

. Lobsters in regular impingement collections may have been held for
up to 24 h in the trash baskets, often mixed with considerable
amounts of macroalgae, detritus, and jellyfish and, depending upon

. the season,.exposed to long periods of desiccation and extreme
temperatures. Thus, survival of non-molting lobsters is probably
much greater than indicated by this study and probably equals or
exceeds that of other crustaceans impinged (overall survival of
712). i

‘Historical impingement hata from Unit 1 were examined in order
to assess the mitigating ‘effects of the sluiceway. From October

1976 through December 1983, an estimated 236,629 fish, 71,726

crustaceans, and 64,360 squid were impinged (Table 6). Most (56%)

of the fish were in the demersal species group and 44% were in the

pelagic group (Table 7). Demersal fish dominated during cold and
cool periods, whereas pelagic fish were most abundant during the
 varm months.. About two-thirds of the squid were taken during the
summer. Most crustaceans were impinged during the warm (537 of

total) and cool (352) periods.
DISCUSSION

Under terms for its installation, the Unit 1 sluiceway can be
taken out of service when high debris loading or similar conditions
occur that would a&versely affect plant cooling water system
operations. Such conditions occurred frequently during the fall of
-1985. Loading of the traveling screens that might be caused by
recirculation of algae and detritus will be evaluated by NNECo
during 1986 and poté;tial remedies will be examined.

The results of the sl&icevay survival study were conservative
in that no control specimens were used to ascertain mortality due to
collection, handling, and holding in the laboratory. Furthermore,
-all injured specimens were considered dead, although some of them

‘might have recoveredé in the wild. Thus, actual mortality for most

11



Table 5. Estizated so0cal mmber of Sish and Lzverzadraces izpin

MNPE Jaiz ! from Oczober {976 throosn lecezser 1981,

ged 2T

Species Sucber ~ of
Scecles wroun® {ro1=ged total
.Fishes
anchovies” P 84,3200 18.7
vinter flounder ] 40,202 17.3
silversides® ? 29,578 2.6
. grubdy D 22,282 9.5
- sticklebacks® B 2,352 9.7
silver hake P 10,722 4.5
cunner D 9,218 3.2
Atlancic tomcod D 8,255 3.3
batterfisa P L) 2.8
- norcthera pipefish D £,200 2.3
others : b 23,25 9.3
others i ? 13,2235 5.5
. L4
Inverzebraces
squtd? - 66,260 7.3
. lady e=zb [ £4,308 32.3
rock erad [ 8,215 6.5
green crab [ 6,349 &.5
blue ¢rab c 4,397 3.5
norchern lobster c 3,123 2.3
ochers - 2,350 2.5
. " Includes :ws‘tly Yay and some stTiped anchovy
b Includes mostly Atlancic and some inland silverside
: Includes threespise and Slackspotted stickleack

Table 7. Estimated total number of fish and icvertebrates impinged ac
MNPS Unit 1 by species group and tize period from Oczober 1276

through December 1983,

P ledicates pelagic, D demersal,.and C cruscicesa

Includes mostly Atlantic long~-flaned and yome shorz-fizned squid

Soecfes zroup Cold® %

Demersal £ish ' 75,997 57
Pelgic fish 42,315 41
Squid and other mollusks 2,169 3
Crustaceans 8,282 12

Caol
36,353
15,642
20,699
25,507

28
15
32
35

Wara

12,939
45,885
41,514
38,039

Cold perfod is Decewber through March

Cool period is April, Mzy, Oczober, and Navecber

Warm pexriod is June through September



et

' -species at Unit 1 is probably less tham reported. Survival of most

fish classified as demersal and most non;molting crustaceans
exceeded 70%. These groups include the commercially and

recreationally important winter flounder and northern lobster as

'well as others such as tautog and blue crab. The demersal fish are .

primarily impinged during periods‘of cold and cool water
temperatures, which also enhances their survival.

felagic fishes, which includes mostly herrings, small forage
fishes, and small young of certain predatory species, and the squids
suffered almost complete mortality. ﬁost'of these species are

impinged more frequently during the summer, when warmer water

- temperatures and large volumes of jellyfish impinged concurrently

also tend to reduce survival. The process of impingement alone
probably causes most mortalities and the addition of a sluiceway did
not increase survival. However, many of these species (e.g.,
Atlantic silverside and bay anchovy) are far more abundant locally
than their numbers impinged would indicate and impingement impact is
most likely minor.

The recirculation and re-impingement of species other than the
winter flounder is unknown. The number of winter flounder
re-impinged was probably overestimated as the marked fish were
released directly between the Unit 1 and 2 intakes, much closer to
the Unit 1 intake than the siuiceway terminus. Susceptibility to
re-impingement would depend upon species—-specific behavior,
condition of individuals, water .temperature, and time of day. On
ebb tides, water flow is to the east and éway from the MNPS intakes.
1f individuals returned from the sluiceway either swim with the
current or are passively carried by it, then they would not be -
brought back into the vicinity of the Unit 1 intake for more than
half of the time. Except for storms vith strong winds blowing
toward§ the intakes, recirculation of fish returned to LIS via the
Unit 1 sluiceway is probably minimal. The re-impingement of fish
during storms would be mitigated by continuous screenwashes which
reduce_imp{ngement'mortality. Most pelagic fish and squid do not
normally survive the first impingementAepisoae S0 re-impingement of

these species would not contribute to increased mortality.
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The rates of survival found for various-species and:groups

.&uring this study were very similar to those reported in NUSCo

. f(1981) and probably realistically reflect the survival attainable

. with the present screenwash system zt Unit 1. Data from impingement
" survival studies at other northeastern Atlantic coastal or estuarine
povwer stations are summarized in Table 8. Although sampling

" methodologies and plant opefational characteristics differed among
the studies, the findings were similar. In general, pelagic fishes

. had relatively high mortality whereas demersal fishes and
crustaceans had good survival folloﬁing impingement and return to
‘the source water b;dy. Sopé studies also showed that decreasing the
:time between washes improved survival. Survival of fish from MNPS
Uﬁit 1 is similar to that found at Bravton Point, MA and appears to
be greater than at Pilgrim, MA for comparable wash cycles.

In conclusion, the MNPS Unit 1 sluiceyay has worked as designed
in successfully retufning most aquatic organisms back to LIS. Based
on the numbers and tjpes of aquatic organisms impinged, survival of
a large majority of demersal fish and non-molting crustaceans has
‘occurred due to the installation and operation of the sluiceway.

.The projected survival of important fishes and invertebrates, such
. as the winter flounder and the morthern lobster, has lessened the

impact of impingement on the- local aquatic community.

1£



T4b1s 8, Compsrison of dats from {mpingemont anrvival atudiae at other northeastarn poudr iqé!onl,

Specign Haah Nodding
Youer Statfon Spacles grevpl  eyele(h)  perfod(h) X Survival  Remarks Refsrancs
Bovline, NY vhite perch P 0"' 96 56 Not adjusted for Xing et al,
white perch P 4 96 19 control mortality, 1972
wiiich vas high, .
Brayton Paine, MA  Atlencie silvereide | 4 0 24 [} KD 1982
Atlantic eflverstde 4 2-12 F{ 1-10
windovpane D 0 24 83
vindovpsne D 8 11 66
uinter (lounder n 0-8 24 90-94
winter {lounder n 12 24 83 ]
Denskemmer Point, white perch | 4 0 L1 40-61 °  Adjueted fov Ring et al,
ny vhfte perch r 4 84 9 control mortality, 197
Atlantfc tomcod ] 1] [ 14 8}
Atlantic tomcod D 2 84 87
Oystar Creek, NJ- bluebsck herring P 2 'Nonc: 1?7 'Only {ncluded Tathan et al,
Atlantic herfring P 2 Hone | 8 nunbsar of live 197
bay snchovy ., r 2 Nonnc : 7 ' supscimens reported
Atlantic silverside P 2 None k13 for P group, since
northern pipefish D 2 Nonu: %0 most danuged indivi-
striped scarobin D 2 None 82 dusle apparently
smsl)mouth flounder n 2 Non-c "% wvure §n poor condition,
vinter fleundur n 2 None g a3 For D snd C groups,
blue cradb [ 2 Hone 93 cumbined number of
1ive and damngud since
tatter was minor snd
d1d not uffect survival,
Pilgrim, HA hereinge P 8 56 0 HRI 1984
' Atlantic silversids P 8 56 0
rafnbov smelt P 8 H) 0
thresspine stickleback D 8 56 2
cunnar b 8 56 1
grubby D B8 £13 38
wintsr flounder D 8 113 15
novthern puffer D 8 56 [
Pligrin, HA Atiantic silversids ? 8 36 3 Nats combined for Anderson
grubby D 8 56 0 198485 studies, 19854,%
uintar {Jounder D 8 L) 3
Roseton, HY vhite perch P 0 84 29-60 Adjusted for King at al,
white perch P 4 84 2338 contro) mortality, 191
Atlantic tomcod D 0 B4 81
Atlantice tomcod D 2 84 72

% P tndicstes pelsgic, D dematssl, and G crustacean

L {ndicates continuous vash

¢ lomediate survival aatimates given as relatively fev specimans held for delayed mortalicy

. o
gt

v




REFERENCES CIT

‘Anderson, R.D. '1985a. Impingement of organisms at Pilgrim
" Nuclear Power Station (January-December 1984). vi + 26
.PP. In R.D. Anderson and L.N. Scotton. Marine ecology
studies related to operation of Pilgrim Station.
Semi-annual Rep. No. 25. January 1984~December 1984.
Nuclear Management Services Dept., Boston Edison Co.,
Braintree, MA.

. 1985b., Impingement of organisms at Pilgrim Nuclear
Power Station (January-June 1985). iv + 14 pp. 1In R.D.
Anderson and L.N. Scotton. Marine ecology studies
related to operation of Pilgrim Station. Semi-annual Rep.
‘No. 26. January 1985-June 1985. Nuclear Management
Services Dept., Boston'Edison Co., Braintree, MA.

. Arnold, J.M., and L.D. Williams—-Arnold. 1977. Cephalopoda:
Decapoda. Pages 243~290 in A.C. Griese and J.S. Pearse,
eds. Reproduction of marine invertebrates, Vol. VI.
Academic Press, N.Y. (not seen, cited by Macy 1982).

Gosner, K.L. ‘1971. Guide to identification of marine and
estuarine ‘invertebrates - Cape Hatteras ‘to the Bay of
* Fundy. John Wiley and Sons, New York. 693 pp.

King, L.R., J.B. Hutchinson, Jr., and T.G. Buggins. 1977.
Impingement survival studies on white perch, striped bass,
and Atlantic tomcod at three Hudson River power plants.
Pages 217-234 in L.D. Jensen, ed. Fourth natiomal
workshop on entrzinment and impingement. E.A.
Communications, Melville, N.Y.

Macy, W.K., ITI. 1982. Development and application of an objective
method for classifying long~finned squid, Loligo pealei, into
sexual maturity stages. Fish. Bull., U.S. 80:449-459.

Mansueti, R. 1963. Symbiotic behavior between small fishes and
jellyfishes, with new data on that between the stromateid,
Peprilus alepidotus, and the scyphomedusa, Chrysaora
quinquecirrha. Copeia 1963:40-80.

_ MRI (Marine Research,-Inc.). 1982. Brayton Point Station
impingement survival study 1981, 1982. Submitted to New
England Power Co. 15 pp + appendix. (not seen, cited by
MRI 1984).

. 1984, Assessment of finfish survival at Pilgrim
Nuclear Power Station. Final report, 1980-1983. iii + 51
pp- In R.D. Anderson and L.N. Scotton. Marine ecology
studies related to operation of Pilgrim Station.
Semi-annual Rep. No. 23. January 1983-December 1983.
Nuclear Management Services Dept., Boston Edison Co.,
Braintree, MA. '

16



NGSCo (Northeast Utilities Service Company). 1981. -
Feasibility of modifying the Miilstome Units .1- and 2
cooling water intake screen wash system to improve the
return of fish to Long Island Sound.. iii + 67 pp.

. 1983. Winter flounder population dynamics. 53 pp. 1In
Monitoring the -marine environment of Long Island Sound at
Millstone Nuclear Power Station, Waterford, Comnecticut.
Annual report, 1983.

.. 1984, TFish ecology. 53 pp. In Monitoring the marine
enviromment of Long Island Sound at Millstone Nuclear
Power Station, Waterford, Connecticut, - Annual report,

1983

. 1985a. Lobster populatiou dynamics. 27 pp. In
Monitoring the marine“enviromment of Long Island Sound at
Millstone Nuclear Power Station, Waterford, Conmecticut.
Annual report, 1984,

. 1985v. Winter flounder population studies. 74 pp. In'
Monitoring the marine enviromnment of lLong Island Sound at
Millstone Nuclear Power Station, Waterford, Connecticut.
.Annual report, 1984.

Robbins, C.R., R.E. Bailey, C.E. Bond, J.R. Brooker, E.A.
Lachner, R.N. Lea, and W.B. Scott. 1980. A list of
common and scientific names of fishes from the United
States and Canada. Fourth ed. Amer., Fish. Soc. Spec.
Pub. No. 12. 174 pp.

Tatham, T.R., D.L. Thomas, and G.J. Miller. 1977. Survival of
fishes and macroinvertebrates impinged at Oyster Creek
Generating Station. Pages 235-244 in L.D. Jensen, ed.
Fourth national workshop on entrainment and impingement.
E.A. Communications, Melville, N.Y.

| ¥



NORTHEAST UTIL'TIES General Oflicés ® Selden Street, Berlin, Connecticut

Tof CONECTICLST LICHT AND PORE R COMRANY
ll ' ::;: mn;:mxw P.O.BOX 270 .
e e e HARTFORD, CONNECTICUT 06141-0270
z::::::':.::‘x:‘::m. (203) 665-5000 ‘

‘May 27, 1986
D01185

Mr. Stanléy J. Pac, Commissioner
Department .of Environmental Protection
State Office Building

165 Capitol Avenue

‘Hartford, Connecticut 06115

. References: l. NPDES Permit No. (21'0003263 (DEP Order No. 2859), dated
July 2, 1980.

2. Letter, W. G. Counsil to S. J. Pac, with report entitled
“"Feasibility of Modifying the Millstone Units 1 and 2 Cooling
‘Water Intake Screen Wash System to Improve the Return of
Fish to Long Island Sound." Letter dated July 31, 1981.

3. Letter (DGP/WPC 152-001), R. E. Moore to W. G. Counsil,
dated April 14, 1982.

) | k. Letter (F1079B), W. G. Counsil to S. J. Pac, dated July 20,
1982.

Dear Mr. Pac: ,

Millstone Nuclear Power Station, Unit 1
Cooling Water Intake Screenwash System

Pursuant to NPDES Permit. No. CT0003263, Reference 1, Paragraph 14,
Northeast Nuclear Energy Company (NNECO) was ordered by the Department of
_Environmental Protection (DEP) to submit an engineering report studying the
feasibility of modifying the cooling water intake screenwash systems of
Millstone Nuclear Power Station (MNPS) Units 1 and 2 to improve the return of
organisms impinged on the traveling screens back to Long Island Sound. A report
was prepared by Northeast Utilities Service Company (NUSCO) for NNECO and
submitted on July 31, 1981, Reference 2. This report considered various
alternatives and combined both engineering and biological criteria as well as
cost-benefit analyses. As a result, NUSCO indicated that a sluiceway was cost
eﬁective and could be installed at Unit 1.

The above recommendation was approved by the DEP, Reference 3, and the
construction and installation of a {ish return sluiceway at Unit | was mmated




-2-

In addmon, a one-year study was proposed to examine the operation of the
sluiceway to ensure that the objective of reduced impingement mortality was

" met, Reference (4). Accordingly, NUSCO, on behalf of NNECO, hereby subimits_
a report entitled “"The Effectiveness. of the Millstone Unit 1 Sluiceway in’

Returning Impinged Organisms to Long Island Sound." - This report examines the

* wsurvival of fish and invertebrates in the sluiceway subsequent to their

- 1hpxngement at Unit 1. Briefly, the report shows that the survival and
.successful return of many impinged individuals to Long Island Sound has lessened
the 1mpact of MNPS operations on the local aquatic commumty.

- If you have any quesnons after reviewing the report, please call Dr. William C.
. Renfro, Director, NUSCO Environmental Programs, at (203) 665-3240.

Very truly yours,

NORTHEAST UTILITIES SERVICE COMPANY
As Agent for. Northeast Nuclear Energy

Company
7 7 Z,/ /ﬂ//L—
R. A. Reckert

VYice President
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Introduction

Impingement occurs when young and adult fish and invertebrates are trapped on the intake scrcéns of the
cooling-water- system.  The intake screen system at Millsone Unit 2 usually operates when a specific
pressure differential is exceeded, although it _ﬁlay be washed manually or by use of a timer. When a
. pressure differential of 6 psi is reached as a result of material (i.c., algac or fish) accumulated on the 9.5
mm mesh screen, the screens are automatically:rotated. The minimum number of daily washes is three,
with more frequent washes occurring when winds or tides load the screens with debris. Under usual
conditions an 80 psi spray removes organisms, algac and other debris from the screens. Material washed
off the intake screens is carried in a trough exiting through the south wall of the intake structure and
“empties into.a trash pit. The pit contains a basket with 2.45 cm pc;'forations in which all material is
collected. Impiﬁgcmcnt sampling is done by sorting fish and macroinvertebrates from all thé material
~washed from the screens during a 24-h period, usually beginning and ending at 0800. Collected aquatic
organisms are identified to the lowest possible taxon, counted, and up to 50 specimens of each species are

measured. Catch is recorded ‘as number impinged per 24-hr period.

Impingement at Millstone Unit 2 is monitored as a requircment of NPDES Permit No. CT0003263.
Sﬁnphg was initiated in'Scptcmbcr 1975. The objective of impingement monitoring has been to quanify
total annual species-specific mortality. Complementray sampling programs were established to monitor
the abundance of potentially impinged species in the Millstone arca.

Throughout the design, construction and operation of Millstone Nuclear Power Station consideration has
been given to ways of reducing mortality of marine organisms resulting from impingement. While the
best available technology was incorporated during the design and construction of the unit, additional

measures have been investigated and tested in an attempt to further reduce impingement losses.

Becausce total species-specific impingement mortality has been quantified and was found not to affect the
abundance of potentially impinged taxa and possible mitigation measures to reduce impingement losses
have been evaluated and incorporated when possible, we propose to discontinue impingement monitoring

at Unit 2. This report presents the results of 11 years of monitoring data, a review of diversion measures

Justification for Discontinuing Impingement Monitoring at Millstone Unit 2 o i
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‘which wete tested in an attempt to reduce impingement losses, and a'summary of the engineering report

“which addressed backfitting sluiceways to Units 1 and 2.

i_I'rnpirigement Estimates

Monthly impingement estimates were based on extrapolating actual counts using a volumetric ratio. This

- method was developed to account for the fact that impingement rates are directly influenced by cooling-water
. flow (Con Ed and PASNY 1977; Lawler, Matusky and Skelly Engineers 1980; NUSCO 1987). Cooling-water
‘volume estimates corresponding to the actual 24-h impingement period of each sample were used. Within

" each month, an estimate for every day not sampléd was calculated by multiplying the average impingement

density (number of organisms per m> of cooling water) based on the days sampled in that month times
the volume of cooling water on each day not sampled. All of these daily estimates were then added to
the sum of the actual sample counts to arrive at the monthly totals for each species. Annual impingement

estimates were calculated by summing the monthly estimates.

_ Annual impingement estimates were calculated from January 1976-December 1986 (Tables 1 and 2). Over

100 species of fish and invericbrates have been impinged over the past 11 years. Sand lance, Ammodytes
ahcﬁganw, accounted for almost 60% of the impinged fish taxa. Prior to 1984, sand lance accounted for
less than 1% of the species composition (NUSCO 1984). However, in 1984, an estimated 480,000 sand
lance were impinged at Unit 2 during the week of July 18th. This estimate was based on a single 24-h
sample, but qualitative observations made during the remainder of the week indicated that the numbers
of impingéd sand lance decreased rapidly. The sand lance is a schooling species (Leim and Scott 1966)
and a large school probably encountered the intake structures. A similar short-term large impingement
of a schooling species, Atlantic menhaden, Brevoortia tyrannus, occurred in 1971 (NUSCo 1982). At this
time, an estimated 50 million juvenile menhaden were impinged in August at Unit 1 (the only unit
opcrating then). Prior to the mass impingement of sand lance, six fish species dominated the impingement
c;illections at Unit 2 and accounted for over 70% of the fish impinged there. These included winter
flounder; Pseudopleuronectes americanus, grubby; Myoxocephalus aenaeus, anchovies;. Anchoa spp-
silversides; Menidia spp. , Atlantic tomcod; Microgadus tomcod, and sticklebacks; Gasterosteus spp. .

Except for anchovies, these taxa were mosﬁy impinged in the winter months (Deccember through March).

Justification for Discontinuing Impingement Monitoring at Millstone Unit 2 : 2
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* - Winter flounder was the most abundant accounting for approximately 15% of the impingcment catch.

- Among the impinged macroinvertebrates, lady crab; Ovalipes ocellatus, and ‘Atlantic long-finned -squid;

Loligo pealei, were the most abundant and together accounted for over 60% of the impinged invertebrates.

Cancer crab; Cancer irroratus, green crab; Carcinus maenus, blue crab; Callinectes sapidus, spider crab;

- Libinia emarginata, and lobster; Homarus americanus, accounted for an additional 30% of the impinged

invertebrates.

. Complementry sampling programs were established to monitor the abundance of potentially impinged

species in the Millstone area (NUSCO 1987). Although the - data were highly variable, no long-term
changes in abundance were found. The life history and population dynamics of the commercially important
winter flounder and lobster in the Millstone area have been .studicd intensively (NUSCO 1987). There is
no evidence that the operation of the Millstone Nuclear Power Station has affected either population.

" Variability in annual abundance estimates appear to be related to natural fluctuations and increases in

commercial fishing.

Fish diversion studies

i . s
Although intake structures at the Millstone Station were constructed using the best available technology
for minimizing environmental impact, additional measures were investigated in an attempt to further reduce

impingement losses. This scction details thesc efforts.

A number of devices were tested at Millstone in an attempt to divert fish from the intakes (NUSCO 1976).
These include: electric fish screens, acoustic sounding .dev"xccs, underwater lights,and surface ar.ld bottom
fish barriers. In 1973, a study was initiated to evaluate the feasibility of an electrificd guidance device that
would prevent fish and invertebrates from being entrapped. Studics were conducted at the University of
Rhode Island in continuous flow-through electified maze tanks. The response of winter flounder and
lobsters were tested using various-electrical combinations. Results indicated that different electrical pa-
rameters would be needed for fish and invertebrates. Because of power requirements and associated safety
hazards it was concluded that such an electrical device to divert marine organisms from the intakes was

not a feasible alternative.

Justification for Discontinuing Impingement Monitoring at Millstone Unit 2 3



A sparker-type geophy;sicél sounding device wés.testcd at Millstone. Measurements indicated thé noise
" level producted by a maximum sound input of 2000 volts to the sparker was 130 dB. Behavioral response
of winter flounder to the sparker ‘was observed by placing 35 winter flounder of various size in a net
covered cage and 'encfgizing the sparker at a distance of 15 fect and less. Results indicated ihat regardless

of power level or distance there was no visible response. Based on résults no further testing was done.

Ten 1000 watt lights were mounted on the Unit 1 trashracks approximately four feet from the ocean
bottom, with two lights per intake bay. The lights were positioned to illuminate the bottom area
- immediately in front of the trash racks. The lights were operated on a two-day-on, two-day-off schedule
from 1800 to 0600. The time period, water temperature, lights on or off and the number of oréanisms
impinged by species were recorded. Results of analysis of covariance indicated that there was no significant
difference in light effect on the impingement rate of three species: blue crab, lady crab and squid.: No

‘fu}ther attempts to use underwater lights was undertaken.

Both surface and bottom fish barriers were placed at the Unit 1intake. A comparison of impingement
rates at Units 1 and 2 was done to determine if a significant reduction occurred as a result of placing these

barriers at the intakes. No reduction in impingement was observed and the barriers were removed.

Sluiceway studies

As a condition of the renewal of the NPDES permit for Millstone Nﬁclear Power Station Units 1 and 2,
the United States Environmental Protection Agency acting through the Connecticut Department of Envi-
A ronmental Protection requested Northeast Utilities Service Company (NUSCO) perform a study to deter-
imiine the feasibility of backfitting sluiceways to the intake screcn wash troughs. The purpose of these
sluiceways would be to direct ﬁ;h and invertebrates back to Ibng Island Sound following impingement.
.The NUSCO Generation Civil Enginecring group evaluated various sluiccway alternatives in terms of
'oj;crations, costs and the feasibility of construction. Drawings of various alternatives as well as details
concerning construction, operation and maintenance arc documented in NUSCO (1981). The economic
_savings of fish and invertebrates potentially retumed alive to Long Island Sound.combincd with maintenance

and impingement monitoring savings were compared with the costs of construction and operation of
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various sluiceway alternatives. jhe results formed. the basis of a cost-benefit analysis in which each
alternative was evaluated (NUSCO 1981).

. .A'ftcr evaluating six sluiceway designs for Unit 1 the modification of an existing dewatering line was found
-to be a feasible alternative. A sluiccway was constructed -and placed in operation December 1983. The

cflectiveness of this sluiceway was evaluated and was found to work as designed in returning most aciuétic
* organisms back to Long Islind Sound (NUSCO 1986). Based on the numbers and types of aquatic

organisms impinged, survival of a majority of demersal fish and non-molting crustaceans has occurred due
_to' the installation and operation of the sluiceway. The projected ;survival of important fishes and
' invcrtebratcs (i.e. winter flounder agd lobsters) ‘has lessened the impacts of impingement on the local

‘aquatic community.

Six alternatives were designed to returned impinged fish 16 Long Island Sound at Unit 2. Alternatives
- included discharging a sluiceway to the south or the west, through the existing dewatering line, to Unit 3,
to a barge, or to holding ponds. Because of the location of the intake structure between Units 1 and 3,
various engineering difficulties and problems associated with expected recirculation of impinged organisms
if discharged close to the intakes, ‘all six designs were not practical or cost effective. The Connecticut
Department of Environmental Protection reviewed and concurred with our recommendation to construct
a sluiceway only at Unit 1 and found that the proposed action was consistent with applicable policies of
'Conhccﬁput Coastal Mangement ‘Act (Section 22a-92 of the Connecticut General Statutes as amended by
I Section 2 of P.A. 535). Since no sluiceway. was constructed at Unit 2, routine sampling has continued

there through the present.

Coffer Dam Removal

There was a noticable @uction in daily impingement at Unit 2 after the .rehoval of a coffer dam
surrounding the Unit 3 intake in June 1984. The coffer dam existed when Unit 2 began operating and it
prévidcd an ideal reef-like habitat close to the Unit 2 intake. Monitoring data were analyzed to investigate
if the removal of this dam resulted in a significant reduction of the average number of organisrﬁs impinged

daily at Unit 2. The data used were 24-hr impingement counts on the days sampled from January 1976
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' th:o;lgh April 1987. Sand lance counts were noi used. m this analysis Abccause the unusually large
_impingement of sand lance in 1984 would have biased the results. All data were log-transformed to reduce
skewness and kurtosis and to stabilize variance prior to testing for impingement. differences before and
after June 1984. Because the impingement ratés are kpovi'n to be influenced by cooling water flow rates,
“we used a variance-covariance model to adjust the impingcnient counts for daily differences.in cooling
. " water ﬂows.. “The adjusted least-squares means (LSMEANS) for ihe groups “before” (January 1976 through
.May 1984) and “after” (June 1984 through April 1987) and the results of t-tests conducted to compare
these two group means arc presented in Table 3. These results are presented for total impingement counts
., ignoring phylum, and for the scparate impingement counts for the fish and invertebrate phyla. In all cases
the mean impingement afier removal-of the dam was significantly (P <0.01) lower.than during the period

when the coffer dam was in place.

VConclasions

Impingement has been monitored at Millstone Unit 2 for 11 years. Complementary sampling pr&grams
were established to monitor the abundance of potcﬁtiaﬂy impacted taxa in the Millstone area. Mitigation-
‘measures to reduce impingement losses at the Millstone Nuclear Power Station have been evaluated and
incorporated, when possible. The addition of sluiceways at Units 1 and 3 have lessened the impacts of
impingement on the local aquatic commaunity. Since the removal of a coffer dam surrounding Unit 3 in
1984, impingement losses at Unit 2 have been significantly reduced. Since impingement losses at Unit 2
have been well documented and possible mitigation measures have been incorporated, we feel the contin-
vation of impingement monitoring would no longer serve any practical purpose and recommend deletion
* of this monitoring as of December 31, 1987. Provisions will exist to examine and report Jarge impingement
events, such as previously mentioned for Atlantic menhaden and sand lance. Observations of unually large
impingement events made during regular routine daily inspections by Unig 2 operations and maintenance
personnel shall be reported to and investigated by Northeast Utilitics Environmental Laboratory, and

communicated to the Connecticut Department of Environmental Protection as soon as possible.
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Table J. Annual impingement esﬁmales for all finfish taxa impinged at Millstone Unit 2 from January 1976 through -

) December 1986. . . -
. Fish Taxa 1976 1977 1978 1979 - 1980 1981 1982 1983 1984 1985 1986 - Total
" Ammodyles spp. 46 20 239 59 168 223 31 161 485411 73 42 436523
Pseudopleuronectes americanus 2783 4604 3184 10077 3576 -6207 2735 6213 2542 2769 1049 45739
Mpyoxocephalus aenaeus 1027 1299 3980 1721 9167 3262 2671 7023 2359 4621 . 1427 38557
. Anchoa spp. 848 177 774 2508 4073 3722 4085 12726 4200 342 38 33493
. Menldia spp. 853 503 2292 3319 8676 2769 800 3759 1042 1484 511 26008
Mlcrogadus tomcod 45 8 .1956 768 1213 2809 10302 2264 4938 1130 8 25519
" -Gasterosteus spp. 1533 3609 3480 2241 6710 . . . . .. . 17573
Gasterosteus wheatlandl . . . . 580 1090 11691 702 21 -1799 15883
Gasterosteus aculeatus . . . . . 5883 1188 4638 1055 859 921 14544
- Syngnathus fuscus 559 260 875 425 766 1417 557 3503 1467 460 858 11147
Peprilus triacanthus 114 122 233 1091 781 1416 2414 465 1455 1337 1406 10834
" Tautogolabrus adspersus 357 598 1399 1656 751 883 1787 694 1188 466 57 9836
Merbicclus bilinearis 586 304 282 - 361 1659 277 422 998 133 106 4 5172
Scophthalmus aquosus 434 188 243 503 570 367 354 1241 569 174 292 4935
Morone americana 136 260 458 230 489 491 1340 476 375 48 19 4322
Tautoga onltis 464 98 731 578 106 434 397 168 664 122 96 3858
Cyclopterus limpus 26 265 209 248 689 329 9 499 120 1010 128 3532
Raja spp. 292 165 133 170 231 464 274 626 275 99 285 3014
" * Osmerus mordax - 232 204 390 62 101 283 184 897 (! 99 105 2678
Par.a'lich'lhy: dentatus 230 17 59 7 27 261 88 72 646 29 377 1813
Brevoortia tyrannus 177 50 62 135 154 101 247 31 167 242 55 1701
Prionotus spp. 364 112 63 49 61 242 147 86 49 72 142 1387
Cynoscion regalis 26 568 70 4 7 466 40 38 34 14 8 - 1275
.. Alosa pseudoharengus 43 274 26 92 118 128 203 192 79 , 39 32 1251
Alosa aestlvalis 86 125 88 140 94 121 63 234 91 51 42 1135
- Liparls spp. 6 208 86 1n 25 3N 19 155 39 66 0 986
‘Sphoeroldes maculatus 165 4 17 49 12 80 126 166 174 86 81 960
Stenotomus chrysops 114 76 19 87 35 78 115 95 53 105 23 800
" Angutlla rostrata 60 25 56 84 73 66 207 104 60 48 10 793
Opsanus tau 69 27 n 96 49 123 55 67 98 28 23 712
Pomatomus saltatrix 23 44 9 47 27 8t 40 108 110 46 34 569
- Pholis gunnelius 48 28 39 86 28 88 42 121 49 12 24 565
Pollachlus virens s 6 2 2 1 55 4] 41 253 0 37. 513
* Trinectes maculatus 20 6 14 53 35 21 75 29 194 21 21 489
Fundulus spp. 12 16 9t 14 5 99 33 13 20 8 0 381
" Urophycls chuss 3 17 0 80 19 42 26 41 n 13 0 312
‘Hemltripterus amerlcanus 9 2 5 2 25 64 51 94 22 6 12 292
Urophycls regla 5 0 0 3 14 12 19 187 7 0 13 260
Clupea harengus 33 114 0 S 2 35 9 16 12 12 ] 243
- Caranx hlppos 5 0 2 4 2 47 9N 9 21 34 8 223
Gadus morhua 0 0 0 0 0 10 24 .2 142 7 16 201
Urophycls spp. 0 29 124 0 2 2 0 0 0 0 0 157
Centropristis striata 22 2 0 ] 7 0 2 6 74 0 28 141
Mugll cephalus 3 4 10 4 18 s 7 17 39 4 19 130
Sphyraena borealis 12 4 10 0 0 25 63 0 12 0 0 126
Lefostomus xanthurus 12 2 83 0 0 0 2 16 0 0 8 123
Monacanthus hispidus 5 0 34 45 8 4 4 2 3 9 0 119.
Ophldion marginatum 16 0 0 10 0 0 7 4 50 6 17 110
Apeltes quadracus 2 4 2 2 31 45 12 3 2 0 6 109
Etropus mlcrostomus 2 0 0 0 0 - 5 4 41 20 10 2 104
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Table 1. (Continued).

1976 1977 1978 1979 1980 1981 1982 .1983 1984

1985

Total

Fish Taxa 1986
Alosa sapidissima 12 1 0 2 33 16 6 17 16 0 /] 103
Melanogrammus aeglefinus 0 0 4 88 3 0 0 0 0 0 0 9s
Selene setapinnls 30 0 (1 o 0 2 2 20 34 7 95
Urophycis tenuls 0 1 4 0 4 17 13 2 45 0 0 86
Pungitius pungftius o .o 2 o -0 4 19 17 s 10 19 76
Scomber scombrus (] 4 0 4 0 12 46 2 0 0 0 68
Selene vomer 0 22 -0 0 5 0 .2 0 14 22 0 65
Aluterus schoepfi 1 36 4 0 3 0 9 0 6 0 0 59
Caranx crysos 0 9 7 0- 0 5 14 ) 24 0 0 59
Paralichthys oblongus 16 0 4 7 4 16 2 4 0 6 0 59
Alectis clliarls 1 7 2 0 0 28 2 0 6 7 0 53
- Mugll curema 0 0 0 0 (] 10 ] 3 27 8 ‘4 52
Mustells canls 2 6 18 2 0 6 4 0 0 8 6 52
Fistularla tabacaria 3 4 5 (1] 10 2 5 0 0 6 0 3s
. Myoxocephabhus spp. 1 3t 0 0 0 0 0 0o o 0 0 32
Squalus acanthlas 2 0 0 0 6 0 0 21 0 0 2 31
Morone saxatilis 0 0 3 2 .0 0 13 5 0 7 0 30
Ulvarla subbifurcata 2 1 3 2 o 7 2 0 6 4 0 27
Conger oceanicus 13 4 (1] ] 0 2 5 2 0 (] 0 26
Myoxocephabis octodecemsplnosus 0 0 0 5 5 2 4 8 0 0 0 24
Hippocampus erectus 2 0 0 0 0 0 0 4 o 3 13 22
. Myoxocephalus scorplus 0 16 6 0 0 0 0 0 0 0 0 22
Ophidiidae 17 0 0 0 0 0 5 0 0 0 (1] 22
Trachurus latham! 0 0 0 16 0 4 0 0 0 0 0 20
Chaetodon ocellatus 0 0 2 0 0 2 7 0 0 7 0 18
Gadidae 0 0 5 0 0 0 13 0 0 0 0 18
Decapterus macarellus 0 0 0 o .0 o 0 0 15 0 o 15
Pristigenys alta 0 0 0 0 0 0 2 0 12 0 0 14
Dactylopterus volitans 0 2 0 0 0 0 4 0 0 7 0 13
Cyprinodon variegatus 0 0 4 0 4 2 2 0 0 0 0 12
ChHomycterus schoepfi 0 0 0 0 0 0 2 0 8 0 0 10
Macrozoarces americanus 0 0 0 2 0 0 0 2 0 6 0 10
Etrumeus teres 0 2 0 5 0 0 2 0 0 0 0 9
Lophlus americanus 0 0 0 0 0 0 2 0 0 7 0 9
Enchelyopus cimbrius 0 0 0 0 0 0 0 0 8 0 0 8
Prlacanthus arenatus 0 0 0 0 0 ] 2 (] 6 0 0 8
Clupeidae V] 0 0 0 0 0 0 0 3 4 0 7
Menticirrhus saxatilis 0 0 2 3 0 0 2 0 0 0. 0 7
Alosa spp. 0 0 0 0 0 0 0 0 6 0 0 6
Hippocampus spp. o o 0 0 0 0 o 0 0 6 0 6
Priacanthus cruentatus 0 0 0 0 0 2 0- 4 0 0 0 6
Selar crumenopthalmus 3 0 0 0 0 2 0 0 0 0 0 s
Serlola zonata 0 5 0 0 0 0 0 0 0 0 0 5
Aulostomus maculatus 3 0 0 0 0 0 -0 0 0 0 0 3
Monocanthus spp. 0 0 0 0 0 0 0 0 3 0 0 3
Alosa mediocris 0 0 0 0 0 0 2 0 0 0 0 2
Decapterus punctatus 0 0 0 0 0 2 0 0 0 0 0 2
Ictalurus catus 2 0 0 0 0 0 0 0 0 0 0 2
Rhinoptera bonasus 0 0 0 0 0 2 0 0 0 0 o 2
Salmo trutta 0 0 0 2 0 0 0 (] 0 0 0 2

Total

12077 14677 21981 .27268 40822 34636 32745 60410 511387 16360 10199 782562



Table 2. Annual impingement estimates for all invertebrate taxa impinged at Millstone Unit 2 from January 1976 ‘thr(;ugh

December 1986. .
Invertebrate Taxa 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 ‘Total
Ovalipes ocellatus 1402 2289 1831 4708 14224 13054 23194 4876 4118 2838 1552 74086
Lofigo pealel 5095 1257 2430 10763 11083 7895 6846 2779 .14748 3298 1912 68106
Cancer Irroratus 457 389 442 438 560 3919 5179 4036 6630 4456 6264 32820
Carcinus maenus 425 408 368 408 670 2339 1532 4311 S647 2727 2960 21795
. Callinectes sapidus S64 193 499 945 927 964 1120 468 1020 733 621 8054
-Homarus amerlcanus 663 308 261 402 392 1043 1032 458 1167 505 549 6780
* Libinla spp. 1244 205 93 91 124 516 475 - 887 1484 407 689 6215
Neopanope texana - 0 13 16 13 18 104 362 - 288 1496 244 373 2927
Limulus polyphemus 281 1 17 sS4 46 152 86 10 164 0. 41 86
. Pagurus spp. 29 37 ] 4 88 38 14 n 12 7 83 529
" Squitla empusa . 52 38 4 2. 193 23 20 25 3 3 0 363
.Cancer borealis 12 4 S n 9 10 1 12 2 0 0 142
- Argopecten bradians 0 0 0 0 0 2 2 37 38 0 0 79
Penacus aztecus 0 0 0 0 2 2 45 0 0 7 7 63
Upogebla affinis 0 0 0 0 0 0 14 39 0 0 0 53
Hlex llecebrosus ] s 6 0 o 9 o .o 6 o (] 26
Callinectes similis 0 0 0 0 0 0 14 0 0 0 o 14
Lunatla heros . 0 0 0 0 2 0 2 0 0 0 0 4
Aplysta wilcoxi 0 0 0 0 2 0 0 0 (] 0 ] 2
Hexapanopeus angustlfrons i 0 0 0 0 0 0 0 0 0 0 1

“Total 10423 5157 5980 17905 28340 30070 39948 18237 36585 15225 15051 222921




) _ Table 3. Summary statistics of Jog-transformed impingement monitoring data (daily total counts) and results of t-tests
) comprising mean daily impingement rates before and after May 1984. '

- .ALL ORGANISMS:

ttest™ for equality of

LSMBANS
Monitoring Period n Mean - ‘R_angg ] LSMEAN® Std. Error t Prob >t
. (1) Jan. 1976-May 1984 1549 4.071 0 to 8.08 ° 4072 0.03196
) . 5.28 <0.01
(.2) June 1984-April 1987 240 3.664 0 to 6.55 3613 0.08085
' 1,789
FISH ONLY:
ttest™ for equality of
. LSMEANS :
Monitoring Period n Mean Range Lsmean® Std. Error t Prob >t.
(1) Jan. 1976-May 1984 1456 -3466  0.69 to 8.07 3479 0.03456 .
. 5.10 <0.01
(2) June 1984-April 1987 223 3078  0.69 to 6.52 2.996 0.08823
: 1,679
INVERTEBRATES ONLY:
ttest™ for equality of
LSMEBANS
Monitoring Period n Mean Range LsMEAN® Std. Error t Prob >t
(1) Jan. 1976-May 1984 1383 3.077 0.69 to 7.30 3.065 0.037061 .
2.81 <0.01
(2) June 1984-April 1987 213 2789 0.69 to 621 2.781 0.093965
1,596

- Least-square means adjusted for haily céoling water flow variability.

® One-tail ttest. Alternative hypothesiss LEMEANS (1) > LSMEANS (2).
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July 31, 1987.

D01595

Ms. Leslie Carruthers, Commissioner
Department of Environmental Protection
State Office Building

165 Capitol Avenue

Hartford, Connecticut 06115

References: (1) NPDES Permit No. CT0003263 (Order No. 2859), Northeast
Nuclear Energy Company, Millstone Nuclear Power Station,
Unit-Nos. I, 2 and 3.

(2) Letter (D01237), 3. F. 'Opeka to S. J. Pac, dated July 28,
1986.

Dear Commissioner Carruthers:

Millstone Nuclear Power Station
Modification of Environmental Impact Monitoring Studies

&) Paragraph 12 of the above-referenced NPDES permit requires that, on or before
July 31, 1985, and annually thereafter, a study proposal be submitted to the
Commissioner of Environmental Protection covering biological studies,
entrainment studies and impingement monitoring as required by paragraph 5 of
the NPDES permit. The enclosed proposals (Enclosures 1 and 2), outlining the
1988 program, fulfill this requirement. Please note that reference to specific
numbers of replicate samples has been omitted in certain programs to provide
flexibility in the event Northeast Utilities (NU) current resource optimization
efforts necessitate reductions in the scope of ecological monitoring at Millstone.

A report entitled "Survey of Bivalve Molluscs in Jordan Cove and Outer Jordan
Cove, Waterford, Connecticut," is also being provided for your information and
use (Enclosure 3). This report provides densities of recreational shellfish in
Jordan Cove and updates the Coastal Area Shellfish Concentration Map published
in 1979. These data were collected by Northeast Utilities Service Company,-on -
behalf of Northeast Nuclear Energy Company, to establish a baseline of shellfish
concentrations prior to 3-unit operation at Millstone. '

Also enclosed is the proposed scope of work for the 3-unit thermal plume study
planned for August 21 - 28, 1987 (Enclosure 4). This study satisfies commitments
made in Reference 2 (Proposed Ecological Studies for 1987) submitted July 28, -
1986. The thermal plume will be mapped by measuring Rhodamine WT dye
concentrations and water temperatures in the waters off Millstone Point. The
: dye will be injected into the Unit 3 cooling water at the discharge into the
& 1 quarry. The dye concentrations will be 1.5 ppb at the quarry discharge; and no



Commissioner
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coloration should be visible beyond the discharge. The schedule may be modified

if simultaneous 3-unit operation can not be achieved during the ‘study period.
The DEP will be informed of such changes.

If after reviewing this report you have further questions, please contact

Mr. Paul M. Jacobson, Manager, NU Environmental Laboratory, at (203) 444-
4239. ' '

Very truly yours,
NOR‘I:HEAST UTILITIES SERVICE COMPANY

As Agent for Northeast Nuclear Energy
Company :

SeniorNVice President
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The dcsién of the Millstonc' Nuclcar I.’ou_/'cr;Slation (MNPS) Unit 3 intake structurc in;:orquatcd a system -
;o retumn fish and inveriebrates impinged on thc' travcling scn.:ens back to Long Island Sound. The fish
retum system consists of finc mesh screens (3/167), fish trays on each screen pagcl, and low and high

l prcssm'm: nozzles that direct matcrial accumulated 'on the screens into a sluiceway and a debris trough,
. respectively.  Fish and invcnc;bratés are removed by a low pressure wash and returned to- Long Island
Sound lhrough.thc fish sluiceway. To prcvent debris mcirc.ulation,'the matcrial washed inio the dcbris
trough is accumulated into a trash hopper and removed. The system was operational when MNPS Unit

~...3 began-commercial generation .in April 1986.. ...

.In April 1987, in acgordahce with Paragraph 5.0f NPDES Permit No. CT! 0003263, Northeast Utilifics
Service Company (NUSCO) con;pletcd a one-year evaluation of the efficiency of the s;'stcm in separating
fish from debris and a study to examine the mortality of rcturned fishes -and invertebrates. This report

presents the results of that study.

-~

The Intake Structure and Fish Return System

The Unit 3 intake structure is divided info six bays and contains six circulating, four scrvice water and
two screenwash pumps (NUSCO .1983). At full capacity, about 56.6 m’/sec of watcr is pumped through

- the entire structurc. Water to cach bay passes through a trash rack followed by a traveling screen. During
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. normal opcraliori,'thc average water velocity through cach bay is 0.24 rﬁlscc. The trash racks arc 49 m

v.;idc and consist of 1.3 cm thick by 8.9 cm decp vertical steel bars installed 6.4 cm apart at a slope of §
o 1. The traveling screens, located upstream of the circulating water pumps, consist of an endless band
of screening pancls 4.3 m wide t;y 0.61 m high constructed of 4.76-mm mesh copper cloth. The traveling
screens rotate accordir;g to the diffcrential watcr level across each screcn. The screens automatically rotate

when the diffcrence in the water elevation reaches 100 mm.

. After screen rolation is initiated, screen-wash water is directed through the low pressure spray header (10

psi) to ﬂush‘aquatic organisms off the fish trays on the screcn pancls into the lower fish sluiceway trough,

and also lhrough d }ugh prcssure spray (85 psi) to clean dcbris off the screcns into an upper trash trough. - .

e oo

“The 70.-cm duamcter lowcr trough exits the west wall of thc intake structure and connects to a 30-cm

diamcter pxpc, which runs down along a seawall about 22 m to the north. A 76-cm section of the sluiccway

-

pipe about 30 cm to the west of the intake structure is opc;x to allow for sampling. The sluiceway ends
about 10 m from rock rip-rap along the shore, There was concern that organisms cxi.ting the sluiceway
might hit the scawall. To prevent this, a 30° elbow was addcd to the terminus of the ‘sluiceway to direct
fish away from the scawall. The dcbris trough exits the intake structure through the east wall and material
is removed from the trough by a m(')torizcd. conveyor system and Ucposilcd in a trash hopper for removal

offsite.



.Materials and Methods

: Samp-lcs were taken weekly from May 1986 though October 1986 and at Icast monthly thercafter, cxcept
duﬁr;g March 1987 when no samples were taken due to opcrational problems. Because most impingement

" occurs after dark, most sampling was donc at least one hopr after sunset. Several hours before a sample
. v}as.f:ollectcd', the traveling scrcens were washed to clean them of .prcviously accumulated dcbris and
'-oxlga'nisms and then were not allowed to rotate or wash for about 3 h. On six occasions, high differcntial
water lcvel due to debris loadix.lg caused the scrc‘éns to run continously. Oﬁ Dccember 16 and 22, 1986 °

the debris conveyor system was not operational and samples were collected only from the sluiceway trough.

Data from these two collections was not used to determine efficiency. L e T

S .Organisms were simullaﬁéo.usly collected from both the sluiceway and debris troughs. To collect organisms '

from the sluiceway, a 34 cm wic;c by 38 cm high by 50 cm long stainless steel sampler with about 2 m

- of 4.88-mm nctting attached was placed in the sluiceway sampling area. The screens were rotated and
cleaned and; as material accumulated in the sampler during the apprc;ximate 45 min wash cycle, the net
v..vas removed every | to 3 min and emptied. Total sampling time and the time the sampler was out of
the water to remove organisms were recorded.  All oi'g:miéms were scparated from algac and jellyfish by .
hand and placed into an insulated cooler or buckel containing scawater. Duriné the same time, a screen

~was placed at the discharge of ghc debris conveyor syslgm on top of the trash'.hoppcr. All organisms were

‘removed from the debris and no attempt was made o kecp these specimens alive.

Specimens collected from both' the debris hopper and the sluiceway were retumed to the laboratory. Live

organisms collccted from the sluiccway were held in tanks with running scawater; crabs and predatory fish



" were kept separate-from 6thef spgcics. Dead org':;nisms fron; the sluiceway and‘ali orgaﬁshs collected
from the debris trough were identificd and mc;;sured {oﬁo“dng the initial collection. Dead organisms were
ﬂso removed, identificd and measured afier periods of 6 and 24 h. At 72 h, the remaining organi.sms were
removed. At this time, animals that werc. stressed (j.c. injured or behaving abnormall);) were recorded as
dead. Total length of fish, carapace width of crabs, carapace length of lobster and mantle length of squid

were rccorded to the nearest mm. Water temperatures at the intake and the laboratory holding tanks werce

ﬁcordcd. .

‘The number of organisms collcé_tcd in the sluiceway was adjusted based on the percentage of time the
- sampler was out of the water. For example, if the sampler was out of the water for 10% of the sample
. duration, the sluiceway catch was adjusted upwards by 10%, _Efficiency of the sluiceway was expressed as.- ... .=~

-the ratio of the adjusted sluiceway catch to the total (sluiceway and debris trough) catch.

Survival cstimates were calculated for individual species as well as for groups' of orgahisms classificd by
body type and season of occumrence based on water 'tcmpcraturc.' Survival was calculated from the
-proportion of total numbers of specimens alive at the initial, 6-, 24-, and 72-h obscrvations. The four
body-type groups were “pelagic”, 'dcmcr.sal', “crustaccans” and “squid”. Free-swimming fishes (e.g., hcrrir;gs,
silversides, butterfish) were considered pelagic, wh'c'rcas bottom dwcllers (e.g., sculpins, flounders) as well -
as thosc with hard integuments tc.g., sticklebacks, pipcﬁsh) were classified as demersal. The crustacean
group was compriscd of crabs and the American lobster. The Atlantic Jong-finned squid was considered
as a separate g}oup. For some survival calculations, samples were assigned to three tcmpcraturc. groups:
“cold”, “cool” and “warm”. The tempcratures ranged from 3.5 to 7.0°C (cold), 8.0 to 15.0°C (cool) and

.

16.0 to 22.0°C (warm).
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Results .

A total of 32 samples was taken during the study period and S5 species of fish and 15 macroinvericbrates
| were taken in sluiceway and dcbris trough collections (Table l)-. Warm-water collections tended to contain

"more species and specimens than the other two groups. “The 3,355 specimens collected during the study
| were dominated by 10 specics and these compriscd 85% of the total: rbck crab (579), northern pipcﬁsh.

.(402), butterfish (372), Atlantic long-finned squid (341), spider crab (226), lady crab (212), bay anchovy

(181), green crab (149), Atlantic silverside (124), and thrcesp'inc stickleback (109).

The numbers of-fish.and macroinveriebrates ‘coliccied-from-the sluiceway:trough.-weré ‘compared-to the * :

numbers collected from the debris trough to determine the efficiency of the sluiceway. Thc percent

efficiency was, calculated for each species (T able 2-’) and avcfagedAl% for all specimens collected. Only

one or two spccimens of some species were collected, which accounted for the extreme range of percentages
of 0 to 100%. Because of this, the rates of return of the ten most abundant fish and the eight most

abundant macroinveriebrates werc determined (Table 3). The percent efficiency averaged 49% for the

most abundant fishes and 45% for_ the macroinveriebraics.

. The mcan lengths of the most abundant organisms collccted in the sluiceway were compared to those

found in the debris trough to determine if the size of an organism influenced its entry into the sluiccway
(Table 4). The mean length of fish collected in the sluiceway was not significantly different (p> 0.05)
'l.'rom those in the debris. For all species except the cunner, the mcan lcng.ths of fish found in the debris
were larger than those in the sluiceway. Mean lengths of bay anchovy, winter flounder and northern

pipcfish_collected in the debris were significantly larger (p <0.05) than those found in the sluiceway.
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} - _Table 1. Summary of simpfes collected at the Unit 3 fish return system.

Date . Water ‘ Temperature Number of Number of
Temperature Group® " Species Specimens
05-13:36 100 cool Y 43
05-19-36- 130 } cool 14 .83
05-27-86 130 " cool 13 40
06-02-86 140 cool 19 72
06-09-86 14.5 cool . 9 31
06-16-86 18.0 warm 21 98
-06-23-86 17.0 . warm 12 76
06-30-86 19.0. warm 9 83
07-07-86 200 - warm 13 128
07-14.86 19.0 , warm 9 22
. 072186 195 warm 16 86
072836 22.0 warm 16 68
08-04-86 21.0 warm : 12 217
. 08-11-86 220 warm . 20 512
LT Lo 082586 - 2205 e o _warm oo 0 19 - 267
09-02-86 © 210 warm* -2 144
09-08-86 19.0 warm 19 - 174
09-15-86 200 . - wam - '3 3
09-22-86 L1822 . warm 3 4
~ 09-29-86 - 197 - warm 12 ) 130
) 10-06-86 173  warm 15 264
10-14-36 180 . warm 9 83
102086 150 cool 13 51
y 10-27.86 15.0 cool 7 as
11-10-86 . 140 cool 13 a3
11-17-86 1.5 cool 16 . 30
12-16-86 00 . cool 12 s1°
12-22-86 7.0 cold n s’
01-06-87 50 cold g - 25
01.12.37 7.0 cold 18 . 68
02-10-87 as cold 22 . 95
042187 105 ° cool 14 155

* cold 3.5 10 7.0°C
cool 8.5 to 15.0°C
warm 16.0 to 22.0°C

* no debris-trough collections

——



veen,

-

b e

Table 2. Spccxes specnf' ic cmcscncy of the Unit 3 Fish Relurn Systcm in separabng fish and
: invertebrates from debris. .
Numbers collected

Common , Sluiceway Debris Percent

"Species Name . Trough Trough EfTiciency
Alosa aestivalis blucback herring : 0 1 ]
Alosa pseudoharengus alewife ' 0 1 0
Alosa sapidissima American shad 0 ! 0
Aluterus schoepft orange filefish 1 0 100
Ammodytes spp. sand lance 3 2 60
Anchoa miltchilli bay anchovy 81 100 45
Angullla ro:trala American ec) 0 1 0
-Apeltes quadracu: fourspine stickleback . 1 2 33
Argopecten Irradians -baf scallop .0 0
.Brevoortla tyrannus Atlantic menhaden 61 27 69
Callinectes sapidus blue crab 3 15 17
Cancer lrroramus * rock crab 286 289 50
-Carclnug maenus... - - green crab 36. 107 . 25
Centropristis striata black sea bass 1 0 100
Chaetodon caplstratus foureye butterflyfish 0 1 0
Chacetodon ocellanes spo'lﬁn butterflyfish 0 1 )
" Clupeidae herring ‘. . 0 1 0
Clupea harengus - Atlantic hersing . I -2 33
- . Conger oceanlcus conger eel 2 0 " 100
Cyclopterus bimpus lumpfish 1 1 50
Cynosclon regalls weakfish 3 2 66
Decapterus punciatus round scad 0 1 0
Enchelyopus cimbrius fourbeard rockling 4 1 - 80
Engraulis eury.f!o!e silver anchovy 1 0 100
Etrumeus teres round herring 1 0 100
Gadidae codfishes . 1 0 100
Gadus morhua Atlantic cod 1 4 20
Gagsterosteus aculeatus threespine stickleback 14 14 S0
Gasterosteus wheatland! blackspotted sticklcback 8 13 38
Hippocampus erectus Tined scahorse 0 1 0
Ilomarus americanus American lobster 13 "1 29
Lidinia spp. spider crab 56 170 25
Limulus polyphemus horseshoe crab 0 | 0
Lollgo pealel Atlantic long-Tinned squid 170 171 50
Menldla menldia Atlantic silverside . 49 40 - 55
Merbkeccius bllinearis silver hake . . -5 4 56




‘Table 2. (continued)

Numbers collected

Common . Sluiceway Debris - Percent
Species . Name Trough Tsough Efficiency
Microgadus tomcod Atlantic tomcod 3 4 43
Monacanthus kispldus . planehead filefish . 2 0 100
Morone americana white perch : 0 ! 0
Myoxocephalus aenaeus grubby 23 27 46
Myoxocephalus octodecemspinosus onghorn sculpin ] . 1 .0
Neai‘anope texana mud crab . -27 338 41
' Ophldion marginatum : striped cusk-ecl 1 2 33
.Opsanus tau ‘oyster toadfish 0 1 o
. Osmerus mordax rainbow smeft X 7 16 30
Ovalipes ocellarus " lady erab : 134 7 64
-Pagurus longicarpus . hermit crab (small) 2 3 40
Pagurus pollicaris hermit crab (large) )] 6 . 14
Paralichthys dentatus summer flounder 1 11 8
. Penaeus aztecus . brown shrimp - 2 33
Peprilus triacanthus butterfish 112 . 260 30
. Pholis gunnellus rock gunnel . 4 2 67
Pinnotheres maculatus . pea crab . - 5. 0. 100
Polinices duplicata ) _ Atlantic moon snail [© | " - .0 2 0
Pollachlus virens pollock - . 3 . 1 75
Pomatomus saltatrix bluefish 18 37 33
Prionotus carolinus northern searobin 2 0. 100
Prionotus evolans . striped searobin 9 7 56
Pseudopleuronectes americanus winter flounder 7 29 19
Raja spp. skate . 0 2 0
Scophthalmus aquosus . windowpane 5 18 22
Sphoeroldes maculatus northern pufTer 1 1 50
Stenotomus chrysops scup . 0 2 0
Syngnathus fuscus northern pipefish 264 138 66
Tautogolabrus adspersus cunner 32 16 66
Tautoga onliis tautog 10 4 )|
Trachurus lathami rough scad - 2 3 40
Trinectes maculatus hogchocker "o 2 0
Urophycis regla spotted hake 1 (] 100
Urophycis tenuis ) white hake 2 1 67




Table 3. . Millstone Unit 3 sluiceway cfficicncy for the ten most abundant fish and the eight most

abundant invertebrate species.

Fishes

) Common Sluiceway Debris °~  Percent
Species Name Trough Trough. Efficiency
Syngnathus fuscus northern pipefish 264 138 66
Pepritus trlacanthus butterfish 112 260 30
Anchoa mltchilli bay anchovy 81 100 45
Menldia menidia - Atlantic silverside 49 40 55
Gasterosteus aculeatus threespine stickleback 14 14 S0
Brevoortia tyrannus * Atlantic menhaden 61 27 - 69
Myoxocephahts aenaeus grubby - 23 27 46 .
Pomatomus saltatrix bluefish ‘ 18 37 k]
Tautogolabrus adspersus cunner 32 16 66
Pseudoplcuronectes americanus winter flounder 7 29 -19
All abundant fishes combined - C e e 66T T T e 688 T 89 - e T

‘Invertebrates
Cancer Irroratus L rock crab " "o T ] 286 289" .50
- Lidinia spp. - - spider crab . ) 56 170 <25 :

Ovalipes ocellatus . lady crab 134 Kz 64
Carcinus maenus . green crab 36 107 25
Neopanope texana mud crab 27 38 4]
Homarus americanus American lobster . 13 3 33
Callinectes sapldus blue crab 3 15 17
loligo pealel Atlantic Jong-finned squid 170 171 50
All abundant invertebrates combined ) 725 899 4s
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- Table 4.

Comparison of mcan lengths of organisms collected from the sluiceway and debris at

Millstone Unit 3 from May 86-April 87. _
: SLUICEWAY DEBRIS
Fishes
o . Mean . Mean

Species Common Number kngth Number length

oo name measured (mm) measured {mm) ot
.Syngrpalhu: Juscus northern pipefish 189 142 1g - 154 0.0007 **
Pepritus triacanthus butterfish 82 53 243 58 0.1886 ns
Anchoa mitchilli bay anchovy 44 40 .13 52 © 0.0001 **
;‘llenldx'a menldia Atlantic silverside 58 32 T34 83 0.3975 ns
‘Gasterosteus aculeatus threespined stickleback 68 48 13 50 0.5131 ns-

_ Brevoortla tyrannus Atlantic menhaden 38 38 26 46 0.1656 ns
Myoxocephalus aenaeus grubby k. 72._ 26 76 03668 ns
Pomatomus saltatrix bluefish 12 53 25 54 0.8243 ns
Tautogolabrus adspersus cunner ) 29 S0 15 40 0.0725 ns
“Pseudopleuronectes winter Mlounder 6 133 29 201 ,0.0282 *
americanus
ail abundint fishes combined T g TR T T 02" T T T T T 0.6300 ns

Invertebrates

Cancer bro'mtu;- rock crab- '21'2 17 185 LT 22 '_ 0.0001 **
Libinla emarginata spider crab 47 21 168 36 0.0001 **
Ovallpes ocellatus lady crab 101 14 77 27 0.0001 **
Carclnus maenus green crab 33 23 108 30 0.0126 *
-Neopanope texana mud crab 20 16 38 18 *0.1365 ns
Homarus americanus American lobster 14 57 32 59 0.4873 ns
Callinectes sapidus blue crab 3 138 15 ns 0.4910 ns
all abundant crustaceans combined . 430 19 623 31 0.0001 **
Loligo pealel long-finned squid 122 55 . 166 69 0.0163 *

- ns - no significant difference

* . significant dillerence (p <0.05)
** - highly significant difference (p<0.001)
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Frequency of Winter Flounder-

1035 20 25 30 35 40 10 15 20 25 30 35 40 LENGTH (CM)
F— SLUICEWAY — l——DEBRIS —

‘Figure 1. The length frequency of winter flounder collected from the Millstone Unit 3 sluiceway and the debris |

hopper from May 1986 through April 1987.

Because of the wide size range in the winter flounder lengths, data was separated by sizc class (Fig. 1).
Only small immature winter flounder were collected in the sluiceway trough, while all size classes were |

found in the debns.

A siéniﬁcan! différcncc (p <0.001) in the mean size of all crustaceans was found between thosc collected
from the sldiccwgy and debris. The American lobster and mud and blue cxz{bs were the only crustaceans
for which the mean length of those found in the debris was not different from those in the sluiceway.
Except for the blue crab, the mean lengths of crustaccans found in the debris were larger than thosc in

the sluiceway. Crustaceans probably used their appendages to hold onto the traveling screens, so that
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~ morc smaller crabs were washed off the screens by the low pressure spray than lérgi:r ones Squid found

in the debris samplcs were signficantly larger than thosc found in the sluiccway samples.

Organisms collected from the sluiceway were held in the laboratory for 72 h to determine their survival.

In general, demersal fish and crustacean grodps had the greatest survival (Table 5). Survival of demersal,

fish was best when water temperatures were cool (88%) or warm (85%)-and -was somewhat less during

" cold (73%) periods. Survival of crustaceans did not vary with temperature (86—88%) Few pelagic fish

or squid survived unpmgemcnt and sluiceway passage; most of thcsc organisms dicd within thc 72-h

holdmg pcnod. Most of the pelagic fish were collected during the warm-water period.

" “The tén most abimdah:t.ﬁéh collected in the study had various rates of survival dcpcr;d'mg on whether they

were demcrsal or pe]ag:c (Table 6). Nosthemn pxpef sh had high initial (>95%) and thxce-day survxval

“(>90%) These fish have an mtcgument armed with~rings which probably enhanced survival. The

threespine sticklcback, a smal] SPCCICS with hard body plates, also had high (>70%) survival in the
sluiceway. All grubbies survived impingement and only one died after the three-day holding period. The
cunner had a high rate of initial survival (>90%) and most survived the holding period (>85%). All
the winter flounder were collected alive and survived through the holding period (100%). Few butterfish
survived impingement (16%) and almost none (2%) survived past 72 h. Most butterish collected were
small and according to -Mansucti (1963), small butterfish arc commensal with jellyfish. Many of the
butterfish were impinged along with host jellyfish which drifted into the ixita!;e. Mortality was probably

due to the fragile naturc of these small fish simultaneously impinged with large masses ‘of jellyfish. The

survival of other species may also have been affected by the Jarge masses of jellyfish impinged during May

through July and in October during this study. The remaining fish that dominated the collections, (bay

12



Table'S.  Percent initial and extended survival for groups (body type and water temperature) of
"organisms taken in the ‘Millstone Unit 3 sluiceway from May 86-Apnil 87.

ﬁody type Tempcerature Number Initial Survival ét Survival at  Survival at
. group group . examined  survival (%) 6 h (%) 24 h (%) 72 h (%)
crustaccan cold 8 . 87 87 87 87
cool : kX) 9] 91 88 88
warm - 446 90 89 87 86
. “demersal  cold ' 94 79 o7 7 - 73
cool 131 92 91 - 90 88

warm 191 92 87 - 85 85

pélagic  cold - 50 12 8 . .4 2
Y - " eool 44 . 18 - 4 4 2
) warm - 206 . 12 : 2 r - 1
squid cool ' 1 9 0 0 0

warm 124 9 . 6 2 0

13



Table 6. * Millstone Unit 3 sluiceway survival by specics following various holding pcﬁods.

- Body {7e) (%) (%) Ay
Common Type, Number Initial Survival Survival Survival
.Species Name . Group Examined Survival at'6éh at 2s8h  at 72h
Alosa pseudoharengus alewile P 1 0.0 0.0 - 0.0 0.0
Abeterus schoepfi orange filefish P 1 100.0 1000 0.0 . 0.0
Ammodytes spp. sand lance P 6 333 333 333 16.7
_Anchoa mitchili . bay anchavy p 62 1.6 0.0 0.0 00 -
Apeltes quadracus fourspine stickleback D 1 0.0 0.0 0.0 0.0
Brevoortia tyrannus Atlantic menhaden L 54 0.0 .0.0 0.0 0.0
Callinectes sapidus . blue crab C 2 1000 100.0 100.0 100.0
Cancer lrroratus rock crab C 246 870 858 83.7 829
“Carcinus maenus . green crab C 35 80.0 77 71.4 773
Centropristls striata black sea bass D 1 100.0 100.0 100.0 100.0
" . Clupea harengus Atlantic herring P 1 00 0.0 0.0 0.0
" Conger oceanicus conger eel D 2 100.0 100.0 0.0 0.0
Cyclopterus kempus Jimpfish D 1 0.0 0.0 -0.0 0.0
Cynosclon regalis weakfish P 3 -0.0 0.0 0.0 0.0
" Enchelyopus cdmbrius fourbeard rockling D 3 66.7 66.7 66.7 66.7
-Engraulls eurystole - silver anchovy r 1 0.0 0.0 00 . 00
Etrumeus teres - round herting P 1- 0.0 0.0 0.0 0.0
Gadidae codfish r 1 0.0 0.0 0.0 0.0
Gadus morhua Atlantic cod p 1 0.0 0.0 0.0 0.0
Gasterosteus aculeatus thrcespined stickleback D 4 730 nse 716 7.6
.Gasterosteus wheatlandi blackspotted stickleback D 9 100.0 100.0 100.0 1000 -
Homarus amerlcanus American lobster C 14 92.9 929 85.7 85.7
LUibinia_spp. spider crab <o C L 81 918 9797 95.F - 936 - - oL
Loligo pealei " Atlantic long-finned squid” ~ T3 I k1 89 39 332 00~ "7 T
Menidia menldia Atlantic silverside P 68 22.1 29 1.5 0.0
‘Merbuccius bilinearis silver hake P 3 333 0.0 0.0 . 00
Mlerogadus tomeod Atlantic tomcod D . 4 75.0 50.0 25.0 0.0
-Monacanthus hispldus - . planchead [filefish c .. P 1 100.0 100.0 100.0 100.0 Ty
Myébxocephalus aenacus grubby : n 34 100.0 100.0 .100.0 97.1 Coart
.Neopanope texana . mud=rab D . 22 864 864 86.4 864 :
Ophldion marginatum striped cusk-eel D . 2. 1000 100.0 100.0 100.0 )
Osmerus mordax rainbow smelt 1 4 8 25,0 25.0 12.5 12.5
Ovalipes ocellatus lady crab Cc M ] ) 96.5 93.8 92.9 903
Pogurus longlcarpus hermit crab (small) C 2 1000 1000 1000 1000
Pagurus polficaris hermit crab {large) C 1 100.0 100.0 100.0 100.0
Paralichthys dentatus summer flounder D I+ 1000 100.0 100.0 100.0
DPenaceus aztecus brown shrimp C 1 100.0 100.0 100.0 100.0
- Peprilus triacanthus butterfish . P 87 16.1 34 34 23
‘Pholis gunnellus rock gunnel D 5 80.0 800 | 30.0 230.0
Pinnotheres maculatus peacrab - C 4 100.0 100.0 100.0 100.0
Pollachius virens pollock * P 3 333 333 333 333
Pomatomus saltatrix bluefish p 14 429 7.1 0.0 0.0
Prionotus carolinus northern searobin D 1 - 1000 0.0 0.0 0.0
Prionotus evolans striped searobin D 9 88.9 71.8 66.7 66.7
Pseudopleuronectes americanus winter (lounder D . 6 100.0 100.0 100.0 100.0
. Scophthalmus aquosus windowpane D -] 80.0 80.0 80.0 80.0
Sphoeroldes maculatus porthern puffer D 2 500 0.0 0.0 0.0
Syngnathus fuscus northern pipefish D 210 952 924 914 910
Tautogolabrus adspersus cunner D 28 929 929 929 85.7
Tautoga onitls tautog D - 8 100.0 100.0 100.0 100.0
Tyachurus latham? rough scad I id 1 0.0 0.0 0.0 0.0
Urophycls regia spotted hake r 1 0.0 0.0 0.0 0.0
Urophycts tenuis -white hake P 1 0.0 0.0 0.0 0.0
' p=peligic
D =‘:!ccmcrsal
C = crustacean
S =squid

14
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anchovy, Atlantic silverside, Atlantic menhaden and small juvénile bluefish), arc-pelagic spci:ics and none

" :'of these individuals survived the three-day holding period.

"Of the cigfzt dominant macroinvertebrates collected, all of the crustaceans had high survival rates while no

squid survived the holding period (Table 6). Survival rates ranged from 77% for the green crab to 100%

for the blue crab.  The American lobster, the most commerially important invertebrate found in local

- watcrs, had a high three-day strvival (86%). In general, crustaceans that were molting when impinged

suffered high mortality. A few Atlantic Jong-finned squid survived impingement, but nonc survived the

. three-day holdix;g period. This species i.;. fragile and based on laboratory observations, somec latent mortality

" of squid, particularly larger ones taken in the fall, may have been due to stress imposed during the holding

e eer e I T Cwnae teeemm emmalem s paemit a n e en T e s 0 e
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Discussion

The Unit 3 fish return system is a.complex two-trough system. The low pressure spray wash should be
sct to maximize the return of aquatic organisms and minimize the flow of debris back to Long Island
Sound. A 100%:return of all aquatic organisms would be unrealistic, but the calculated 41% rcturn rate
__n::vca]cd that the system may need adjustment. In gencral, the size of aquatic organisms rcturncd in the
sluiceway trough was sfna]lcf than that of those entering thc debris hopper. This indicated that larger

‘organisms were not being clectively washed off the screens by the Jow pressure spray. - The spray headers

-may have to be realigned or the pressure increased to improve the efficiency of removal.

15
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B _' Results of the sluiceway survival study were cnco'uraging.; These findings were conservative in th-at. no
" control specimens were used to ascertain moriality due 1o handling and holding in the laboratory. In
) addmon, all injured specimens were considered dead although some may have recovered if released

C- unmedxately Thus, actual sumva] for most species is probably grcater than reported. Sumval of most

organisms classified as demcrsal and as crustaceans exceeded 80%. These groups include the commecrically
and recreationally important winter flounder and American lobster. . -

-

Pelagic ﬁsﬁes, which include herrings, small forage fishes, and young of predatory species, and squid

suffercd almost complete mortality. Most of these species were impinged during the summer, when warm

water temperatures and concurrent impingement of large masses of jellyfish tended to reduce survival.

-Mariy_years .of .impingement "data.collected -at-MNPS -Uniis 4 and 2 indicated that these species rarely

survived the impingement process (NUSCO 1983).

- -

“The rates of survival found for various specics and groups during this study were similar to those reported

for the MNPS Unit 1 sluiceway (NUSCO 1986). Survival rates of the more abundant species collected

at 'Unit 3 were the same or higher than found at Unit 1, except for the threespine stickleback and rock

" and mud crabs, which bad slightly lower rates (Table 7). The survival rates for American lobster, northern

. pipefish, and cunner were much higher at Unit 3 than at Unit 1. A high proportion of molting lobsters

was collected during the Unit 1 sh'xiccway study (NUSCQO 1986), which could have accounted for the
differcnee in the survival rates for that species. At Unit 1, impinged organisms are washed from the screens
using a high pressure spray (80 psi), while those at Unit 3 are washed with a low pressure spray (10 psi).
As many survival rates were similar at different pressures, this indicated that the process of hnpingemcnt

on the traveling screens alone may have caused much of the mortality.
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Table 7. Cc;mparison of extended pereent survival of agqualic 6rgaﬁisms rewinéd at Millstone Unit 3 and Unit 1.

—v—— - e

* Common Percent Extended Survival

Species Name Unit 3. Unit 1
Arichoa mlichllli bay anchovy 0 0
Brevoortia tyrannus Atlantic menhaden 0 0
Callinectes sapldus blue crab 100 86
Cancer lrroratus rock crab 83 92
Carclnus maenus green crab 7 62
Gasterosteus aculeatus threespine sticklcback 72 \ 91
IHomarus americanus American lobster 86 38
Ubin!a'spp. spider crab T 94 71
_ loligo pealet ) Atlantic long-finned squid o o

Menldia menldia Atlantic silverside

Myoxocephalus aenaeus grubby 97 . 74
Neopanope texana mud crab -8 100
Ovalipes ocellatus lady crab ) 90 ) 81
- Peprilus triacanthus butterfish 2 0
Pomatomus saliatrix bluefish ] 0
. _:Dseudopleutonectes americanus- winter flounder 100 .86
*  Syngnathus Juscus northern pipefish 91 : 16
Taulogalaém: adspersus cunner - 86 20




.. Results of imping‘cqu;t sunﬁval studies at o'thér northeastern Atla'nticA c'oastal and estuarine p'owéf stations
_were summarized on Table 8 and'corﬁpa'rcd to resulps of this study. -Findings were similar even though
sampling methods and planluc'xpcra.tions differed among the studics. Gcncfa]ly, pelagic fishes had high
morl-alily fates ané demersal fishes and émstaccdns had good survival. Survival .of fish from MNDPS Unit
3 appcars to be similar 1o that found at Brayton Point, MA and greater than at Pilgrim, MA for similar
wash cycles. Initial survival for demcr.;al species was similar to that at Qyster Creck, NJ, even though

less time elapsed between screen washes there.

‘Conclusion

Further work is needed to imprave the efficiency-of the fish return sluiceway system. l.f fcasibic; the low
pressure spray wash system may require adjustments to wash more organisms into the sluiceway while at
the same time preventing the recirculation of excess debris. Although work is needed to improve efliciency,
survival of those organisms returned was high, especially for demersal fish and crustaceans. Following
improvements to the MNDPS system, the projected survival of ifnporta;xt fishes and invertebrates would

further decrease the impact of impingement on the Jocal aquatic community.
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. Tabje 8. Cocparises of farz Ire= 2oninge=ens survival stuvdies at other northeastern vover stations.

Pover Station

Scecies

Bovline, NY

2rayton Point, MA

Danskazmer Poiac,
b 24

" Ogscer Creek, X3

e . o W v

Pllgrizm, MA

Pilgrin, MA

Roseton, NY

vaite percd
vaite perch

atlastic silvezside
Atlansic silverside
viadovpane
vizdovpane

vizzer flouzcer «
vizzes Llounder

vhite perch

- veite perch .

Atlaatie toseed
Atlarric tomcod

bluetack hezTing
Atlacele herzizg
bay aschovy
Aclaczic silverside
gorthers adpefish”
stTiped searchin
soallsoutk flounder
viater Ilounder
b1lue cTad

derTings

Atlantic silverside
s2izbov smel:

tkreespine stickleback

cuater
gTuddy
wvizter Sloundes

‘porzhers puffer

Atlantic silverside
gruddy
vizter flounder

vhite perck
vhice perch
Atlantic toceod
Atlancic toecod

Species Hash Boléding .
£T8UD cvcle(h) .period(h) I Surcival Remarks Reference
? 0b 96 56 Not adjusted for King et al.
4 4 96 19 concrol corzalicy, 1977
vhick vas high.
P ] 26 47 YP1 1982
) 4 2-12 24 1-10
] [ 24 a3
] 8 k13 66
D 0-8 2 90-24
D 12 2L 23
4 o 84 &0-31 Adlusted for King et al.
) 4 & 13 9 conzzol mortalicy. 1977
] [ ‘84 83 :
D 2 84 87
| 4 2 Yone© 17 Only tncluded Tatham et al.
4 2 None® 8 au=ber of live 1977
P 2 Kone® 7 specizens reporcted
4 2 Bone: k3 for P group, since
D . .2 Yone 90 most danaged indivi-
] T2 ¥one - 82 duals’ apparently
D 2 Yone 3 vere in poor eondition.
] 2 None 35 For D and C groups,
c 2 Bone 93 coctined numder of
. live anc damaged since
. . latzer vas minor and
. . d1¢ sot affect survival.
)4 8 56 0 . MRI 1984
? s 56 0 .
P ] 56 0
D 8 1 2 .
D 8 56 1
D 8 56 38
] 8 56 15
] 8 56 6
| 4 ] 56 3 Dz2ts combined for Anderson
D 8 56 30 1985-35 studies. 19852,b
D 8 56 33 :
4 0 84 28-60 Adjusced Zor King et al.
| 4 & 84 23-36 cortTol morezlity. 1977
D 0 1} 81
D 2 .13 72 °

® » tndicates peiagic, DAJc-e:sal. and C crustacean

b 0 indicates continuous vash

€ Irmediate survival estizates given as relatively fev specizens held for delayed mertalicy
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 RORTHEAST UTILITIES

R R et ’
: -:"e-::-«&-:-.'c*x LaTa L Towe . PO.BOX 270
. I3t aaEseTute TOveane * . HARTFORD. CONNECTICUT 06141-6270
. et s s e -(203) 665-5000
R L PR T NMPE NG .

.2e~2raf Clfices » Selden Street, Berlin, Connecticut

January 29, 1988
" DG1830

Ms. Leslie Carothers, Commissioner
Department of Environmental Protection
State Office Building

165 Capitol Avenue

Hartford, Connecticut 06115

References: 1. NPDES Permit No. CT0003263 (Order No. 2859), Northeast
‘Nuclear Energy Compzny, Millstone Nuclear Power Station,
Units 1, 2 and 3. .

2. Letter (D01595), E. J. Mroczka to L. Carothers, dated
July 31, 1987. ’

3.  Letter (C01588) from R. J.. Barlow to J. F. Opeka, dated-
November 23; 1987. - :

Dear Commissioner Carothers:

Millstone Nuclezr Power Station'
Modified Ecoloaical Monitorina Program for 1988

.‘Paragraph 12 of the Millstone Nuclear Power Station NPDES permit, Reference 1,

requires that on or before July 31, 1985, and annually thereafter, Northeast
Nuclear Energy Company (NNECO), submit to the Commissioner of the Department
of Envircnmental Protection (DEP), a study proposal covering biological
studies, eatrainment studies and impingement monitoring as directed in
paragraph 5 of the NPDES permit. Accordingly, Northeast Utilities Service
Company (NUSCO), as agent for NNECO; submitted a proposal in fulfillment of
this requirement, Reference 2. Upon review, the DEP requested that the
ecological monitoring effort be maintained at 1987 levels but agrees that
impingement monitoring at Unit 2 can be discontinued, Reference 3. In
addition, the DEP requested that new studies on the impacts on winter flounder

" and other fishes be included in the proposal.

In response to DEP’'s requests, NUSCO hereby submits on béha]f of NNECO, a

modified proposal (Enclosure 1) and a justification for the additional studies
proposed to satisfy DEP concerns (Enclosure 2). Also included (Enclosure 3)
is the information DEP requested covering Unit 3 impingement monitoring.
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Ms. Leslie Carothers, Commissioner
D01830/Page 2
January 29, 1988

If after reviewing the submittals you have further questions, please call.Mr.
Paul M. Jacobson, Manager, NU Environmental Laboratory, at (203) 444-4239.

Very truly yours,.

NORTHEAST UTILITIES SERVICE COMPANY
As Agent for Northeast Nuclear
Energy Company ]

£ . ' '
' SenieéwSice President
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Enclosure 1 to Letter No. D04716

'REASSESSMENT OF IMPINGEMENT EFFECTS ON WINTER
FLOUNDER AT MILLSTONE NUCLEAR POWER STATION

NORTHEAST NUCLEAR ENERGY COMPANY
MILLSTONE NUCLEAR POWER STATION
| NPDES PERMIT No. CT0003263

Northeast Utilities Service Company
- PO Box 270
Hartford, Connecticut 06141-0270
' June 1991
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Background

The output from a stochastic model t6 determine the effect of the three-unit Millstone Nuclear

Power Station (MNPS) operation on the local Niantic River population of winter flounder was

" recently provided in NUSCO (1991a) with several other impact assessment results to'the -

Connecticut Department of Environmental Protection (CI‘ DEP). The conditions for the model

- térmed “Simulation A” were sum]ar to the deterministic model used in the MNPS 316(b)

demonstration (NUSCO.1976), exccpt 1hat thc recent modehn g efforts were only concerned with

" the impact of larval winter flounder entrainment at MNPS. The deterministic model in the 316(b)

demonstrauon included both the effects of entrainment and impingement on the local Niantic River
winter flounder stock and attributed a considerable amount of the predicted impact to impingement.
As miore recent information on impingement at MNPS was deemed necessary by CT DEP, annual

“estimates of winter flounder impingement were re-examined to provide information necessary to

further update the impact assessment models. The objectives were to provide current estimates of
impingement, taking into account past records, more recent changes in MNPS opémtion, and
vérying abundance of winter flounder. Realistic estimates of age- and gender-specific A
fimpingemcnt mortality allocated to the Niantic River stock were calculated and incorporated into
Simulation A and other assessment models.

Conceptual Approach and Sources of Information

Impingement is presently not being monitofed at any of the three MNPS units. Sampling at Unit 1
was discontinued following the installation of a fish return sluiceway in December 1983. Because
impingement losses were well-documented and feasible mirigation measures were incorporated,
monitoring at Unit 2-no longcr served a practical purpose and sampling at Unit 2 ended in

December 1987. The final 2 years of sampling at Unit 2 resulted in relatively low impingement

estimates for many species, which was attributed, in part, to the start-up of Unit 3 in early 1986.
Historical winter flounder impingement data (see NUSCO 1987b for a summary of sampﬁng
methodologies and estimation procedures) were reviewed to determine what factors may have been
important in influencing impingement and whether predictive regression models could be
constructed to estimate present levels of impingement at all three unis. I;flpingemcnt estimates had
been made for Unit 1 from 1973 through 1983 and for Unit 2 from fall 1975 through 1987 and
length-frequency data of 'i.mpinged fish were recorded from 1976 through 1987. Data on cooling- -
water flow used by each unit were available for 1976 through 1990. For this report, impingement

2



-estimates for Units 1 and 2 were also generated for each quarter (winter: January-March; spring:

April-June; summer: July-September; fall: October-December) of every year.

Iinpjngérrxcnt of winter flounder was previously shown to have been highly seasonal (NUSCO

- 1987a: Table 29) size-specific (NUSCO 1987a: Table 31), dependent upon plant operations, and
o grcatly affected by environmental variables such as water temperature and wind velocity (NUSCO

1987a Table 30). Despltc the many factors affecting impingement, the number of fish impinged
has to be related in some way to the number of fish available in the vicinity of a power plant. In

' other words the niumbers of winter flounder impinged must be related to the annual relative

abundancg of their population in the area. Preliminary analyses indicated that impingement of -

: winte flotinder at MNPS was perhaps related to their annual trawl catch in Niantic Bay (Fig. 1).
' Therefore, data from the two-unit operational period (1976—85) were examined to determine if
“trawl catchiés could reliably be used to predict estimates of impingement. Information on the

abundance,of winter flounder near MNPS was provided by a long-term trawl momtoqng study o

28+

_ Annual MNPS impingement estimate =

oad - 6844.3 + 9.3906 (annual NB traw! catch)
E . _ : . ®

2 - 0.63

IMPINGEMENT AT MNPS INTHOUSANDS

0 — — T T T T T T 1

9 11 13 15 1719 21 23 25 27 29
TRAWL CATCH AT NB IN HUNDREDS

Fig. 1. Reladomﬁp between the estimated annual impingement of winter flounder at MNPS Units 1 and 2 with the total

" annual catch of winter flounder at trawl station NB for 1976 through 1985.
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(see NUSCO 1991c for methods), which has remained unchinged since 1976. - As trawl sampling
effort was nearly the same for all years, annual and within-year quarterly sums of winter flounder
catches were computed for each trawl station and for various combinations of stations. The
relationship between annual and quarterly trawl catches and corresponding annual and quarterly
iiﬁpingémént estimiates were then investigated using linear regression analysis.

Orice historical estimates of impingement were summarized and predictions of impingement in

" more recent years were obtained using the best regression models, mortality estimates were made

using infofmation on the effectiveness of fish return sluiceways at Units 1 and 3 (NU SCO 1981,

11986, 1988b§ Mortalitics were allocated to age and sex groups by using available information on-
-thc gcnder and length-frequency composmon of thei nnpmgcment catches. . The risk of

impingement for winter flounder spawning in the Niantic River was evaluated usin g information

provided by the recapture of fish tagged with Peterson discs, summarized in NUSCO (1987a) and
_ from female spawning population abundance estimates given in NUSCO (1991b). Annual

mortalxty ratcs as a result of impingement were determined for female winter flounder of ages 0

- through 4+ these values were converted to eqmvalent instantaneous rates for use in simulation

models. The effect of both larval entrainment and impingement of juveniles and adults as a result

‘of MNPS operation were assessed using the Simulation A modeling scenario as outlined in
NUSCO (1991a). ' '

Estimates of Impingement and Impingement Mortality

Unit 2

Estimation of g:urrént impingement at Unit 2 was the first priority, because it was the only unit at
which sampling took place after Unit 3 bégan operating (1986-87). Thus, regression model
predictions could be compared with estimates actually generated from sampling under present
operating conditions. Furthermore, the only concurrent impingement data for Unit 3 were
available from Unit 2 from a comparative impingement study done in 1987 (NUSCO 1988a).
These data would enable the prediction of impingement at Unit 3, based on estimates made for Unit
9. A

A preliminary examination of the impingement catch of winter flounder at Unit 2 showed that
following the start-up of Unit 3, a significant (p<0.0001; adjusted least-squares means t-test)
decrease occurred in impingement. As a preliminary analysis showed that the total annual catch of
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winter ﬂdqnder at'the Niantic Bay (NB) trawl station appeared to be correlated with impingement
(Fig. 1), it was also assumed that the annual impingement éstimatcs at Unit 2 from 1976 through

' 198_5 (prior to Unit 3 opération) were dependent upon the corresponding annual catch of winter

flounder at the NB,‘trawl station. For the regression model, impingement was found to be
significantly related to the catch of winter flounder at NB (Fig: 2):
Annual Unit 2 impingement estimate = -1347 + 3.6844(annual NB trawl catch).

>

10’.

L. ) _ ®
a Annual Unit 2 impingement estimate =
gl-' 1 =1347 + 3.6844(annual NB trowl catch)
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Fig. 2. Regression model illustrating the prediction of impingement at MNPS Unit 2 from the catch of winter flounder at

- trawl station NB from 1976 through 1985. Actual values are shown by the filled circles and the predictive linear regression

by the solid line. "

In an attempt to refine the regression model, quarterly impingement estimates were used with
quarterly trawl catches for NB and other trawl stations alone or in various combinations. Trawl
and impingement catches were also partitioned in various length groupings. However, no

- satisfactory results were achieved with these regression models, probably because of high
_sampling variability within seasons and perhaps due to temporal lags between the abundance of
‘winter flounder in Niantic Bay and in their impingement over the course of a year.
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“TABLE 1. Estimiated impingement and impingement mortality of winter flounder at MNPS Unit 2 from 1975 through

1990.
. Impingement estimated  Impingement estimated Reductiondueto = Total impingement
Year from actual sampling* from regression model Unit 3 operation® mortality®
1975 357 - - 357
1976 © 2692 1987 - 2692
1977 4604 3329 - 4604
1978 3184 4437 - 3184

- 1979 10076 8428 - _ 10076
1980 3577 5366 - 3577
1981 6207 6386 T - 6207
1982 2733 2348 : , - : 2733
1983 6211 6309 : ‘ - 6211
1984 2541 3800 _ . - : 2541
1985 2770 2304 . - 2770
1986 1108 3122 2014 1108
1987 634 1376 742 634
1988 - 1600 . 800 800
1989 - - 1814 907 907
1990 - 1048 524 524

1 Values for 1976-85 used in the Unit 2 regression model (see text).

b For 1988-90, the estimates from the regression model were reduced by 50% (conservatively estimated from

. reductions noted in 1986-87) 1o account for Unit 3 operation.

"€ For 1975-87, total impingement mortality is equal to actual sampling estimates and for 1988-90, the regression-predicted

values minus the reduction attributed to Unit 3 operation for 1988-90. No fish survive impingement at Unit 2.

The predictive regression model enabled the estimation of impingement at Unit 2 following the end
of sampling there by using recent trawl catch data (Table 1). Furthermore, 2 years (1986 and
1987) of data existed for Unit 2 for which the model-predicted estimates could be compared to
actual sampling-generated estimates following the start-up of Unit 3. As mentioned previously, a
noticeable reduction occurred in winter flounder impingement at Unit 2 once Unit 3 began
operating. The sampling-generated estimates for 1986 and 1987 were about 35% and 46%,
respectively, of the regression model-predicted estimates. Thus, regression model predictions for

 Unit 2 for 1988-90 were conservatively reduced by 50% to account for present impingement

conditions at MNPS. As no fish return system exists at Unit 2, no impinged fish survive there.

Unit 1

Simple linear.regression models of impingement estimates for Unit 1 and trawl catches had poor

-fits and non-significant regression parameters. This was most likely a result of several years of
lengthy shutdowns at Unit 1 during the winter quarter, when most winter ﬂQu'nder were impinged.
~ Consequently, a weighted average annual cooling-water flow term was added to the model to



account for the less than expected impingement for those years Quarterly weight factors were

‘used in calculating mean annual flows to account for the highly seasonal nature of winter flounder

impingement. The factors were based on the average quarterly proportions of impinged winter
flounder, which were 0.616 for winter, 0.194 for spring, 0.037 for summer, and 0.155 for fall.

- These weight factors meant that plant operation in winter was much more important in determining
. annual winter flounder impingement than its operation during summer. The addition of the

weighted annual mean flow term greatly improved the predictive regression model for Unit 1 (Fig.
3):
Annual Unit 1 impingement estimate = -11348 + 5.3025(annual NB traw] catch) +

3.9115(weighted annual mean intake cooling-water volume).

Similar to Unit 2 results, no improvement in the Unit 1 multiplé regression model resulied from
partitioning trawl and impingement catches by quarter or length-frequéncy groups or by adding
data from other trawl stations.

Y
a Annual Unit 1 impingement estimate = . .
g 12'_ —11348 + 5.3025(annual NB traw! catch)
2 + 3.9155(annual mean intake volume)
2 :
; 10- R? = 0.65 *
- %
- ,
= 81
o ®
- ]
*
2 * .
g ¢ y
= L ] * ®
Li ] *
e ~ ;
[
=
- 0 " L4 L 3 L} & L] L 4 l. ¥ L] )

5 7 9 11 13 15 17 19 21 23 -25 27 29
TRAWL CATCH AT NB IN HUNDREDS

Fig.; 3. Regression model illustrating the prediction of impingement at MNPS Unit 1 from the catch of winter flounder at
trawl station NB from 1976 through 1983. Actual values are shown by the filled circles and the model predictions by the

stars.



Because no cofnpam’tivc impingement data were available after the start-up of Unit 3, no reductions
were made to the model-predicted estimates (Table 2). Winter flounder impinged at Unit 1 have
been returned to Niantic Bay since 1984 in a fish return sluiceway; estimated mortality due to
impi'ngcmcnt'and sluiccwéy passage was conservatively estimated as 15% (NUSCO 1981, 1986,
1988b). Additional mortality was also assigned whenever necéssary as the sluiceway was
periodically taken out of service, mostly because of high seaweed or debris 1oading that adversely
affected plant operation (NUSCO 1990). This mortality was estimated to be 100% mortality of the
winter flounder taken during the ﬁacuon of each quarter that the sluiceway was not in operation.

A TABLE 2 Esumatcd xmpmgcmmt and impingement mortality of winter ﬂoundcr at MNPS Uml 1 from 1973 through 1990.

Impmgcmem estimated Impmgement estimated Survxval due to Total impingement
Year ’ from_ actual sampling" from regression model sluiceway operationb mortality®
1973 6220 - 0 6220
1974 3735 - 0 3735
1975 2605 - 0 2605
1976 2965 - 2291 0 2965
1977 3017 . 4657 0 3017
-1978 4491 5061 0 4491
1979 13467 10077 0 13467
1980 3603 6139 0 3603
1981 1432 1971 0 1432
1982 6141 2961 0 6141
1983 7257 9192 0 7257
1984 - 4481 3807 674
1985 - 3060 2465 595
1986 - 5045 4067 978
1987 - 2082 1665 - 417
1988 - - 3080 2465 615
1989 - 2176 1149 1027
1990 - 1752 924 828

,‘ Values for 1976-83 used in the Unit 1 regression model (see text).

b Accounted for variable operation of fish return system and 85% survival in the fish return sluxceway
€ For 1973-83, total impingement mortality is equal to actual sampling estimates and for 1984-90, the regression-predicted
values minus the survival due to the fish retumn sluiceway. .

Unit 3

No complete impingement sampling data were available for Unit 3. However, in February-May
1987, 23 comparisons of 24-hour impingement counts were made between Units 2 and 3
(NUSCO 1988a). Comparing the sums of these catches, about 1.74 winter flounder were
impinged at Unit 3 for each one at Unit 2. This valie was quite similar to the 1.66 to 1 ratio of
cooling-water volumes between the two units. Consequently, annual Unit 3 impingement was

predicted by multiplying Unit 2 estimates by 1.74 (Table 3). ‘Unit 3 has both a trash trough and a



TABLE 3. Estimated impingement and impingement mortality of winter flounder at MNPS Unit 3 from 1986 through 1990.

Estimated impingement- Estimated impingement Survival due to Total impingement
Year at Unit 2 at Unit 3" ' sluiceway® mortality®
. 1986 1108 1928 590 1338
1987 634 1103 335 768
1988, 800 1392 546 846
1989 907 1578 1056 522
1990' 524 . 912 . 108 804

* Umt 3 ‘impingément was estimated as 1.74 times the cotrspondmg annual estimate for Unit 2 (see text).
Accounted for variable fish removal efficiency and 85% survival in the fish return sluiceway.
® Total i impingement mortality is equal to the estimated lmpmgcmcm minus the survival due to the fish retum sluiceway.

' 'ﬁsh return sluiceway, but the efﬁmcncy of the ﬁsh removal system has varied considerably. The
.'removal efﬁmency (i.e., fraction of fish washed i mto the fish trough) was less than expected for the
first _fcw years of Unit 3 opcranon. system effi cxcncy was estimated as 36% in 1986-88 (NUSCO
; 1988c); 79% in 1989 (NUSCO 1989b); zero for the first half of 1990 (fish sprayers out-of-
- .service); and 79% and 74% for the th1rd and fourth quarters of 1990 respectively (NU SCO 1990).
Thus, impingement mortality was determined as a function of both system efficiency and the 15%
mortality (NUSCO 1981, 1986, 1988b) assigned to fish entering the sluiceway.

Allocation of Impingement Mortality to Gender and Age

The MNPS winter flounder impact assessment models used to date have been age-structured
femalc—only models (NUSCO 1991a). Information on the gender of impinged winter flounder was
collected in February-April 1982 and December 1982 through April 1983 (NUSCO 1987a). The
sex.ratio in first period was 1:1 (number examined=755), but was 1.86:1 (n=1,675) in favor of
males in the second time period. For assessment purposes, a conservative 1:1 sex ratio was
hypothesized and all impingement estimates were simply divided in half to determine the impact
solely to female winter flounder.

As the assessment models are also age-structured, it was desirable to estimate age composition of
the impinged fish. Detailed length-frequency information was available for winter flounder
impingcd at Unit 1 from 1976 through 1983 and for Unit 2 for 1976 through 1987. Generally,
length-frequency distributions for the two units were similar, but some differences were found
among years. For examplc, greater numbers of _s_mall‘ﬁsh were impinged in the storm-dominated
year of 1979 and during the last 2 years of Unit 2 impingement sampling following Unit 3 start-up.
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Only small differences in growth occur between males and females during the first 3 years of
winter flounder life history (NUSCO 1987a), so an age-length key constructed for Niantic River
female winter flounder (NUSCO 1989a) was used to allocate total impingement mortality of
females into groups of age-1, age-2, age-3, and age-4+ fish using the length-frequency data. Over
all years, average age frequencies were 30% of the fish in age-1, 31% in age-2, 20% in age-3, and

" 19% in age-4+. These percentages were used for years with no readily available length-frequency
"data (i.e., prior to 1976 and the years for which impingement was predicted by using the
‘regression models).” Final annual estimates of impingement mortality were then allocated to

females of ages 1 to 4+ for each unit (Tables 4-6) and all MNPS units combined (T: able 7).

The current estimates of impingement mortality may be ¢ompared to estimates that were reported
previously in NUSCO (1988a). In that report, a final average annual adult-equivalent impingement
estimate of 3,323 winter flounder id]lcd by three-unit MNPS operation was given (NUSCO 1988a:
Table 2). However, adult-equivalent estimates are inappropriate for use in calculating
impingement. Unlike entrainment, which causes mortality only once during the early life history -

of a fish, impingement occurs year after year, much like fishing. Therefore, adult-equivalent

calculations are not meaningful to describe losses due to impingement. However, the mean annual
impingement estimates for two-unit operation and total estimated impingement mortalities for three-
unit operation présented in NUSCO (1988a) are comparable to values presented in this report.

TABLE 4. Estimated impingement mortality of female winter flounder at MNPS Unit 2 from 1975 through 1990.

Estimated female Estimated female Mortality of females for:
Year impingement mortality Agel Age2 Age3 Aged+
1975 179 179 54 56 - 36 34
1976 1346 1346 423 409 253 261
1977 2302 2302 511 765 585 442
1978 : 1592 1592 343 836 - 314 99
1979 5038 5038 2589 1403 721 324
1980 1789 1789 386 636 384 .383
1981 3104 3104 . 636 828 831 810
1982 1367 1367 285 514 292 275
1983 3106 3106 1139 730 604 633
1984 1271 1271 172 429 394 276
1985 1385 1385 660 243 239 242
1986 554 554 _ 259 107 75 113
1987 : 317 317 206 45 33 33
1988 400 - 400 120 124 80 76
1989 454 454 136 ' 141 91 86

1990 262 262 - 79 81 52 50
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TABLE 5. Estimated impingement mortality of female winter flounder at MNPS Unit 1 from 1973 through 1990.

. Estimated female Estimated female Total female mortality for:
Year " impingement mortality Agel Age2 Age3 Aged+
1973 3110 3110 933 964 622 - 591
1974 . 1869 1869 - 561 579 374 355
1975 1303 1303 391 404 261 247
1976 1483 1483 488 320 307 362
1977. 1508 1508 438 331 342 398
1978 2246 - 2246 683 976 383 205
1979 6734 6734 2448 1754 1399 1134
1980 1802 1802 430 471 : 331 570
1981 717 717 88 410 106 113
1982 . 3071 3071 : 568 1204 - 606 692
1983 3630 . 3630 1678 886 470 597
1984 2241 337 101 104 67 . 64
1985 1530 - 298 89 92 60 57
1986 2523 489 147 152 99 - 93
1987 1041 209 63 65 42 40
1988 1540 308 . 92 95 62 59
1989 1088 514 154 159 103 98

1990 ' 876 414 124 128 83 : 79

TABLE 6. Estimated impingement mortality of female winter flounder at MNPS Unit 3 from 1986 through 1990.

Estimated female Estimated female Total female mortality for:
Year impingement mortality Agel Age2 Age3 Aged+
1986 964 669 201 207 134 127
1987 552 384 115 119 77 73
1988 696 423 127 131 85 80
1989 ’ 789 261 78 81 52 50
1990 450 402 121 . 125 80 76

. ‘The estimates given in NUSCO (1988a) were based on a somewhat different annual time frame (an
October-September year rather than January-December), slightly different assumptions on
sluiceway efficiencies and survival, and how impingement was extrapolated for Unit 3. Reducing
the NUSCO (1988a) two-unit mean impingement estimate of 8,357 by"50% to obtain a female-
only impingement estimate for comparison resulted in a total of 4,179. This value was somewhat
less than the average of 4,299 determined from the data given in Table 7 for female mortality
during the comparable period of 1973-83. The average total mortality for three-unit operation
given in NUSCO (1988a) of 3,769 females (50% of the calculated total of 7,538), however, was

~more than three times as large as the mean of 1,185 female winter flounder estimated to have been

killed at MNPS during the 1986-90 three-unit operational period (see Table 7 for data). The
.estimated mortality given in NUSCO (1988a) was based on an annual mean estimate of

11
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impingement determined for a period during which winter flounder were more abundant than at

. present. Furthermore, although noted in NUSCO (1988a), the effects of Unit 3 start-up in

jreducing impingement at Unit 2 were not quantified in that report. Therefore, it should be
understood that the higher impingement totals given in NUSCO (1988a) for Unit 2 (and, hence,
Unit 3) were overestimates.

TABLE .7. Estimated impingement mortality of female winter flounder at MNPS from 1973 through 1990.

Units in operation  Year Agel Age2 Age3 Aged+ Total
~ Unitl 1973 933 964 . 622 591 - 3110
o v : 1974 561 579 374 355 1869
© . Units1&2 1975 445 460 297 281 1483
o 1976 911 729 560 623 2823
1977 949 1096 927 840 3812
1978 1026 1812 697 304 3839
1979 5037 3157 2120 1458 11772
1980 816 1107 715 953 3591
1981 724 1238 937 923 3822
1982 853. 1718 898 967 4436
1983 2817 1616 1074 1230 6737
1984 273 533 461 340 1607
v 1985 749 338 299 299 1685
Units 1,2, 3 1986 607 466 308 333 1714
I 1987 384 229 152 146 911
1988 339 350 227 215 1131
1989 368 381 246 234 . 1229
A% 1990 324 334 215 205 1078

Risk of Impingement for Niantic River Winter Flounder

The risk of impingement to individual flounder at least 20 cm in length was evaluated using data

*“from fish tagged with Peterson discs during December 1980 through March 1983 (NUSCO

1987a), summary of which is given in Tables 8 and 9. These data suggested that, except for many
of the fish found in Niantic Bay, most fish tagged in other areas near MNPS apparently did not
enter the Niantic River, even though some were impinged. This implied that some impinged fish
were from other winter flounder stocks or else remained non-spawning fish during the first 2 years
following tagging, when most disc-tagging recaptures were made. The fraction of these fish killed
by impingement was relatively small in relation to fishing montality (Table 8). Impingement

' sampling only took place on 3 of the 7 days of each week during 1980-83, when most tag returns

occurred. However, even doubling impingement recaptures to account for the temporally
incomplete sampling and ignoring non-compliance in returning tags by fishermen, still resulted in a

12
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' LE 8. Summary of winter flounder marked® with Peterson disc tags at vasious locations® in the vicinity of MNPS from December 1980

gh March 1983.
Numbercaught  Number caught Number caught Number caught
Date of Number Number by NUSCOin by NUSCO outside - by sports by commercial
tagging tagged impinged  the Niantic River the Niantic River fishermen fishermen
BR: 12/80 68 0 0 0 1 7
5/81 4 0 0 0 0 ]
3/82 5 0 ] 0 0 0
5/82 3 0 0 0 0 0
6/82 131 0 0 0 6 9
7/82 9 0 0 0 1 0
10/82 33 0 o ] 2 1
12/82 25 1 0 0 0 1
1/83 12 0 0 1 0 1
Total: 290 1 0 1. 10 19
JC: 12780 10 0 0 0 0 0
. 3182 3 0 0 0 0 0
5182 2 0 ] 1 0 0
6/82 9 0 (4] 0 2 0
/82 11 0 0 0 3 o
9/82 28 0 -1 4 7(1in NR) 2
10/82 78 1 0 3 16 7
1/83 6 0 0 1 0 0
Total 147 1 1 9 28 (1 in NR) 9
TT: 12/80 47 0 1 0 7(1in NR) 7
5/81 29 0 1 2 0 3
3182 2 0 0 0 o o
5/82 23 0 o 0 2 3
6/82 120 0 0 3 5 9
782 16 0 0 1 1 2
9/82 59 0 -0 1 5 6
10/82 51 0 0 2 3 (1in NR) 4
12/82 23 0 0 1 4 ()}
Total: 370 0 2 10° 271 inNR) 34
NB: 12/80 309 1 7 10 32(7inNR) 22
‘ 5/81 965 0 9 12 64 (7in NR) 92
10/81 S 0 0 1 2 0
3/82 5 0 0 0 0 0
5182 31 0 1 1 2 3
6/82 156 0 2 1 12 in NR) 7
9/82 45 0 0 2 11 2in NR) 7
10/82 43 0 0 5 4 2
Total: 1559 1 19 32 127 (18 in NR) 128

13
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TABLE8. (continued).

Numbercaoght  Number canght Number caught Number caught

Date of Number Number by NUSQOin by NUSCO outside by sports by commercial
tagging tagged impinged the Nisntic River the Niantic River fishermen fishermen
NR: 12/80 410 2 36 2 28 (16 in NR) - - 21
5/81 108 0 5 0 8§ (3inNR) 9
3/82 557 2 83 0 90 (56 in NR) 22
4/82 218 1 34 3 29 (18 in NR) 12
6/82 15 1] 0 0 2(@2inNR) 0
7/82 93 ( 13 ] 16 (14 in NR) 1
9/82 80 0 8 1 7(6in NR) 4
10782 52 Q 6 1- 2@RinNR) - 3
3/83 770 3 128 2 105 (60 in NR) 27
Total: 2303 8 318 9 ©° 287 (177 in NR) 99

* Minimum lengths tagged were 200 mm from December 1980 through May 1981, 230 mm from March through October 1982 and 200
mm in March 1983.
b BR is Banlent Reef, JC is Jordan Cove, TT is Twotsec Ishnd Channel, NB is Niantic Bay, and NR is Niantic River.

TABLE 9, Summary of disc-tagged winter flounder recaptured during MNPS impingement sampling.

Station of Length

tagging Sex at tagging Date tagged Date impinged* Days at large

. BR M 245 27 Dec 82 10 Fcb 83 45
Ic F 333 190 82 24 Mar 83 156
NB M 228 5Dec 80 10 Apr 81 126
MR F 219 9 Dec 80 3 Apr8l 115
NR M 241 9 Dec 80 12 May 81 154
NR F 275 30 Mar 82 30 Mar 83 365
NR M 336 30 Mar 82 4 Jun 82 66
NR M 326 20 Apr 82 4 Apr83 349
NR F 421 1 Mar 83 27 Mar 83 26
R M 350 2Mar 83 24 Mar 83 2
MR M 359 2Mar 83 22 Ape 83 51

-

* The impingement sampling schedule in 1977-83 was 3 days per week at Units 1 ana 2.
small additional risk of mortality from impingement in relation to fishing. Impingement mortality
- was reduced even further by the installation of the fish return slulceways at Units 1 and 3, which

followed the completion of the dlsc-taggm g work.

Knowledge of the fraction of the Niantic River spawning population affected by impingement is
necessary for the simulation models. To determine this, data from fish tagged in the Niantic River

14



from Decermber 1980, March-Apiil 1982, and March 1983 were examined in furthéer detail. Most,
if not all, of the fish tagged in the river during these periods were likely from the Niantic River
spawning stock. Recaptures of these fish tended to be made in distinct periods following release:

. four of the fish from these groups were impinged within 1-2 months, two in 4-5 months, and two

about 1 year after release. To determine the average fraction of the Niantic River winter flounder
population that was impinged, the numbers of tagged fish available for impingement at specific

* times were determined, as fish were being continually removed from the marked population by
fishing and tags were bc;fng shed by some of the fish. The decline over time for recaptures
. received from fishermen and made during NUSCO sampling was examined for fish tagged at all
*- locations during December gnd during March-April. The slope of the decline in tag returns in the

Togarithmic scale was considéred to be a ieasure of the apparent mortality rate for the marked

* population that included tag 'shedding. An apparent annual mortality rate (Z,) of 0.9566 (apparent

survival S, of 0.3842) was determined for fish tagged in December and a Z, of 1.1455
(8:=0.3181) for March-April fish. These values were used to adjust initizil tagged populations to
the number of fish at large that were available for impingemem during the periods when recaptures
were made. The number of tagged winter flounder impinged during a recapture period was
doubled to account for incomplete sampling and this adjusted number of impinged tagged fish

_divided by the calculated tagged population at large was a conservative estimate of the fraction of

the Niantic River population killed by impingement. The fractions of adult spawners removed by
impingement ranged from 0.43 to 2.90% (Table 10), with a geometric mean of 1.10%. This value
was for two-unit operation without any fish return sluiceways in operation.

TABLE 10. Calculation of the proportions of winter flounder disc-tagged in the Niantic River during the spawning season that were
impinged at MNPS.

Date of Number Date of Calculated.  Calculated number Proportion of marked

tagging tagged recapture number at large impinged* populstion impinged

December 1980 410 March-May 1981 298 | 4 1.34%

" March 1982 557 June 1982 460 2 6.43%
March 1982 557 March 1983 177 2 1.13% .
'April 1982 218 ~ Apil 1983 69 2 2.90%
March 1983 770 carly Aprl 1983 700 6 0.86%

Geometric mean 1.10%

ot “The actual number impinged was doubled to account for only 3 days of sampling per week at Units 1 and 2 during the recapture period. .
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Another estimator of the impacted fraction of female winter flounder may be obtained by dividing
geometric means of the annual female impingement mortality estimates for each age by the
calculated numbers-at-age for the Niantic River female spawning stock during the 1986-90 three-
unit operational period. A geometric mean stock size of 26,584 was determined for 1986-90 from

. NUSCO (1991b: Table 11) Female numbcrs-at-agc were dctcrmmed using available estimates of.
o Z and scaling the age structure to the average population size given above (Table 11). Using
' '.6bs'é'rved imaturation rates (NUSCO 1991b), the average number of females and female spawners

wére determined for each age-class. The average annual female impingement mortality for each

. age-class durmg three-unit operation (determined from Table 7) divided by the average female

stock size by age (given on Table 11) gave estimatés of annual mortality rates that were attributed

) mpmgemcnt (Table 12). These values ranged from 1.00% for age-4+ fernales to 0.27% for age-
0 femalcs The equivalent instantaneous mortality rates were used in the sxmulatxon that follows as
v thc best estimates of MNPS impingement impact. These values were considered to be conservative

estimators of impact because they assumed that all impinged winter flounder were from the Niantic

" River stock. Furthermore, any future i unprovemcnts in sluiceway efficiency and survival were

1gnored in the simulation.

TABLE 11. Age composition of the recent (1986-90) average femalc spawmng stock of Niantic River winzt flounder.

Assumed total ’ Average n=nber of fish in
instantaneous Average number Average number of the age-groups selected
Age ‘mortality rate (Z)* of females® Maturation rates® female spawners to assess impingement
1 0.50 144,933.45 0.00 0 142933
2 0.40 87,906.58 0.00 0 - 89,907
3 0.95 58,925.54 0.08 4,714 58.926¢
4 0.95 22,789.92 0.36 8,204
5 0.95 8,813.44 0.92 8,108
6 0.95 3,408.51 1.00 3,409
7 0.95 1,318.21 1.00 1,318
8 0.95 509.81 1.00 510
9 0.95 197.16 1.00 197 - 21.870°
10 0.95 76.25 1.00 76
11 0.95 29.49 1.00 30
12 0.95 11.40 1.00 11
13 095 4.41 1.00 4
14 0.95 N Y 3 | 1.00 2
15 0.95 0.66 1.00 1

Total female spawners ‘ 26,584

* From Simulation A in NUSCO (1991a).

b Scaled to produce an average stock size of 26,584, under the assumption of equilibrium.
¢ From NUSCO (1991b): Table 37.

¢ Number of age-3 females (both mature and immature).

¢ Number of female spawners age-4 and older.
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TABLE 12. Estimated annual impingement fortality rates for three-unit MNPS operation.

Average number of Estimated annual- Annual mortality Equivalent
o females in the Niantic impingement monahtz rate due 1o instantaneous
Age-group River popu]_ation‘- for tluee-unn operation impingement mortality rate
1 144,933 .. - 393 0.27% -0.003
2 87,906' T - 343 0.39% 0.004
3 58,925 ’ LT 224 038% 0.004
4

+ 21,870 Lo T as 1.00% "0.010

: As determined on Tab!c 11,
Geometnc mean of 1986-90 estimates of fcma!a lhrec-umt xmpmgancnt mortality given on Table 7.

Simulation of MNPS Impact of Combined Entrainment and
JImpingement on the Niantlc Rlver Winter Flounder Populatlon

The results of simulating 40 years of ééﬁﬁﬁiiéus three-unit MINPS operation that assumed three
different rates of larval entrainment (15, 20 and 25%) were presented in NUSCO (1991a) under
the label of “Simulation A”. The purpose. of that simulation had been to compare current impact
predictions to those made 15 years ago for thc; 3Al_6(b) demonstration document (NUSCO 1976).
The present simulation is identical to Simulation A in NUSCO (1991a), except that now the effect
of winter flounder i unpmgemcnt has been‘added to the i impact of larval entrainment previously
given.

The simulation of the combined effect of larval entrainmént and fish impingement at MNPS was
carried out using the same stochastic population dynamics model (SPDM) as for the above

smentioned Simulation A. The input parameters and simulation scenario were also identical except
~ that the age-specific annual mortality rates were incremented by the amounts corresponding to the

newly estimated impingement mortality (see last column in Table 12). The complete simulation

“consisted of four model runs, which provided a set of four time-series of stock size projections
under the same scenario but with different plant effects in each run. These plant effects were none
in the first run (i.e., the baseline equivalent to conditions that existed prior to MNPS operation) and
_low, medium, and high entrainment rates with impingement constant mortality in the other three
runs. Additionally, a fifth model run in this study was conducted to assess the importance of
impingement losses relative to the effect of Jarval entrainment. This extra run simply duplicated the
.run with the high entrainment rates, but did not mcludc impingement effects. The three rates of
‘larval entrainment used corresponded to the same three reductions (15, 20 and 25%) of annual
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Jarval production hypothesized in NUSCO (1991a) As dlscussed in the section dealing with
“mass-balance” calculations in NUSCO (1991b), the high rate of entrainment (25%) was probably
an overestimate of the average entrainment rates for Niantic River larvae under threc-unit operating
conditions. The simulation describes the dynamics of the unﬁshed (i.e., no fishing mortality
simulated) female spawning stock of Niantic'Rivcr winter flounder during an 80-year period. The
results include the projection of the undxsturbed stock for a period of 10 years prior to plant
opexauon, a 40—year period of continuous three-unit operation with both entrainment and
" impingement effects; and a final period of 30 years without any plant effects to simulate the stock
_Tecovery. "

The simulati'oh results are summarized in Figure 4 and Table 13. The top line (dashed) in Figure 4
is the basclme time-series of projected stock sizes for the undisturbed population which, in the 50th
_year of the s1mu1at10n averaged 75,047 female spawners (’I’able 13) The fluctuations of this
baseline about the mean level of the stock (Fig. 4) are caused by stochastic variability representing
: natﬁral recruitment variability induced by climatic factors, agg%trﬁcturc effects, and density-
~ “dependent mortality during the larval life-stages (NUSCO 1991a). The three solid lines labeled A,
' B,andDin Figure 4 correspond to the projections of the same stock as in the baseline, but
incliidi'ng the effects of constant impingement and three diffcpcnt rates (low, medium, and high) of
larval entrainment during a 40-year period. Finally, the dashed line in Figure 4 labeled with a C
describes the projected stock with high entrainment rates (as in line D), but with no impingement
effects. The differénce between the levels of lines C and D in Figure 4 illustrate the further stock
reduction caused by the addition of impingement mortality to high larval entrainment rates. This
additional loss amounted to a change from a 16.8% stock reduction after 40 years of high
~ entrainment rates alone to a 18.9% reduction when the cffect of impingement losses were also
simulated (Table 13). Therefore, in the worst possible case under the simulated scenarios, the
addition of i 1mpmgemcnt effects resulted in average stock reductions of 2.1% beyond the
reductions already predicted for entrainment effects in NUSCO (1991a).

In comparing the above results to the population reductions predicted in the 316(b) demonstration
(Figure 5.4-30 in NUSCO 1976) a number of discrepancies become apparent. First, while the
1976 impact predictions were expressed as changes in the “total winter flounder population”, the
present simulation predicted changes in the “female spawning stock™. This discrepancy does not
invalidate direct comparisons between the two studies as long as the comparisons refer to predicted
. losses as percentages of the corresponding baselines, either total population or spawning stock,
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Fig. 4. Rcsults of Simulation A showing the effects of three dxﬂ'ercnt larval entrainment rates with annual impingement
mortality ratés (see Table 12) on the unfished Niantic River winter flounder stock The rates of entrainment and
unpmgcment martality were held constant for the 40-year impact period, Spawmng stock sizes are averages of 50 Monte
Carlo replicates. The lines shown are the baseline (no MNPS impact), A (15% entrainment mortality plus impingement), B
(20% entrainment mortality plus impingement), C (25% entrainment mortality only), and D (25% entrainment mortality

) plus impingement).

) TABLE 13. Expected number of female winter flounder spawners in the unfished stock (Simulation A in NUSCO 19913) after 40 years of
continuous three-unit operation with low, medium, and high impact corresponding 10 three rates of larval entrainment and a constant rate
of impingement. The projected percentages of stock reductions after 40 years are relative 1o the corresponding baseline stock size. Stock

sizes are averages of 50 Monte Carlo replicates.

Projection after 40 years of three-unit operation

. Line labels
Plant effects Stock size Reduction in Figure 4
Baseline (no plant effects) 75,047 - Baseline
Low impact ({ENT = 15%] + IMP)* 67,190 11.6% A
Medium impact (JENT = 20%]) + IMP) 64,502 15.2% B
High impact ([ENT =25%} + IMP) 61,638 18.9% D
16.8% C

High entrainment (25%) and no impingement -63,276

* IMP refers to simulated impingement effects according to the constant mortality rates shown in the last column of Table 12.
ENT refers to the percentage of larval winter flounder Iost each year as 2 result of entrainment.
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“instead of as absolute numbers of fish. Rediictions in the total population and in the spawning
' \,: stock are proportional in the context of these two simulation studies because sex ratios, maturation -
' rates, and age-specific mortality rates (including plant induced mortality) were all assumed constant
throughout the impact periods in both studies. A second discrepancy is that the impact pcnod of
35 years in the 1976 study was increased by S years to agree with the operational life of the plant,
which is now cxpectcd to be 40 years. This change simply makes the present assessment more
conservative because the simulated impaét period was lon ger. Finally, although the overall plant
impacts predicted in the two studies were sitnilar, an 18% population reduction in 1976 versus an
18.9% stock reduction at present, the makeup of the impacts was quite different. The present
. 'né’sults (Table 13) show larval entrainment as the main source of fish losses (16.8% of the total
> 18.9% reduction was attributed to entrainrnént), which contrasts with the 1976 results where
i 1mpmgcmcnt losses were responsible for about 16% of the total 18% population reduction
. predlcted This shift in the main source of plant operauon impacts fromi impingement of fish to
enm}mmcnt of larvae is supported by the 15 addgtlonal years of monitoring data now available.
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Mr. Timothy Keeney, Commissioner .
Department. of Environmental Protection
State Office Building

165 Capitol Avenue

‘Hartford, CT 06106

References: 1. Letter (D04339), E. J. Mroczka to L. Carothers, dated
: January 23, 1991.

2. Northeast Utilities Service Company. 1976. Environmental
Assessment of the Condenser Cooling Water Intake Struc-
(I. . tures (316b-demonstration), Volumes 1 and 2.
Dear Commissioner Keeney:

Millstone Nﬁclear Power Station
Ecological Monitoring Program

Output from several stochastic simulation models on the effects of the three-
unit Millstone Nuclear Power Station (MNPS) on the Niantic River population of
winter flounder were provided in Reference 1 by Northeast Utilities Service
Company (NUSCO), on behalf of Northeast Nuclear Energy Company (NNECO), to the
Connecticut Department of Environmental Protection (DEP). One model, termed
"SimuTation A," was specifically included at the request of the DEP because it
was similar to the deterministic impact assessment model  used 1in the
MNPS 316(b) demonstration (Reference 2). The assessment model in the 316(b)
demonstration included the impact of impingement of winter flounder on the
traveling screens at MNPS, whereas the more recent modeling efforts included
only the impact of larvae entrained through the cooling water system. As a
result, representatives of the DEP have expressed concern that the effects of
impingement on winter flounder should also be evaluated. -

Accordingly, NUSCO, as agent for NNECO, hereby submits in Enclosure l a
reassessment of winter  flounder impingement at MNPS. Furthermore, results
from Simulation A that incorporate the effects of both impingement and
entrainment are provided for comparison with the MNPS 316(b) demonstration.



Mr. Timothy Keeney
D04716/Page 2
June 20, 1991

If you have any questions after reviewing this material, please call

Mr. Donald Danila
Extension 4538.

-~

Enclosure

cc:

Mr. Charles Fredette
Connecticut Department of
Environmental Protection
122 Hashington Street
Hartford, CT 06106

Mr. Robert Kaliszewski
Connecticut Department of
Environmental Protection
122 Hashington Street
Hartford, CT 06106

Mr. Guy Hoffman
Connecticut Department of

Environmental Protection
122 Hashington Street

‘Hartford, CT 06106

Mr. Eric Smith
Connecticut Department of

Environmental Protection

Marine Fisheries Office
P.0. Box 248
Waterford, CT 06385

Mr. Stanley J. Modzelesky
Executive Assistant

Connecticut Siting Council

One Central Park Plaza
New Britain, CT 06051

» NUSCO Environmental Programs Department, at (203) 444-1791,-

Very truly yours,
NORTHEAST UTILITIES SERVICE COMPANY

. As Agent for Northeast Nuclegr

Energy Company

Senior Vice President
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MNPS UNIT.1 FISH RETURN SLUICEWAY

. .Under NPDES Permit No. CT0003263, the Connecticut Department of Environméntal Protection
.- (DEP) issued DEP Order No. 2859 on July 2, 1980, 1o the Northeast Nuclear Energy Company
."(NNECO) 1o investigate the feasibility of modifying thé cooling-water intake systemns of Millstone
- Nuclear Power Station (MNPS) Units 1 and 2 to improve the return of fish and shellfish back to

- Long Island Sound (LIS). ‘A report (NUSCO 1981) was submitted to the DEP on July 31, 1981,

which demonstrated that backfitting a fish return sluiceway at MNPS Unit 1 was a prudent_

_alternative. With the concurrence of the DEP, the Unit 1 sluiceway was put into operation in mid-

Dcccmbcr 1983.

A study to examine the morta]ny of fishes and invertebrates impinged at Unit 1 and returned to LIS

pC—

January 0 -0 0 0 2 0 b 02 4
. February o . 0 0 0 6 0 b 02 2
March 0 0 1 0 31 2 b 10 7
April 0 0 21 0 152 32 ba 0 0
May 3 8 2 0 312 18 ba -0 0
June 4 1 6 8 62 12 ca 0 -0
July 2 6 3]s 10 3 0 0s 0a 2
August 8 21 10 3 6 4 152 62 4
September 28 3 4 18 - 11 3a 22 9 5
October 7 - 5 0 15 0 182 42 4 2
November 30 0 3 3 2 .6 4a 6 4
December 218 0 0 0 0 8 02 7 3

via the sluiceway began in January 1984 and continued through July 1985 (NUSCO 1986).

. Survival of most demersal fish and non-molting crustaceans exceeded 70%. These groups
- included both winter flounder and American lobster. However, pelagic fishes, including herring,
- small forage fishes and squids suffered almost complete mortality. The process of impingement

alone probably caused most mortalities and the addition of the sluiceway did not increase sumval

NUSCO and DEP agreed (NUSCO 1986) that the Unit 1 s]ulccway could be taken out of service

- -during periods of high debris loading that would adversely affect plant operations. The DEP"

requested accounting of the number of days the sluiceway was out of service.

. ‘The number of days that the Unit 1 sluiceway was out of service each month from 1986 through

1993 is included in Table 1. Typically, the sluiceway was taken out of service when mussel
removal resulted in high debris loading. As indicated on Table 1, the sluiceway was out of service
for 33 days during 1993. This was the smallest number of days the sluiceway has been removed
in a 1-year period since 1985.

" Tablel, Totz_nl number of days ﬂcmﬁcMNPS Unit 1 sluiceway was not in service,

a2 Unit 1 shutdown.
b No information available (NUSCO 1992).
¢ No information June 1-15, 1991, sluiceway in service from June 16-30, 1991.



' MNPS UNIT 3 FISH RETURN SLUICEWAY
_ Introducion |

‘The design of the Millstone Nuclear Power Stauon (MNPS) Unit 3 intake structure mcorporatcd a
system to return fish and invertebrates impinged on the traveling screens back to Long Island
" Sound. The fish return system consists of fine mesh (0.375-in) screens, fish trays on each screen
panel; and low and high pressure nozzles that direct material accumulated on the screens into a
sluiceway and a debris trough, respectively. Fish and invertebrates are removed by a low pressure
wash and returned to Long Island Sound through the fish sluiceway. To prevent debris
. recirculation, the material washed into the debris trough is accumulated in a trash hopper and
removed. The system was operational when MNPS Unit 3 began commercial generation in April
1986. A 1-yr study of the system in 1986 demonstrated that only 41% of the organisms impinged
on the traveling screens were washed into the sluiceway (NUSCO 1988). In response to the study
results Connecticut Department of Environmental Protection (DEP) issued and enforcement letter
dated February 17, 1988 rcqmnng atleast a70% rate of return sluiceway efficiency and an
assessment of improvements.*

" Over the next year, the fish spraycxs were re-angled-a number of times in attempts to increase

- sluiceway efficiency. Return rates ranging from 75-87% were achieved. But-along with the
increase of fish, the amount of seaweed that exited the sluiceway also increased. Seaweed fouling
._at'Unit 3 caused seven unplanned outages. As aresult, from January 1990 through July 1992, six
new traveling screens were installed at the intake. Improvements to the traveling screens, fish
spray wash system, and debris removal system were completed by the end of 1992. A 1-yr study
to determine sluiceway survival and efficiency began in January 1993.

In December 1993, in accordance with Paragraph 5 of NPDES Permit No. CT003263, Northeast
- Utilities Service company (NUSCO) completed a 1-yr evaluation of the efficiency of the system in

" separating fish from debris and a study to examine the mortality of retumned fishes and
invertebrates. This report presents the results of that study.

The Intake Structure and Fish Return System

. The Unit 3 intake structure is divided into six bays and contains six cuculatmg. four service water
and two screenwash pumps. At full capacity, about 56.6 m3/sec of water is pumped through the

* entire structure. Water within each bay passes through a trash rack and'a traveling screen. During
normal operations, the average water velocity through each bay is 0.24 m/sec. The trash racks in
each bay are 4.9-m wide and consist of 1.3-cm thick by 8.9-ci deep vertical steel bars installed
6.4 cm apart ata siope of 5 to 1. The traveling screens, located upstream of the circulating water
pumps, consist of an endless band of screening panels 4.3-m wide by 0.61-m high constructed of
9.5-mm mesh copper cloth. The screens automatically rotate when the difference in the water
elevation upstream and downstream of any screen reaches 100 mm; rotation can be initiated
manually.

After screen rotation bcgms screenwash water is directed through the low pressure (10 psi) spray
- header to flush aquatic organisms out of the fish baskets on the screen panels into the lower fish
sluiceway trough, and also through a high pressure (85 psi) spray to clean debris off the screens
into an upper trash trough. The 70-cm diameter lower trough exits the west wall of the intake
structure and connects to a 30-cm diameter pipe, which runs down along a seawall about 22 m to
the north. A 76-cm section of the sluiceway pipe about 30 cm to the west of the intake structure is



open 1o allow for sampling. The sluiceway ends about 10 m from rock rip-rap along the shore.
The debris trough exits the intake structure through the east wall and material 1s removed from the
trough by a motorized conveyor system and deposited in a trash hopper for removal offsite.

! Materials and Methods

. ‘Samples were taken biweekly from January through December 1993, except during the week of

: tember 9, 1993 when no fish were impinged because all six circulating water pumps were
inoperatable. Most impingement occurs between dusk and dawn, thus most sampling was done in
carly moming shortly before or after dawn. Before a sample was collected, the traveling screens
were washed to clean them of previously accumulated debris and organisms and then the screens

- were not allowed to rotate or wash for about 2-3 h. On three occasions, high differential water
level due to debris loading caused the screens to run continuously and samples were taken during a

. 40-min period. '

- Organisms were simultaneously collected from both the sluiceway and debris troughs. To collect
* organisms from the sluiceway, a 57-cm long, 6-mm mesh net was attached to a 26-cm diameter
metal ring and placed over the end of the sluiceway pipe. Sampling at the end of the sluiceway
pipe allowed for a measure of mortality that included impingement, screenwash, and passage -
through the fish return pipe. The screens were rotated and cleaned and as material accumulated in
the sampler during the approximate 40-min wash cycle, the net was emptied about every 5 min.
“Sampling was continuous during the entire wash cycle as the net was designed to be emptied at the
codend while the mouth of the net remained attached to the end of the sluiceway pipe. All :
organisms were separated from algae and jellyfish by hand and placed into an insulated cooler or
‘bucket containing seawater. During the same time, organisms were counted at the discharge of the
_debris conveyor system. Live organisms collected from the sluiceway were retumed to the
Jaboratory and held in tanks with running seawater for up to 72 hrs. Observations were made at 6
and 24 h following collection and dead organisms were removed. Any specimen with obvious
injuries or exhibiting aberreént behavior at the final 72-h observation was classified as dead. Total
length of fish, carapace width of crabs, carapace length of lobsters, and mantle length of squid
were recorded to the nearest mm. Water temperature at the intake and the laboratory holding tanks
were recorded.

Efficiency of the sluiceway system was calculated as a percentage by dividing the number of
organisms collected in the sluiceway by the total number of organisms collected in both troughs
-and multiplying this number by 100. Percent efficiency was calculated by both sampling-date and
for each species. ' ' '

" Survival estimates were calculated for individual species as well as for groups of organisms
_classified by body type and season of occurrence based on water temperature. Survival was
calculated from the proportion of total numbers of specimens alive at the initial, 6-, 24-, and 72-h
‘observations. Organisms were classified into four body-type groups, which included “pelagic”,
‘“‘demersal”, “crustacean” and “squid”.. Free-swimming fishes (e.g., herrings, silversides,”
butterfish) were considered pelagic, whereas bottom dwellers {(e.g. sculpins, flounders) as well as
those with hard integuments (e.g., sticklebacks, pipefish) were classified as demersal. The
crustacean group was comprised of crabs and American lobster. The Atlantic long-finned squid
was considered as a separate group. For some survival calculations, samples were assigned to

~ three temperature groups: “cold”, “cool” and “warm” based on water temperatures at the time of the

collection. The water temperatures ranged from 3.5 t0 7.0°C (cold), 8.0 to 15.0°C (cool), and
16.0 to 22.0°C (warm).



Results

_ A total of 24 samples were taken during the study period and 32 species of fishand 11 .

- macroinvertebrates were taken in sluiceway and debris trough collections (Tables 2 and 3). The
952 specimens collected during the study were dominated by 12 species and these comprised 81%

“of the total: Atlantic long-finned squid (222), Atlantic silverside (160), rock crab (72), Atlantic
herring (49), winter flounder (43), spider crab (43), grubby.(42), threespine stickleback (41),
lady crab (31), butterfish (26), American lobster (26), and mud crab (21).

Number ' Number Water ,

: Sampled Sampled Temperature Efficiency
Date Sluiceway Debris CO) (%)
January 19 115 0 45 100
February 2 47 « 0 13 100
- February 16 40 - 0 33 100
"March 2 15 0 1.6 100
‘March16 102 1 1.3 99
- March 30 21 0 45 100
April 13 28 1 49 96
April 27 1n 0 62 100
May 11 5 0 104 100
May 25 32 1 12.5 97
-June?7 11 0 13.0 100
‘June 22 . 41 2 167 96
July 6 52 0 16.9 100
July 20 85 6 18.1 93
August3 29 1 217 97
August 17 62 1 20.5 98
August 31 56 1 21.5 98
September 29 . 20 3 17.5 87
October 14 . 24 0 15.1 100
October 26 20 1 14.0 95
November 9 21 i 123 95
November 23 51 2 11.0 96
December 7 27 1 '10.1 96

] 1.9 __94

_DcccmbchO 15

The numbers of fish and macroinvertebrates collected from the sluiceway trough were compared to
the numbers collected from the debris trough to determine the efficiency of the sluiceway. The
percent efficiency was calculated for each date (Table 2) for each species (Table 3) and averaged
96% for all specimens collected. Of the 43 species were collected only one, the harvestfish (1
collected in debris trough), had an efficiency of less than 85%. The percent efficiency averaged
96% for fishes and 86% for macroinvertebrates. : .

Organisms collected from the sluiceway were held in the laboratory for 72 h to determine their

survival. In general, demersal fish and crustacean groups had the greatest survival (Table 4).
Survival of crustaceans was best in cool water (93%) and lowest in warm water (84%) (Table 5).

4
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Numbers Collected
Common Sluiceway Debris Percent
-Species Name Trough. Trough Efficiency
Alosa aestivalis blueback herring .2 0 100
Alosa pseudoharengus alewife .19 0 100
" Anchoa mistchilli bay anchovy 15 0 © 100
- '+ Brevoortia tyrannus Atlantic menhaden 16 0 100
Callinectes sapidus ‘blue crab 4 0 100
Cancer irroratus T0ck crab 72 2 97
. Carcinus maenus green crab 12 2 85
" Clupea harengus - Atlantic herring 49 0 100-
Cyclopterus lumpus lumpfish 5 0 100
Etropus microstomus smallmouth flounder 2 0 100
Gasterosteus aculeatus threespine stickleback 41 6 85
Gasterosteus wheatlandi blackspotted stickleback 10 ] 100
- "Homarus americanus American Jobster 26 6. 80
--Libinia spp. spider crab 43 1 98
. -Loligo pealei " Atlantic Yong-finned squid 222 6 97
- Lophius americanus goosefish 3. 0 100
Menidia menidia Atlantic silverside 160 2 99
Merluccius bilinearis silver hake 3 0 100
Monacanthus hispidus planchead filefish 1 0 100
Morone americana white perch 1 Y 100
. "Myoxocephalus aenaeus grubby 42 0 100
Neopanope 1exana “mud crab 21 0 100
Ophidion marginatum striped cusk-eel 4 0 100
‘Opsanus tau oyster toadfish 1 0 100
Osmerus mordox rainbow smelt 1 0 100
Ovalipes ocellatus 1ady crab 31 4 89
Pagurus longicarpus hermit crab 5 0 100
" . Penaeus auecus - brown shrimp 5 0 100
Peprilus alepidotus harvestfish 0 1 0
Peprilus triacanthus buuterfish 26 1 96
Pholis gunnellus tock gumnel 2 0 100
Pleuronectes americanus winter flounder 43 1 98
Pomatomus saltasrix bluefish 1 .0 100
Prionotus evolans striped searobin 4 0 100
‘Scophthalmus aquosus windowpane 7 1 86
Selene vomer lookdown 2 0 100
Sphoeroides maculatus northemn puffer 1 0 100
Syngnathus fuscus northem pipefish 12 0 100
Tautogolabrus adspersus cunner 3 0 100
. Tautoga onitis tautog 8 0 100
Urophycis chuss 1ed hake 2 0 100
Urophycis regia spotted hake 4 09 : 100
’ Average %
Total;

Table 3. Species spccxﬁc efficiency of the Unit 3 Fish Return System in separating fish and invertebrates from - -

el
© e
-]
W
W

Efficiency: 96%




Sesquid

Body (%) (%) " (%) (%)
: Common Type Number  Initial  Survival Survival Survival
Species Name Group* Examined Survival at 6h at2dh  at 72h
- Alosa aestivalis blueback herring P 2 100. 0 0. 0
" Alosa pseudoharengus alewife P. 19 47 21 0 0
Anchoa mitchilli bay anchovy P 15 0 0 0 0
* . Brevoortia tyrannus Atlantic menhaden P 16 50 31 6 0
" Callinectes sapidus blue crab c 4 100 100 75 15
Cancer irroratus rock crab C 72 100 . 100 98 91
Carcinus maenus green crab C 12 82 82 82 - 82
Clupea harengus Atlantic herring P 49 0 (1) 0 0
Cyclopterus lumpus lumpfish D 3 100 100 100 100
Etr opus microstomus smallmouth flounder D 2 100 100 100 50
Gasterosteus aculeatus threespine stickleback D 41 86 86 86 86
‘Gasterosteus wheatlandi blackspotted stickleback D 10 90 90 90 90
Homarus americanus American Jobster C 26 100 100 100 100 —
" _Libinia spp. spider crab C 43 100 100 100 89
Loligo pealei Atlantic Jong-finned squid S 222 41 60 20 6
Lophius americanus goosefish D 3 33 0 0 0
." Menidia menidia ' Atlantic silverside P 160 63 53 30 0
Merluccias bilinearis silver hake P 3 33 0 0 0
Monacanthus hispidus planchead filefish P 1 100 100 100 100
Morone americana ’ white perch P 1 100 100 100 00
- Myoxocephalus aenaeus grubby D 42 100 100 100 @
Neopanope texana mud crab C 21 100 95 95 95
Ophidion marginatum striped cusk-eel D 4 75 75 75 50
Opsanus tau oyster toadfish b 1 100 100 100 100
Osmerus mordox rainbow smelt |4 1 0 0 ] 0
Ovalipes ocellatus lady crab C 31 100 100 87 71
Pagurus longicarpus hermit crab C 1 100 100 100 100
Penaeus aztecus brown shrimp C 5 80 80 80 80
Peprilus triacanthus - butterfish P 26 15 . 8 4 0
.. Pholis gunnellus rock gumel D 2 100 100 100 100
 Pleuronectes americanus winter flounder D 43 97 97 94 94
Pomatomus saliatrix bluefish P 1 0 0 0 0
Prionotus evolans striped searobin D 4 75 75 75 75
Scophthalmus aquosus windowpane D 7 100 100 100 83
Selene vomer Yookdown P 2 0 ] 0 0
Sphoeroides maculatus northem puffer D 1 100 100 100 100
Syngnathus fuscus northern pipefish D 12 92 92 92 92
Tautogolabris adspersus cunner D 3 67 67 67 67
Tautoga onitis tautog D 8 100 100 100 87 —
Urophycis chuss red hake P 2 100 100 100 - 100
Urophycis_regia spotted hake P 4 50 50 50 50
* P=pelagic
D=demersal
_C=crustacean



Tablc 5. Percent initial and extended sumva] for groups (body type and water lcmpamme) of orgamsms taken in the
Millstone Unit 3 sluiceway from January through December 1993, .

" Bodytype  Temperare  Number  Initial Survivalat  Survivalat Survivalat

group group examined survival (%) 6h(%) 24 h (%) _22h (%)

crustacean cold 29 % 9 93 90
cool . T4 97 97 96 93
warm 102 100 100 95 84 -

démersal cold 127 . % 94 93 88
" cool "33 94 94 94 88

warm 9 78 78 78 67

 pelagic cold 140 - 61 46 23 0
cool 23 13 9 4 0

_ warm " 45 4 0 0 0

. squd cool 82 . 56 41 28 7
warm 60 22 15 10 -5

Survival of cfustéccans was similar to the sﬁmval of demersal fishes which was highest in cold and cool
- water (88%) and lowest in warm water (67%) (Table 5). Although more tha half of the pelagic fish and
" squid survived impingément and sluiceway passage, most died within the 72-h holding period (Table 5).

The eleven most abundant species collected in the study had varying rates of survival, depending on their

body type. Over 40% of the Atlantic long-finned squid initially survived impingement , but only 6%

survived.the 3-d holding period. This species is fragile and in previous studies most did not survive

"~ initial impingement and none survived a 72-h holding period. Atlantic silverside, Atlantic herring, and
“butterfish are all pelagic species and none survived the holding period. However, most of the three

- - abundant demersal fish species survived impingement and had high 3-d survival rates: winter flounder

(94%), grubby (86%), and threespine stickleback (86%). All of the five dominant crustaceans had high

" - survival rates, which ranged from 71% for the lady crab to 100% for the American lobster. In general,

only crustaceans that were molting when impinged suffered hlgh mortality.



~ Discussion

The Unit 3 fish return system is a two-trough system. 'Sluiceway studies conducted in 1986 resulted in
- poor (41%) return rates and improvements were undertaken to produce at least a 70% rate of return.
Intake modifications that took place from 1988 through 1992 improved fish return rates. The new
" traveling screens increased debris removal capacity three-fold: This improved fish returns because
: previously fish sprayers were shut-off during periods of heavy loading to prevent recirculation,; thus, fish

" ‘were not washed into the fish return during these periods. New fish spray piping was redesigned to

. position the fish spray wash directly into the path of the fish buckets. This provided longer'spray time
and nearly continuous bucket flushing. Plastic fish spray.deflectors were replaced with steel and.
relocated so they were out of the path of damaged fish buckets. Prior to the redesign, some traveling

. 'screen panels had buckled and sheered off fish sprayers. Also, some of the older metallic fish buckets

corroded and fell off the traveling screens. This problem was resolved by the use of non-metallic
attachments to the fish buckets. Following these improvements to the intake the rate of returned of
impinged organisms increased from 41% to 96%.

"~ Results of the sluiceway survival study also demonstrated an improvement in the survival of. impinged
organisms. These finding were conservative in that no control specimens were used to ascertain

-mortality due to handling and holding in the laboratory. In addition, all injured specimens were

. considered dead, although some may have recovered if released immediately. ‘Thus, actual survival for

most species was probably greater than reported. Survival of most organisms classified as demersal and

~ crustaceans exceeded 80%. These groups include the commercially and recreational important winter

flounder and American lobster. : .

Pelagic fishes, which included mostly herrings and small forage fishes, and squid suffered almost
complete mortality. Most of these species were impinged during the summer, when warm water
temperatures and concurrent impingement of 1arge masses of jellyfish tend to reduce survival. Many
. years of impingement data collected at MNPS Unit 1 and 2 indicated that these species rarely survive the
impingement process.

‘The rates of survival found for most species and groups during this study were similar or greater than
those reported for the MNPS Unit 1 sluiceway (NUSCO 1986; Table 6). The survival of American
lobster, northern pipefish, and cunner was higher at Unit 3 than Unit 1. A high proportion of molting
lobsters was collected during the Unit 1 sluiceway study, however, which could have accounted for the
difference in the survival rates for that species. At Unit 1, impinged organisms are washed from the
screens using a high pressure spray (80 psi), while those at Unit 3 are washed with a low pressure spray
(10 psi). As many survival rates were similar, regardless of spray wash pressure, this indicated that the
process of impingement on the traveling screens alone may cause much of the mortality.

" Results of impingement survival studies at other northeastern Atlantic coastal and estuarine power
stations were summarized on Table 7 and compared to the results of this study. Findings were similar,
even though sampling methods and plant operations differed among the studies. Survival of fish from
MNPS Unit 3 appears to be similar to that found at Brayton Point, Mass. and greater than at Pilgram,

- Mass. for similar wash cycles. Initial survival for demersal species was similar to that at Oyster Creek,
N.J. even though less time elapsed between screen washes there.



- Common Percent Extended Survival

Species ‘Name Unit 3 Unit3 - Unitl

L : (1993) (1986)

.Anchoa mitchilli bay anchovy 0 0 -0
Brevoortia tyrannus Atlantic menhaden 0 0 0
Callinectes sapidus blue crab 75 100 . 86
Cancer irroratus rock crab 91 83 92
Carcinus maenus green crab 82 77 62
_ Gasterosteus aculeatus threespine stickleback 86 72 91
Homarus americanus American lobster 100 86 38
Libinia spp. spidercrab ' 89 94 7
. Loligo pealei Atlantic long-finned squid 6 . 0 0
Menidia menidia Atlantic silverside 0 0. 0
Myoxocephalus aenaeus - grubby 86 97 74
Neopanope texana mud crab 95 86 100
* Ovalipes ocellatus lady crab (! 90 81
Peprilus triacanthus butterfish 0 2 .0
" . Pomatomus saltatrix bluefish 0 0 0
Pseudopleuronectes americanus  winter flounder 04 100 86
" Syngnathus fuscus northem pipefish 92 91 16
Tautogolabrus adspersuts cunner 67 86 20

! .Conclusion

Improvements to the Unit 3 fish retum system more than doubled the percentage of fish returning the ,
-Long Island Sound. Removal efficiency exceeded the targeted rate of 70%. Survival of most organisms
returned was high, especially for demersal fish and crustaceans. The commercially and recreationally
‘important winter flounder and American lobster both had rates of return greater than 80% and 72-h
survival of more than 90%. The improved efficiency of the Unit 3 fish retum sluiceway has lessened the
impact of impingement on the local aquatic community. ' '



. Species Wash Holding
- ..Power Station ~ Species groupd  cvcle (h)  period (h) % .
i : Survival Remarks Reference
Bowline, NY  white perch P o® 96 56 Not adjusted for King et al.
white perch P 4 96 19 control mortality, 1977
" Brayton Point, Atantic silverside ) 0-8 48 43 LMS 1985
MA bay anchovy P 0-8 48 0
northern pipefish D 0-8 48 94
tautog D 0-8 48 95
winter flounder D 08 - 48 75
" Brayton Point, Auantic silverside P 0-8 48 18 LMS 1986
’ MA bay anchovy P 0-8 48 2
cumner D 0-8 48 75
grubby « D 0-8. 48 100
"tautog D 0-8 48 98
winter flounder D 0-8 438 94
"Danskammer P1, white perch P 0 84 40-61  Adjusted for King et al.
-NY white perch P 4 84 9 control mortality 1977
Atlantic tomcod D o 84 83
Atlantic tomcod D 2 84 87
. Oyster Creek, blueback herring ) 2 none¢ 17 Tatham et al.
NI Atlantic herring P 2 nonec 8 1977
bay anchovy P 2 none¢ 7
Atlantic silverside P 2 none¢ 34
northern pipefish D 2 nones 90
striped scarobin D 2 none¢ 82
smallmouth flounder D 2 none® 74
winter flounder D 2 nones¢ 85
blue crab c .2 nonet 93
Pilgrim, MA  Athantic silverside P 8 56 3 Data combined for Anderson
grubby D 8 56 30 1984-85 studies. 1985a,b
winter flounder D 8 56 33
. Pilgrim, MA  Atlantic silverside ) 8 none¢ .77 Anderson 1993
tlautog D 8 nones¢ 87
grubby b 8 none¢ 95
winter flounder D 3 nones 88
Roseton, NY  white perch P 0 84 29-60 Adjusted for N King et al.
white perch P 4 84 23-36  control mortality ' 1977
Atlantic tomcod D 0 84 81 '
Atlantic tomcod D 2 84’ 72

* ‘P indicates pelagic, D demersal, and C crustacean.
b 0 indicates continvous wash .
¢ Immediate survival estimates given as relatively few specimens held for delayed monality.

10.



" References Cited

.\ . Anderson, RD. 1985a. Impingeinerit of ofganisms at Pilgram Nucléar Power Statipn (January-
y- December 1984). vi + 26 pp. in R. D. Anderson and L.N. Scotton. Marine ecology studies related to
operation of Pilgram Station. Semi-annual Rep. No. 25. January 1984-December 1984. Nucl.

Mangement Serv. Dept., Boston Edison Co., Braintree, Mass. :

" Anderson, RD. 1985b. Impingement of organisins at Pilgram Nuclear Power Station (January-June
-+ -198S. vi + 14 pp. in R. D. Anderson-and L.N. Scotton. Marine ecology studies related to operation
‘of Pilgram Station. Semi-annual Rep. No. 26. January 1984-June 1984. Nucl. Mangement Serv.
." Dept., Boston Edison Co., Braintree, Mass. L -

“Anderson, R.D, 1993. Impingement of organisms at Pilgram Nuclear Power Station (January-
December 1993. vi + 14 pp. in R. D. Anderson. Marine ecology studies related to operation of
Pilgram Station. -Semi-annual Rep. No. 43. January 1993-June 1993. Nucl. Mangement Serv.

" Dept., Boston Edison Co., Braintree, Mass. : :

. King, L.R., J.B. Hutchinson, Jr. and T.G. Huggins. 1977. Impingement survival studies on whité
. pexch, striped bass and Atlantic tomcod at three Hudson River power plants. Pages 217-234 in LD.
Jensen ed. Fourth national workshop on entrainment and impingement. E.A. Communications,
Melville, N.Y.

.~ Lawler, Matasky and Skelly Eng. (LMS) 1985. Brayton Point Station Unit No. 4: Angled screen intake
.biological evaluation program. 1984 Ann. Rpt. Prepared for New England Power Service Company.

Lawler, Matasky and Skelly Eng. (LMS) 1586. Brayton Point Station Unit No. 4: Angled screen intake
_biological evaluation program: 1985 Ann. Rpt. Prepared for New England Power Service Company.

Northeast Utilities Service Company (NUSCO). 1986. The effectiveness of the Millstone Unit 1
. sluiceway in returning impinged organisms to Long Island Sound. Submitted by Northeast Utilities
Service Company to the Connecticut Department of Environmental Protection. 18 pp.

‘Northeast Utlities Service Company (NUSCO). 1988. The effectiveness of the Millstone Unit 3
. Sluiceway in returning impinged organisms to Long Island Sound. Enclosure 3 to Letter D01830
dated January 29, 1988 from E.J. Mroczka, NUSCO to L. Carothers, Commissioner, Connecticut
Depart. Environ. Prot. '

Tatham, T.R., D.L. Thomas, and G.J. Miller. 1977. Survival of fishes and macroinvertebrates

impinged at Oyster Creek Generating Station. Pp. 235-244 in L.D. Jensen, ed. Fourth national
workshop on entrainment and impingement. E.A. Communications, Melville, N.Y.

11



) A
;;-;7 S n\:umwo‘ _ v
. '4/75/11\\\\ Nuclear Energy ‘-..

)

el
R
il

Millstone Nuclear Power Station
Northeast Nuclear Energy Company
P.0. Box 128

Waterford. CT 06385-0128

(203) 447-1791 .

Fax (203) 444-3277 .

October 20, 1994 The Northeast Utilities System

DO8071

.. - Mr. Timothy Keeney, Comnﬁssipner
- Department of Environmental Protection

79 Elm Street

' Hartford, CT 06106-5127

References: 1. Letter (D02278), E.J. Mroczka to L. Carothers, dated October 28, 1988
' 2. Letter (D03141), E.J. Mroczka to L. Carothers, dated October 31, 1989
3. Letter (D04143), E.J. Mroczka to L. Carothers, dated October.30, 1990

4. Letter (D05008), J.F. Opcka to T. Keeney, dated October 29, 1991

‘5. Letter (D05905), J.F. Opeka to T. Keeney, dated October 29, 1992

6. Letter (D06995), C.F. Sears to T. Keeney, dated October 21, 1993

Dear Commissioner Keeney:

Millstone Nuclear Power Station

Ecological MQni(gn'ng Program

Northeast Utilities Service Company (NUSCO), as agent for Northeast Nuclear Energy Company
(NNECO), during October of the previous six years has presented to the Connecticut Department

-of Environmental Protection (DEP) an update on the status of the Millstone Nuclear Power Station

(MNPS) fish return sluiceways (References 1 through 6). Attached is the Progress Report on the
MNPS Fish Return System (Enclosure 1). It includes the results of a one-year study to determine
the effectiveness of.the MNPS Unit-3 Fish Retum System as well as a summary of the number of
days the MNPS Unit 1 Fish Return System has been out of service.

Over 90% of the organisms impinged at Unit 3 were retumned to Long Island Sound via the fish |

-return sluiceway and survival of most organisms returned was high, especially for demersal fish

and crustaceans. No further studies of impingement at MNPS are presently planned. The MNPS
Unit 1 fish return slniceway may be taken out of service for relatively short periods due to high'
debris loads and subséquent re-impingement of returned material. The number of days the Unit 1
fish return was taken out of service in 1993 was 33; future summaries will be reported in

' forthcoming Annual Reports of Ecological Studies for MNPS. Any unusual impingement events

/

-at Unit 2 (more than 300 organisms in a 24-hr period) that occur will be reported to the DEP as per

- the annual study plan.

If you have any qucsfions after reviewing this submission, plea§e call Milan Keser, NUSCO
Environmental Services Division, at (203) 444-4238.

Very truly yours,

Northeas Nuclc@v @mpany
D. Miller v )

' Vice President

0S3422-S REV. 1-4
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Enclosure
cc:  Mr. Charles Fredette

Connecticut Department of

.Environmental Protection

79 Elm Street .
Hartford, CT 06102-5127

Mr. Emest Beckwith
Connecticut Department of

" Environmental Protoctjon

79 Elm Street
Hartford, CT (_)6102-5127~

Mr. Eric Smith
Connecticut Department of
Environmental Protection
Marine Fisheries Office
P.O. Box 714

0Old Lyme, CT 06371

Mr. Stanley Modzelesky
Executive Assistant .
Connecticut Siting Council
136 Main Street, Suite 401
New Britain, CT 06051
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Executive Summary

This report presents the results of a-feasibility study of design alternatives for returning aquatic
‘organisms impinged at Millstone Unit 2 to Long Island Sound. The report consists of a review
“of historic impingement, a review of current technologies available to protect aquatic organisms
. at water intakes, a comprehensive review of selected alternatives, including an engineering
B evaluation, a biological evaluation, order of magnitude cost estimates, and a review of permits
needed for construction of each alternative.

- Available technologies include fish diversion systems, physical barriers, behavioral barriers and
~fish collection systems. Fish diversion systems include angled screens, modular incline screens,
and angled bar racks. Physical barriers include dual-flow screens, wedge-wire screens, and

- . submerged diversion sills. - Various behavioral bariers, including strobe lights, air bubble

curtains, sound, mercury light, electric screens, jet curtain and hanging chains, have been tested
- at cooling water intakes to divert fish. Fish collection systems including sluiceways and modified
traveling screens have been used at a number of power plants. A review of available
technologies revealed that fish collection systems have been most effective in improving survival
of impinged aquatic organisms.

The four altematives chosen for further investigation were all fish collection systems and
include:

1. A sluice pipe that terminates on the rock outcrop between Units 1 and 2.

2. A sluice pipe that extends to the existing Unit 1 sluiceway.

3. Install Ristroph screens - as found at Millstone Unit 3 with sluice pipe.

4. Install Ristroph screens - as found at Salem Nuclear Power Station with sluice pipe.

After completing engineering and biological evaluations, a sluiceway that terminates on the rock

.outcrop between the Units 1 and 2 intake structures, as described in Alternative 1, is proposed.
The proposed sluiceway is much shorter in length than Alternative 2; thus it is less likely to clog
with debris and will return the organisms to the water more rapidly. Studies conducted near the
Millstone Unit 2 intake revealed that after release only 5% of the winter flounder were
reimpinged. The terminus of the sluiceway is proposed to be placed on the south side of the rock
outcrop closer to the Unit 1 intake, which should further reduce reimpingement.

A comparison of results between two survival studies showed little difference in the survival of
aquatic organisms impinged and returned at Unit 1 (85 psi sprayers) to Unit 3 (10 psi sprayers).
These results has been observed at other power plants where hardy demersal fish, crabs and
Jobsters exhibit good survival. Based on these results, the existing spray wash system is
proposed to be used to return organisms to the sluiceway. Along with the organisms, the debris
will also be returned down the slmceway, which will result in 100% return of all aquatic
organisms to LIS.



- After installation, a study of the survival of organisms feturned via the Unit 2 shuiceway is
proposed. The study is planned to be similar to those conducted at Millstone Units 1 and 3.
Samples will be collected every other week for a one-year period. Aquatic organisms collected
" at the terminus of the sluiceway will be brought back to the NU Environmental Lab and held for
a period of 72-h. Both initial and delayed mortality will be determined.



Section I. Introduction

. This report presents the results of a comprehensive feasibility study of aquatic return design
" “alternatives for the Millstone Unit 2 cooling water mtake to reduce the effects of impingement of
- juvenile and adult aquatic organisms.

+ MNPS is situated on Millstone Point, about 8 km west-southwest of New Londorf ofi the
~ Connecticut shore of Long Island Sound (LIS). The property; covering an area of about 200 ha, is
_bounded to the west by Niantic Bay, to the east by Jordan Cove, and to the south by Twotree Island
" Channel. Strong tidal currerits predominate in the vicinity of Millstone Point and influence the
physical characteristics of the area. Average tidal flow through Twotree Island Channel is
-approximately 3,400 m’x sec” and at maximum is about 8,500 m® xsec”. Current velocities are
.about 1 to 1.8 knots in the channel, slightly less (1 to 1.5 knots) near the plant and in Niantic Bay.
The currents are driven by semi-diurnal tides that have a mean and maximum range of 0.8 and 1.0
- m, respectively. The greatest temperature variation has been observed in nearshore areas where
water temperature can vary from -3 to 25°C; salinity varies much less and ranges from 26 to 30%o.-
* The bottom is generally composed of fine to medium sand throughout the area, but also includes
‘'some rock outcrops and muddy sand, especially near shore. Strong winds, particularly from the
‘southwest, can at times result in locally heavy seas (to 1.5 m or greater) near Millstone Point.

Millstone Unit 2

* Millstone Unit 2 is an 870-MWe pressurized water reactor that began commercial operation in
December 1975. Cooling water is drawn from depths below about 1 m mean sea level by a -
shoreline intake located on Niantic Bay (Fig. 1). The intake structure, typical of many coastal

" ‘power plants, has a curfain wall which extends below lowest mean water level, coarse bar racks that
exclude debris and fish larger than 2-inches in size, and 3/8-inch mesh vertical traveling screens to
prevent smaller fish and debris from entering the pump forebay. The curtain wall prevents warm
surface water, ice and surface marine organisms from entering the intake. The intake has lateral
fish passageways installed in the bay walls upstream of the traveling screens to allow fish to escape
the screen faces. A typical intake section is shown in Figure 2. The intake structure contains four
separate bays, designated from north to south as ‘A’, ‘B’, ‘C’ and ‘D’ Bays. The ‘A’ Bay contains
. the ‘A’ Traveling Screen, the ‘A’ Service Water Pump, and the ‘A’ Circulating Water Pump; the
‘B’ Bay contains the ‘B’ Traveling Screen, the ‘B’ Service Water Pump, and the ‘B’ Circulating
Water Pump; the ‘C’ Bay contains the ‘C’ Traveling Screen, the ‘C’ Service Water Pump, the ‘A’
Screenwash Pump, and the ‘C’ Circulating Water Pump; the ‘D’ Bay contains the ‘D’ Traveling
Screen, the *B’ Screenwash Pump, and the ‘D’ Circulating Water Pump.

The four circulating water pumps in the intake structure are rated at 137,200 gpm each, delivering a
total maximum flow of 548,800 gpm (~1,220 cfs) cooling water to the condensers. The intake also
contains three service water pumps, each rated at 12,000 gpm (~27 cfs) each. The water velocity
approaching the traveling screen is about 0.8 fps (NNECO 1976).

The Unit 2 screenwash system operates automatically in accordance with the differential pressure
(dp) across the traveling water screen. Instrumentation on each screen measures differential
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' pressure between the upstream and downstream sides of the traveling screen and inputs to level
- switches that control the screenwash pumps. At 6 in. water dp, the selected screenwash pump

motor autostarts and runs about 8 minutes while the traveling screen drive motors run in slow (5

~ fpm) speed (if screenwash water pressure is >50 psi); at 9 in. water dp, the traveling screen

motors go into fast (20 fpm) speed; at 12” water dp, 2 high level alarm annunciates, and at 30”
water dp the associated Circulating Water Pump trips. The traveling screens are vertical through-
flow type manufactured by Stephens-Adamson (Fig. 3). The traveling screen drive motor is an

. Allis-Chalmers dual-speed unit, operating at either a rated load of 7.5 HP. (during fast speed
. operation) or 1.875 hp (during slow speed operation). The screenwash pumps provide a rated

flow of 1760 gpm each at 210 f. head (approx. 93 psi) with a motor rated load of 125 HP,
through a 10 in OD lined carbon steel header with five 6 in. take-offs, one for each of the

’ travclmg screens, and one for spraying down the trash trough to provide motive flow for

sweeping the debris down the pitched trough to the trash basket pit outside the south side of the

Jintake structure (NNECO 1976)

o Impingement of Aquatic Organisms at Millstone Unit 2

Impingement at Millstone Unit 2 was intensively monitored to quantify losses and determine

- local species impacted beginning in September 1975, just prior to full-power operation (NUSCO

1987a). Monitoring at Unit 2 was discontinued in December 1987, when the CT DEP agreed that
after 11 years of sampling, impingement losses had been well-documented and that further
quantification was unnecessary.

Beginning in 1976, all impinged organisms were collected, identified, and counted daily over a
24-h period (Jacobson et al. 1999). In 1977, collection frequency was reduced to three 24-h
samples per week and monthly impingement rates were estimated from the count data and actual
water volumes. Within each month, an estimate for each day not sampled was calculated by

‘multiplying the average impingement density (number-m* of cooling water used on days

sampled) by the volume of cooling water on days not sampled. Monthly and annual
1mpmgement estimates were sums of daily impingement, either actual counts or estimated. A
simulation data analysis showed that at this reduced level of effort, more than 85% of all
impinged organisms were represented. Beginning in 1984, samplmg effort was further stratified
to increase the precision of impingement estimates for winter flounder and other fishes that were
primarily taken during late winter, a period of high impingement. Sampling effort ranged from
once weekly (April-November) to three (March) or four times per week (February).

Impingement rates at Unit 2 decreased following the removal of a coffer dam in 1983 that was in
place during the construction of the Unit 3 intake structure. This coffer dam existed when Unit 2
began operating and it provided a reef-like habitat in the vicinity of the Unit 2 intake. Analysis
of daily monitoring data revealed a significant (p<0.01) reduction in the average number of

organisms impinged at Unit 2 after the coffer dam removal (NUSCO 1987a). A further decline
in Unit 2 impingement was evident when Unit 3 began operating. Changes in water circulation
patterns caused by the start-up of Unit 3 probab]y contributed to this decrease in impingement at
Unit 2.
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' Duriﬂg the years that impingement sampling was conducted at Millstone Unit'2, ov.er 100 taxa of

marine organisms were collected. At Unit 2, an estimated 390,000 American sand lance were

‘impinged during one 24-h sampling period in July 1984; this single event of sand lance

impingement during 1984 accounted for nearly half of the total impingement from 1976 through

'1987. Excluding the single sand lance impingement event, five fish taxa dominated

impingement. These were the winter flounder, anchovies, grubby, silversides and Atlantic

tomcod (Table 1).

- In 1981, a study was conducted to determine the feasibility of backfitting the Unit 1 and Unit 2
-intakes with fish retun sluiceways (NUSCO 1981). As a result of this study, a sluiceway was
_ constructed at Unit 1. A sluiceway at Unit 2 was deemed not prudent at the time because of

recirculation concerns caused by its location between Units 1 and 3.
Available Alternatives

Biologists and engineers have conducted extensive research to develop methods to protect fish at

- water intakes. Throughout the design, construction and operation of MNPS, consideration was

given to ways of reducing impingement. In earlier years of MNPS operation (early 1970’s),
devices tested to divert fish from the intakes included electric fish screens, fish barrier nets,
acoustic devices, underwater lights, and surface and bottom booms. None of these devices was
found to reduce impingement in any measurable and consistent manner. Research has been
conducted since the early 1970’s to develop technologies to lessen impingement effects.
Available technologies include fish diversion systems, physical barriers, behavioral barriers and

 fish collection systems (Taft 1999).

Fish diversion systems include angled screens, modular incline screens, and angled bar racks. -
Angled screens are essentially modified traveling screens with a flush surface to guide fishto a
bypass These screens are not effective for fragile species and hardier species exhibit survival
rates ranging from 50 to 100%. To employ angled screens, specific hydraulic conditions need o

“exist and high debris loading can cause problems. Modular incline screens consist of an entrance

with trash racks, dewatering stop logs in slots, inclined screen set at a shallow angle, and a
bypass. Studies to date have only evaluated applications at hydroelectric facilities. ‘No full-scale

- facility has been constructed and operated at a steam electric plant. Angled bar racks have only

been tested for migratory fish in rivers. No studies have been conducted to determine the
potential use at cooling-water intake structures.

Physical barriers include dual-flow screens, wedge-wire screens, and submerged diversion sills.
Dual flow traveling screens (single entry/double exit or double entry/single exit) have increased
surface area for water filtration. The greater screen filtration area allows for lower through-screen
velocities. Two dual flow traveling screens were installed at Calvert Cliffs Nuclear Power Plant.
There was no difference in the survival rates of impinged fish between dual-flow and
conventional traveling screens (LMS Engineers 1989). Wedge-wire screens are passive and use
“V” or wedge-shaped cross section wire welded to a framing system to form a slotted screen.
Ambient currents with high velocity cross-flow are needed to carry organisms away from



screens. Wedge-wire screens have been successfully employed at two power plants: JH.
Campbell Plant Unit 3 on Lake Michigan and Eddystone Station Unit 1 on the Delaware River
(NUSCO 1993). The flow rate, biofouling, detritus, and sand loads at MNPS are much higher.

than at either Campbell or Eddystone. The ambient flow-velocitiés approach zero at slack tides
and currents are variable with tide at MNPS, so that high velocity cross-flows necessary for
screen flushing are not available. A submerged diversion sill is a V-shaped barrier on the bay

- floor that is constructed of J ersey-barrier concrete units about 6 feet high. This would have some

potential of diverting some benthic organisms away from the plant. However, silt build up is a

potential problem. Unless periodically dredged, the build-up of silt would render the sill

ineffective as a diversion barrier. The effectiveness of the sill could only be determined by
testing. The sill could disrupt existing water flows and possibly increase debris load and
impingement and entrainment of organisms by attracting reef fish such as tautog and cunner.

Various behavioral barriers including strobe lights, air bubble curtains, sound, mercury light,
electric screens, jet curtain and hanging chains have been tested at cooling water intakes to divert

. fish (Stone and Webster 1994). Air bubble curtains, water jet curtains, and hanging chains have

all been found to be ineffective as fish protection measures (Micheletti 1988). Strobe lights,

mercury lights and sound have worked to repel selected single species. High-frequency (120 Hz)
sound had shown to effectively repel herrings (American shad, alewife, and blueback herring).

However, other studies have shown that sound has failed in repelling largemouth and -

* smallmouth bass, yellow perch, walleye, rainbow trout, gizzard shad, and bay anchovies.
Mercury lights have been shown to be species specific with some fish being repelled and others
being attracted. Behavioral barriers have shown some limited success for specifically targeted
species. However, considering that over 100 different species have been recorded at the MNPS

‘intakes, they would most likely be of little value here.

Fish collection systems have been shown to improve fish survival. Modified traveling screens or
“Ristroph screens™ have been successfully used at a number of power plants, including Salem
Station, Delaware River, N.J.; Indian Point, Hudson River, N.Y; Surry Station, James River;
Opyster Creek, Barnegat Bay, N.J.; Brayton Point, Mt. Hope Bay, MA.; and Millstone Unit 3.
.Each screen basket is equipped with a water-filled lifting bucket which safely contains collected
fish as they are carried upward with the rotation of the screen. Fish are then washed from the
‘buckets into a collection trough and are transported to a safe release location. '

A review of available technologies (Taft 1999) revealed that collection systems have been most
effective in improving survival of aquatic organisms. As such, the four alternatives selected for
further investigation were all fish collection systems and include:

1. A sluice pxpc that terminates on the rock outcrop between Units 1 and 2.

2. Asluice pipe that extends to the existing Unit 1 sluiceway.

3. Install Ristroph screens - as found at Millstone Unit 3 with sluice pipe.

4.  Install Ristroph screens - as found at Salem Nuclear Power Station with sluice pipe.



Permitting

The following discusses potential environmental permits and approvals required for proposed Unit 2
- aquatic organism return design alternatives:

- -.. - . | L . 3

Written CT DEP Bureau of Water Management approval/concurrenée with the selected design
alternative is required in accordance with terms and conditions of Millstone Station’s NPDES Permit.
Permit determinations may be required under various Connecticut General Statutes (CGS) and

regulations. Discussions will be held wnh the department to determine the applicability of such
statutes and regulations. * .

For example, all alternative designs may require NNECO to submit a Permit Application for
Structures, Dredging and Fill under Connecticut General Statutes (CGS) 22a-361 to the CT DEP
Office of Long Island Sound. CT DEP authorizations for activities in the states coastal area include an
evaluation by the Office of Long Island Sound Program regarding consistency and concurrence with
the coastal zone management program. However, while a structures, dredging and fill permit may be
_required prior to conducting work waterward of the high tide line in tidal, coastal, or navigable waters
of the State, none of the alternatives propose work waterward of the high tide line. '

Alternative #2 proposes to build a Unit 2 fish return which ties into the Unit 1 sluiceway. Unit 1 has a
Section 22a-361 Certificate of Permission (No. 199802106-KZ) which was issued on October 4, 1998
. authorizing the installation of the Unit 1 metal sluice pipe and support saddle. Work conducted on
the Unit 1 sluiceway, other than routine maintenance (as defined in the Perrmt and CGS 22a-363(a))
may require an amendment to the COP.

€ the

This project may be eligible for General Permits as authorized by the New England District of the
U.S. Amy Corps of Engineers. The Army Corps of Engineers issues a Programmatic General Permit
(PGP) which expedites the review of minimal impact work in coastal and inland waters within the
State of Connecticut. Category I projects are eligible without screening, and non-reporting. Category
II requires a determination of eligibility made during a review /screening meeting by the Corps, -
Federal Resource Agencies, and the CT DEP. Discussions will be held with the Department relative
to 401 Certification and the Army Corp. regarding PGP eligibility.

Local Government Permits

NNECO will forward copies of any Permit Application submitted to the Town of Waterford Planning
and Zoning Office, Conservation Commission, Harbor Management Commission, and Shell Fish
Commission to request that each office or commission review the project to determine whether the
work is regulated by the Town of Waterford.



" Costs o .
A cost of about $1,400,000 is estimated for either Altemative 1 or Alternative 2.

Altemativ'e‘s. 3 and 4 are somewhat similar in nature. Piping costs would be the sameas -~ .
~ Alternatives 1 and 2 ($1,400,000). An additional cost for screen modifications of $3,500,000 is
estimated for either Alternatives 3 or 4.

Sluiceway Pipe Screen Modiﬁcations Total Cost

~Alternatives 1 $1,400,000 N/A $1,400,000
Alternatives 1 $1,400,000 N/A $1,400,000
Alternatives 3 $1,400,000 $3,500,000 $4,900,000
~ Alternatives 4 $1.400.000 $3,500.000 $4.900.000

-

Section II. Aquatic Return - Conceptual Review of Selected Alternatives
Alternative 1

~ Engineering Evaluation

Brief Description of Option:

Construct a trough or pipe from the existing Unit 2 trash basket trough through the security fence
terminating in a sluiceway that runs along the westem seawall and .discharges from the rock
outcrop between Units 1 and 2 (Fig. 4).

Technical Feasibility of Option:

. There were two design considerations evaluated for this alternative. The adaptability of the
. existing screenwash system to support flow rates required to provide the motive force necessary
~ to wash both the aquatic organisms and any other debris back out to the Niantic Bay was the -
_primary consideration. A second consideration was that of preventing reimpingement of aquatic
organisms and recirculation of detritus. Based on the screenwash system design flows, an
estimated sluiceway flow rate of 1320 gpm would be expected, since approximately 25% of the
screenwash spray is lost back into the intake bays. This flow is more than sufficient for moving
debris and aquatic organisms down the additional 150 ft. length of sluiceway piping. The
sluiceway is proposed to be added adjacent to the trash pit at the exit of the trash trough and will
consist of 15 in. OD smooth-walled lined steel or fiberglass piping with large radius elbows and
a slope of approximately 0.01 ft/ft along the flattest run, and then a slope of approximately 0.40
/Rt at the chute end. A diverter plate will also be installed between the sluiceway and the trash
pit and positioned to place the new sluiceway or the trash pit in service. '

‘Heavy debris loading may result in operational difficulties if recirculation becomes a large
problem. This is an important consideration from the standpoint of having increased debris



. loadmg on the screens in the bays that provide water to the safety-related service water pumps, -
which would increase the probability of a’loss of service water. However, the greatest risk of
fouling due to recirculation would be at the ‘D’ intake bay, which contains the ‘B’ Screenwash -
Pump, but no safety-related service water pump. The Salem Station solved its recirculation
~ problem by having two sluiceway discharges, one on each side of the intake structure, witha
manual diversion valve to direct the sluiceway discharge in accordance with tidal conditions; i.e.,
discharge to the south side of the plant when the tide is going out, and to the north side of the
;plant when the tide is coming in. With Unit 1 no longer operating, this would be acceptable

- when the tide is going out, but not when the tide is coming in due to Unit 3’s intake being to the

‘north and west of the Unit 2 intake. Thus the Unit 2 sluiceway discharge to the north'would have
~ tobe extended just beyond the northwest side of Unit 3’s intake. Clearly the extent of cxcavatlon
makes this dual-discharge sluiceway design impractical for apphcatlon at Unit 2.

A dive'rsion plate design is proposed for any sluiceway at Millstone Unit 2 to allow operational
~ flexibility. This diverter plate could be used during heavy debris loading conditions and would
‘be designed to transfer debris into trash baskets instead of the sluiceway, if conditions threaten
the safe operation of the plant.

- Scope of Modiﬁcations:

The scope of the modifications would be performed under the oversight of security, as the
protected area barrier will be breached during the proposed construction process, and
compensatory actions will be required. A new screenwash trench/sluiceway would be cut into
the existing intake structure exterior concrete slab and covered with checkered plate properly
secured to meet security requirements. In addition, the intake structure exterior concrete slab

- would be cut to accommodate the new sluiceway diverter and cover plates. A transition piping
section will be utilized to connect the rectangular cross section at the exit of the screenwash
trough with the sluiceway piping. This enables the sluiceway to be unbolted from its pipe
hangers and removed in the future, if necessary, to unclog or perform other maintenance of the
sluiceway piping. The sluiceway would also be connected together as three flanged piping
sections to enable any of the sections to be removed for maintenance. The sluiceway piping will
be attached to the seawall and then elbow out at a 45° angle to the end of the outcropping of rock
between Units 1 and 2.

Biological evaluation

The proposed aquatic organism return is similar to the sluiceway employed at Unit 1 since
December 17, 1983. After the installation of the Unit 1 aquatic organism return, a study to
examine the survival of fish and invertebrates using the sluiceway was conducted from January
1984 through July 1985 (NUSCO 1986). Twenty-three samples were taken in the sluiceway pipe
in the early moming. To collect organisms, a net was placed in the sluiceway pipe and all
organisms and material entering the sluiceway were collected during a 20-min wash cycle. The
net was emptied periodically. Specimens were returned to the laboratory and held in tanks with
running secawater for up to 72 hours. Dead organisms were removed and measured, following the.
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initial collection pcnod and after6 and24 h. After72h a]l orgamsms were removed, measured
and live organisms were released Any individual that Jooked stressed was recorded as dead.

Forty-five species of fish and nine macroinvertebrates were collected in sluiceway samples. .
Numerically, 1,356 specimens were collected during the study. Survival of each species was
calculated based on the propornon of specimens alive at 6-, 24- and 72-h observations (Table 2).
For some survival estimates species were assigned to three groups, pelagic (18 fish species),
demersal (27 fish species), and crustaceans (8 crabs and lobsters). The Atlantic long-finned squid
was placed in its own group because it is fragile and difficult to keep alive following collection.
These groupings were based on habitat and body types. Free-swimming fish such as herring,
Atlantic silversides and butterfish were considered pelagic, bottom fish such as sculpins and
flounders as well as those with armored or hard integument such as sticklebacks and northern
pipefish were classified as demersal.
The demersal and crustacean groups had the greatest survival with overall survival rates of 77
and 71%, respectively. Few pelagic fish survived impingement and sluiceway passage. No
Atlantic long-finned squid survived impingement. These results were compared to other
. northeastern Atlantic coastal or estuarine power plants in Bowline, NY, Brayton Point, MA,

- Danskammer Point, NY, Oyster Creek, NJ, Pilgrim, MA, and Roseton, NY (NUSCO 1986).
. Although sampling methods and plant operational characteristics differed among the plants, the
overall findings were similar. Generally, pelagic fishes had relatively high mortality whereas
demersal fishes and crustaceans had good survival.

. From 1981 to 1983, 299 tagged winter flounder were released near the proposed terminus of
- Alternative 1 (NUSCO 1986). Of these, 198 were fish that had been captured by trawl and 101
-were fish that had been collected alive in impingement samples. Fifteen of these fish (5%) were
subsequently re-impinged and 17 were recaptured by sport and commercial fisheries. On only -
one occasion were more than two tagged fish impinged. This occurred after the June 3, 1981
release, when nine fish out of 89 released were recaptured. These were the only fish that had
been released at night. ' '

. No seaweed recirculation study has been conducted at Unit 2. However a study done at Unit 3

-where the sluiceway terminus is located against the wall of the intake structure revealed out of
440 pieces of seaweed marked with a biodegradable material, 10 pieces (2%) were recirculated.
back to the Unit 3 intake.

Alternative 2

| Engineering Evaluation

Brief Description of Option: .

Extend a pipe from the intake trash basket pit, running along the western seawall between the

‘Units 1 and 2 Intake structures, around the Unit 1 Intake structure, then tap into the existing Unit
1 sluice pipe with a wye connection, subsequently emptying back into Niantic Bay (Fig. 4).
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‘Technical Feasibility of Option:

" The same two design considerations as those for Alternatlve 1 were evaluated. The adaptability
. of the existing screenwash system to support flow rates required to provide the motive force
‘necessary to wash both the aquatic organisms and any other debris back out to the Niantic Bay
- was one consideration. The second ¢onsideration was that of preventing reimpingement of
aquatic organisms and seagrass back onto the screens after having returned them once back to the
.bay : .

-The screenwash flow of approximately 1320 gpm is sufficient for moving debris and aquatic
organisms down the additional 375 ft. length of sluiceway piping at a slope of approximately
0.004 fi/ft. After joining the Unit 1 sluiceway header, the combined sluiceway will run at about a
0.008 fV/ft slope and empty into the existing Unit 1 sluice pxpe However, the additional elbows,
the additional length and the reduced pitch of the piping run increases the likelihood of the

- sluiceway becoming more frequently clogged, possibly requiring frequent maintenance.

Scope of Modifications:

The modifications would be performed under the oversight of security, as the protected area
barrier would be breached during the proposed construction process, and compensatory actions
would be required. A new screenwash trench’sluiceway would be cut into the existing intake
structure exterior concrete slab and covered with checkered plate properly secured to meet

- security requirements. In addition, the intake structure exterior concrete slab would be cut to
accommodate the new sluiceway diverter and cover plates. A transition piping section would be
utilized to connect the rectangular cross section at the exit of the screenwash trough with the -
sluiceway piping. This would enable the sluiceway to be unbolted from its pipe hangers and -
removed in the future if necessary to unclog or perform other maintenance of the sluiceway
piping. The sluiceway piping would be run along the west face of the Unit 1 intake structure,
and then tied into the Unit 1 sluiceway at a wye connection at the proper elevation to enable
adequate flow by gravity. This point may be either inside or outside the protected area fence, and
-would require additional excavation and the temporary removal of the Unit 1 sluiceway from
service during installation of the wye connection as well as the final tie-in. ‘The newly installed
Unit 1 sluice pipe would be common to both Units 1 and 2.

Biological evaluation
Alternative 2 is similar to Alternative 1 except the sluiceway terminus would be further away
from the Unit 2 intake. Locating the sluiceway terminus away from the Unit 2 intake would

'~ prevent potential recirculation of fish and seaweed which is described in Alternative 1.

Alternative 3
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Engineering Evaluation '

Brief Description of Option:
Retrofit Ristroph-type fish baskets at the base of each traveling screen panel, similar.to that of
the Unit 3 traveling screens, add a low pressure (10 psi) fish spray header below the existing (85

psi) high pressure screenwash spray header,'and convert the existing fish/debris wash trough to a

“fish only” wash trough, emptying into a new sluiceway designed per Altemative 1 or 2 (Fig. 5).
Add a “debris only” wash trough above the fish wash trough that either empties into the new

- sluiceway or can be diverted to the existing trash basket pit, depending on debris loading .

- Technical Feasibility of Option:

Although Unit 3 was desxgned and built with Ristroph-type fish baskets noted aboyve, the initial -
rate of return of organisms was less than 50%. Additionally, debris loading causéd numerous
forced outages. The Unit undertook a complete redesign and retrofit of the traveling
screen/screenwash system. While the best available technology at the time was utilized, there

- were also lessons leamed from that experience that enable better assessment of which design
- attributes provided the greatest benefit. The design attributes specifically evaluated to be of

greatest benefit were the addition of non-metallic fish buckets, and the screen material change
from coated carbon steel to uncoated stainless steel.

The Unit 3 Traveling Screen/Screenwash design separates aquatic organisms from other debris
and discharges them to the northwest of Unit 3 intake structure. Debris is discharged to the
southeast of the intake into a trash hopper. During normal operations, the average water velocity
through each intake bay is approximately 0.79 ft/sec, slightly less than the average water velocity

~ through each Unit 2 intake bay, which is approximately 0.81 ft/sec. As the traveling screen

rotates, a low pressure (10 psig) spray header moves fish and other aquatic organisms into the
lower fish trough. As the traveling screen rotates upward, the high pressure (85 psig) spray
header washes seaweed, kelp and other debris into the upper debris trough, discharging it to the
trash basket pit/conveyor debris removal system. The traveling screens consist of screening
panels about 14 ft wide by 2 ft high with 3/8 in. mesh stainless steel cloth.

Discussions were held with a project engineer at Envirex, the manufacturer of the traveling
screens, who has been involved in many retrofit/upgrade projects (including Salem Station and to
a Jesser extent, Unit 3). These discussions have enabled the scope of modifications to be more
clearly identified to incorporate the beneficial design attributes of the Unit 3 design into the
existing Unit 2 traveling screen/screenwash system design.

To make more space available for the addition of an upper debris trough, the traveling screen
head sprocket assembly would have to be raised an additional 2 feet. ‘This would require 4
additional links of chain, and two additional screen panels. The upper trough would have to be
positioned such that the high pressure screenwash spray would clean off any debris, such as

. eelgrass and kelp, from the screen, washing it off into the upper trough, and sending it to the

sluiceway or trash basket. The existing high pressure screenwash spray header may require
repositioning at a higher elevation to ensure the proper spray angle is maintained to minimize
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‘;:arryover of debris. The existing lower debris trough would be utilized to transport the aquatic
- organisms removed with a newly installed low pressure spray header to the sluiceway. This low

pressure header would be added to the existing high pressure screenwash system but would be

-reduced in pressure through the use of pressure reducing valves or a series of orifices (similar to

the Unit 3 design). It is anticipated that sufficient flow capacity margin exists in the screenwash
system to accommodate this additional flow requirement; however, additional analysis will be
required to verify this. As with the Unit 3 design, non-metallic screen panels would be utilized

~ and will be an integral part of the screen panel assembly (Fig. 6). In addition, the coated carbon

steel mesh cloth would be replaced with 304 or 316 SS mesh, with a 3/8 in. square pitch. The
material change would enable the screens to remain uncoated, thus reducing the maintenance

costs associated with coating and re-coating them.

'Scope of Modifications:

"

* The scope of modifications would consist of removing and replacing the existing screen wash

spray hoods; removing and replacing the screen panels outfitted with SS mesh and new fish

" buckets, reworking the screén panel mounting configuration; remove and replace the chain drive,

adding two additional links; and raising the head sprocket assembly by approximately 2 feet.
Biological evaluation

In December 1993, NUSCO completed a 1-yr evaluation of the efficiency of the Unit 3 system in
separating aquatic organisms from debris and a study to examine the mortality of returned fishes

- and invertebrates. Samples were taken biweekly from January 1993 through December 1993.

Sampling was conducted in early moming shortly before dawn, as most impingement occurs at
night. Before a sample was collected, the traveling screens were washed to clean them of
previously accumulated debris and organisms and then were not allowed to rotate or wash for
about 2-3 h. On three occasions, high differential water level due to debris loading caused the
screens to run continuously and samples were taken during a 40-min period.

Organisms were simultaneously collected from both the sluiceway and debris troughs. To collect

-organisms from the sluiceway, a net was attached at the end of the sluiceway pipe. The screens

were rotated and cleaned and as material accumulated in the sampler during the approximate 40-
min wash cycle, the net was emptied about every 5 min. During the same time, organisms were
counted at the discharge of the debris conveyor system. Live organisms collected from the
sluiceway were retumed to the laboratory and held in tanks with running seawater for up to 72
hrs. Observations were made at 6 and 24 h following collection and dead organisms were
removed. Any specimen with obvious injuries or exhibiting aberrant behavior at the final 72-h
observation was classified as dead.

A total of 24 samples were taken during the study period and 32 species of fish and 11
macroinvertebrates were taken in sluiceway and debris trough collections. The numbers of fish
and macroinvertebrates collected from the sluiceway trough were compared to the numbers '
collected from the debris trough to determine the efficiency of the sluiceway. The percent
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’ efﬁéiencj} averaged 93% for all épecimeﬁs coliccted. The perc'eht.efﬁciency avcraged 96% for
- fishes and 86% for macroinvertebrates.

Organisms collected from the sluiceway were held in the laboratory for 72 h to determine their
survival. In general, demersal fish and crustacean groups had the greatest survival. Although
‘more than half of the pelagic fish and squid survived impingement and slulceway passage, most
died within the 72-h holding period (Table 3).

. The eleven most abundant species collected in the study had varying rates of survival, depending
on their body type. Over 40% of the Atlantic long-finned squxd initially survived impingement ,
but only 6% survived the 3-d holding period. This species is fragile and in previous studies most
did not survive initial impingement and none survived a 72-h holding period (NUSCO 1982,

. '1987). Atlantic silverside; Atlantic herring, and butterfish are all pelagic species and none
survived the holding period. However, most of the three abundant demersal fish species survived
impingement and had high 3-d survival rates: winter flounder (94%), grubby (86%), and
threespine stickleback (86%). All of the five dominant crustaceans had high survival rates,
which ranged from 71% for the lady crab to 100% for the American lobster. In general, only
crustaceans that were molting when impinged suffered high mortality. Survival of most

- . organisms classified as demersal and crustaceans exceeded 80%. These groups include the

commercially and recreational important winter flounder and American lobster.

The survival of impinged organisms at Unit 3 where 10 psi is used to wash organisms from the

" screens were similar to the survival at Unit 1 where 85 psi was used (Table 4). Only three
species: American lobster, northern pipefish, and cunner had higher survival at Unit 3 than Unit
1. A high proportion of molting lobsters was collected during the Unit 1 sluiceway study, which
could have accounted for the difference in the survival rates for that species. Many survival rates
were similar, regardless of spray wash pressure, indicating that the process of impingement on
* the traveling screens alone may be the cause of much of the mortality.

Alternative 4
Engineering Evaluation
Brief Description of Option:

Retrofit new traveling screen assemblies and upgrade the screenwash spray system to incorporate
. the specific design features. This new design would replace the existing screen panels with
hydraulically improved fish buckets integral to the bottom support member; change the basket
frame material to a lighter non-metallic composite material; change the existing 3/8” square
basket mesh size to a smooth woven mesh screen with a 4" x 12" rectangular mesh size; upgrade
screen drive motor and gearbox to enable increased screen rotational speed; add low pressure
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screenwash spray headers and fi sh trough to the east sxde of thé screens to facilitate the “over-the

- top” Ristroph basket fish removal concept; reposition the high pressure screenwash header so as

to spray off the debris from the back side of the screen, directing the debris to the existing trash
basket pit (Fig. 7). The fish trough will be designed to empty into a new sluiceway designed per
Altemnative 1 or 2.

" Technical Feasibility of Option:

The design objective of the most recent upgrade of the screenwash/traveling screen systems at

. the Salem Station was to improve the survivability of fragile aquatic organisms. Reducing
* turbulent flow in the fish buckets, transferring the fish gently from the fish buckets to the fish

trough, and reducing fish descaling during the impingement and removal process were concepts
incorporated into the design. Additional operational considerations included improving the
debns handling capability during peak debrls loading conditions.

| " The general conceptual design of the Ristroph traveling screen panels incorporates a fish bucket

that is integral to the bottom flange of each individual screen frame. The lip of this bucket curves

‘inward, forming a fish “sluice” on each screen panel (Figs. 8 and 9). As the screen rotates

upward out of the water, any otherwise impinged fish or aquatic organisms are retained in this
bucket until the individual basket panel rounds the top sprocket of the traveling screen assembly.

‘At that time, the bucket empties its contents across the basket screen face, with the assistance of
‘two inside low pressure spray headers and one outside, low pressure spray header.- The fish and

other aquatic organisms are washed into a fish trough which in turn empties into a fish sluiceway
and returned to the original body of water. The fish sluice trough would be made of smooth
fiberglass, is rectangular in shape with 6 in. radius rounded comers at the bottom, and its
dimensions are 30 inches wide and 18 inches deep, and provides at least 3 in. of water depth

* while the fish are being transferred. This is an optimum fish sluice trough design as

recommended by Fletcher 1990. As the screen panel continues further down the back side of the
traveling screen, two inside high pressure spray headers clean seaweed and other remaining
debris from the screen and wash it into the trash trough which at Salem Station is then diverted

‘back to the Delaware River in the direction of the tide to prevent reimpingement.

The non-metallic panels are made of a strong composite material in place of the existing steel in

* the construction of the panels. This allows the use of smaller sized stainless steel wire for the

screen mesh and a smoother screen weave pattem.  These changes increase the open area by 20-
25% and, as a result, reduce the velocity of water flowing through a unit area of screen mesh.
This reduction in velocity decreases the force an aquatic organism experiences while impinged
onto the screen and opens up more flow area for screening debris.. Mounting and structural

hardware for the fish basket have been relocat;d from the front of the screen to behind the new
screen mesh weave. This, in conjunction with the smooth weave pattern, has resulted in a

smooth, conti guous screen surface that eliminates ‘obstaclés that not only cause biological
damage to fish, but also inhibits the efficiency of debris removal. These new screen assemblies
could increase the ease of debrs removal from the screen basket panels, while also reducing
debris carryover to the circulating and service water system. In addition, the use of lighter
composite materials would enabled the screen rotational speed to be incréased from a maximum
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. 0f 17.5 fpm to 35 fpm, which greatly enhances debris removal capability. Unit 3 had also _
* increased their traveling screen carriage speed to resolve seasonal debris loading problems, and -
- currently have 4 speed screens based on increasing screen dP (5 fpm for a 6 in. dP, 10 fpm for a
7"dP, 16 fpm for'a 9dP, 32 fpm for a 10"dP). For companson Unit 2 has only two speeds, 5
fpm for a 6”dP, and 20 fpm for a 9”dP. By doubling the maximum speed during high debris load
. periods, the traveling screen unit has less debris on each screen, permitting the spray wash
. 'system to be more effective in assisting fish removal to the fish sluice trough and debris removal
to the debris sluice trough. This minimizes fish and debris bypassing the troughs and the carry-
-over of debris to the condenser. In addition, the debris filtration capability was increased, which

" - resulted in maintaining lower dP dcross the basket screen surfaces during periods of high debris

"loading. (Ronafalvy et al. 1999)
.- Several design considerations were evaluated. The two-trough system, i.e. one fish trough and
" one debris trough located on the back side of the traveling screen, requires additional height of
" the screen assembly, as in Altenative 3. In conjunction with this, two additional screen panels
and two additional chain drive links would be required. With much less physical room on the
back side of the screen asséinbly, extensive modifications to the rear splash housing are required.
The screenwash system capacity would have to be increased. With the Unit 3 screens the same
physical size as Unit 2’s, the screenwash flow capacity would be approximately 2/3, since Unit 3
has six bays whereas Unit 2 has only four bays. Thus, two-thirds of the 4000 gpm required for
~ Unit 3 for slow speed screen operation and 8000 gpm for fast speed operation would equate to
. approximately 2666 gpm for Unit 2 at slow speéd screen operation and approximately 5333 gpm
~ for fast speed screen operation. Clearly, 1760 gpm flow from each existing Unit 2 screenwash
pump would be insufficient. In addition, the screen drive motors would more than likely have to
upsized to a larger horsepower motor if increased rotational speed was desired for heavy debris
loading conditions.

Scope of Modifications:

The scope of modifications would consist of removing and replacing the existing screen wash
spray hoods with prefabricated ones that could accommodate the two-trough system on the back
side of the traveling screens; removing and replacing the screen panels outfitted with smooth SS -
mesh and new Ristroph style fish baskets, reworking the screen panel mounting configuration;
removing and replacing the chain drive, adding two additional links; raise the head sprocket
assembly by approximately 2 feet. The screenwash pumps would also need to be upgraded.

Biologicél evaluation

Salem Nuclear Power Station is located on the shores of the Delaware River and fish
-assemblages there differ from those found at Millstone. Unlike Millstone, where the dominant
species are hardy, demersal fish or crustaceans, the most abundant fishes at Salem are more
delicate pelagic species that do not survive impingement as well. To enhance survival of these

. fragile fish, a number of improvements were made to their Ristroph traveling screens, including
using hydraulically improved the fish baskets (Fletcher 1990), placing the fish trough on the back
of the screen, and using smooth stainless steel mesh screen panels (Rovafalvy et al. 1999). These
improvements enhanced survival of the dominant fish species at Salem. Initial and delayed (48
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, h) survival studies were conducted for the six most abundant species at Salem (Table 5).

Survival ranged from 18% to 98% for the dominant species (Salem 1999).

" As noted above, a comparison of survival of organisx.ns impinged at MNPS showed little

difference in the survival of fish wash off the travclmg screens at 10 psi (Unit-3) compared to 85
psi (Unit 1).

Section III. Selection of Final Option

A number of considerations were included in the selection of a preferred altemative. The survival

rate and return rate of the aquatic organisms, reimpingement and recirculation of debris, the
potential of the pipe to clog with debris, as well as the time frame to complete the project were

considered during the fina] selection process. After considering these factors, Alternative 1 (a
sluiceway that terminates on the rock outcrop between the Units 1 and 2 intake structures) was
selected.

A comparison of results between two previously déscribed survival studies showed little

- difference in the survival of aquatic organisms impinged and returned at Unit 1 (85 psi sprayers)

as compared to Unit 3 (10 psi sprayers). This is important as the Unit 1 sluiceway is comparable

-to Altemative 1 and the Unit 3 fish return was the basis for Alternative 3 (also similar to

Altemnative 4). Corresponding results have been observed at other power plants where hardy
demersal fish, crabs and lobsters exhibit good survival. Based on these results, the existing spray
wash system is proposed to be used to return organisms to the sluiceway. Returning both the
aquatic organisms and the debris down the sluiceway, as is done at Unit 1 (Altemnatives 1 and 2),
will result in 100% return of all aquatic organisms to LIS. Separating the organisms from the

debris, as is done at Unit 3 (Alternative 3 and 4), would result in return rates less the 100%.

Previous studies have also revealed that only 5% of the winter flounder were reimpinged when

released in front of the rock outcropping between Units 1 and 2. The termiinus of the Alternative

1 sluiceway is located even farther away from the Unit 2 intake, on the south side of the rock
closer to the Unit 1 intake (see Fig. 4), which substantially reduces the likelihood of
reimpingement. The proposed sluiceway is shorter than Alternative 2; thus, it is less likely to
clog with debris.

Consid_eration has also been given to the fact that Alternatives 1 and 2 can be constructed and
became operational in a matter of months, permitting notwithstanding, while it would take
several years to complete the screen modifications associated with Alternatives 3 and 4. Any
screen modifications would result in the total rebuild of each traveling screen unit. To
accommodate new fish buckets and additional troughs, each navc]ing screen would need to be
elevated at least 2 feet. New motors, chains and associated hardware would also be needed. A

traveling screen rebuild was undertaken at Unit 3; this project was completed over several years.

Installation of Alternative 1 would not preclude more extensive screen modifications in the
future, if necessary.
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A detailed construction scheduilé is outlined in Table 6. Currently, final design work and material
procurement is planned for October 1999. Pending DEP approval, construction is proposed to
occur in early to mid-November 1999, weather permitting. A survival study is proposed to begin
upon installation of the sluiceway. The study is proposed to be similar to those conducted at
Units 1 and 3 (NUSCO 1986, 1987b, 1994). Samples will be collected every other week for a
one-year period. Aquatic organisms collected in the sluiceway will be brought back to the NU

: Envxronmenta} Lab and held for a period of 72-h. Both initial and delayed mortality will be

determined.
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Tablc 1 Annual impingement estimates for fish taxa unpmgcd at MNPS Unit 2 from January 1, 1976 through
' December 11, 1987,

Fish
Taxon 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 Total
'Sand lance ) 46 20 239 59 168 223 81" 161 SE+0S5 3 -42 8 486531
Winter Flounder 2783 4604 31 84 10077 3516 6207 2735 6213 . 2542 2769 1049 624 46363
Grubby 1027 1299 3980 1721 9167 3262 - 2671 7023 2359 4621 1427 647 39204
Anchovy 848 177 T4 2508 4073 3722 4085 12726 4200 342 38 12 33508
Silversides 853 503 2292 - 3319 8676 2769 800 3759 1042 1484 511 136 26144
Atlantic tomcod 45 86 1956 768 1213 2809 10302 2264 4938 1130 8 206 25725
sticklebacks 1533 3609 3480 2241 6710 5883 1188 4638 1055 859 921 572 15116
Northemn pipefish 559 260 875 425 766 1417 . 557 3503 1467 460 858 748 11895
‘butterfish 14 122 233 1091 781 1416 2414 465 1455 1337 1406 946 11780
‘cunner 357 598 1399 1656 751 883 1787 694 1188 466 57 642 10478
Total (top ten) 8156 11278 18412 23865 35881 28591 26620 41446 SE4+05 13541 6317 4541 706741
“Total (others) 3921 3399 3569 3403 4941 6045 6125 18964 5730° 2819 3882 4019 . 8438t
Total (all) 12077 14677 21981 27268 40822 33636 32745 60410 SE+0S 16360 10199 8560 7911222
Invertebrate )
“Taxon 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 © Total
Ladycrab - 1402 - 2289 1831 4708 14224 13054 23194 4876 4118 2838 1552 1343 75429
Atlantic squid 5095 1257 2430 10763 11083 7895 6846 2779 14748 3298 1912 1491 69597
rock crab 457 389 412 438 560 3919 5179 A4036 6680 4456 6264 2365 35185
green crab 425 408 368 408 670 2339 1532 4311 5647 2727 2960 1571 23366
blue crab 564 193 499 945 927 964 1120 468 1020 733 621 988 9042
lobster 663 308 261 402 392 1043 1032 458 1167 505 549 825 v . 7605
spider crab . 1243 205 93 91 .. 124 516 4'.15 887 1484 407 689 283 6498
mud crab 0 13 16 13 18 104 362 288 1496 244 kYR 186 3113
horseshoe crab 281 1t 17 54 46 152 86 10 164 0 41 275 1137
hcrfnit crab 227 37 8 4 88 38 14 1 12 7 83 54 583
Total (top ten) 10358 5110 5965 17826 28132 30024 39840 18124 36536 15215 15044 9381 231555
Total (others) 65 47 15 79 46 46 108 115 49 10 7 . 65 814
Total (al}) 10423 5157 5980 17905 28340 30070 39948 18239 136585 15225 15051 9446 - 232369
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Table 2. . Percent ini

tial and extended survival and species groups'of fishes anid macroinvertebzates taken in the

MNES Unit 1 Sluiceway from January 1984 throueh Julv 1985.

_ Common Species  Number  Initial  Survival Survival Survival
Specics Name?® _ Group® _Examined Survival _ at6h at24h -2t 72h
Alosa aestivalis blueback herring P 6 0 0 0 - 0
Alosa pseudoharengus  alewife P 8 o 0 ] ]
Ammodytes sp. sand lance P 2 0 0 0 0
Anchoa mitchilli bayanchovy .~ P 28 0 0 0 0
Anguilla rostrata Americaneel * " D 1 100 100 100 100
Astroscopus guttatus northern stargazer D 1 100 100 100 100
Brevoortia tyrannus Atlantic menhaden P 4 100 .75 25 o
Callenectes sapidus blue crab C 7 86 86 86 - 86

- Cancer frroratus rock crab C 12 92 92 92 92
Caranx hippos crevalle jack P 1 0 0 0 0
.- Carcinus maenus green crab (o4 39 82 77 67 62
Centropristis striata black sea bass D 1 100 0 0 0

. Clupea harengus Atlantic heyring p 1 0 0 0 0
Cyclopterus lumpus’ lumpfish D 9 89 67 56 56
Dorosoma cepedianum  girzard shad P ] 0 0 0 0
Enchelopus cimbrius fourbeard rockling ‘D 1 0 0 0 0
Etropus microstomus smallmouth flounder D 2 50 50 50 50
Fundulus heteroclitus mummichog D 3 100 100 67 67
Gasterosteus aculeatus  threespine stickleback D 217 95 93 - 92 91
Gasterosteus wheatlandi  blackspotted stickleback D 184 91 92 89 86
Homarus americanus Northem lobster C 8 38 38 38 k3.3
Lactophrys spp. trunkfish D 1 100 100 100 100
Libinia spp. - spider crab C 7 n n 71 71
Liparis spp. snailfish D 1 100 100 100 100
Loligo pealei. Atlantic long-finned squid - 416 0 0 0 0
Lophius americanus goosefish p 9 0 0 0 0
Menidia menidia Allantic silverside P 13 54 15 8 0
Merluccius bilinearis silver hake P 6 0 0 0 0
Microgadus tomeod Atlantic tomcod D "26 35 35 27 27
Morone americana white perch P 1 0 0 0 0
Mugil cephalus striped mullet | 1 0 0 0 0
- AMyoxocephalus aenaeus  grubby D 74 87 78 76 74
Neopanope texara mud crab o4 3 100 100 100 100
Ophidion marginatum striped cusk-cel D 2 100 50’ 50 50
Opsanus tau oyster toadfish D 2 100 100 100 100
. Osmerus mordax rzinbow smclt - P 3 33 0 0 0
Onvalipes ocellatus lady crab C 2 95 91 86 81
Pagurus pollicaris hemmit crab C | 100 100 100 100
Peprillus triacanthus butterfish P 104 1 0 0 0
Pholis gunnellus rock gunnel D 1 100 100 100 100
Pollachius virens pollock D ! 0 0 0 0
Pomatomus saltatrix bluefish P 3 33 33 0 0
Prionotus carolinus . northemn searobin D 1 0 0 0 0
Prionotus evolans ' striped searobin D 1 100 100 100 100
Pseudopleurenectes americanus winter flounder D 44 93 91 89 86
Pungitius pungitius ninespine stickleback D 1 100 100 100 100
Raja spp. skate D 1 100 100 100 82
Scophthalmus aquosus  windowpane D 3 100 100 100 100
Selene vomer Tookdown P 4 0 0 0 0
Sphyraena borealis northern sennet P | 0 0 0 ]
Sphoeroides maculatus . northem puffer D k) 100 100 100 67
Syngnathus fuscus northern pipefish D 49 55 45 33 16
Tautogolabrus adspersus cunner T D 5 20 20 20 20
Urophycis tenuis white hake D 1 0 0 0 0

* Fishes from Robins e1 al. (1980) and invertebrates from Gosner (19n)
Y *C'Indicates crustaceans, ‘D" demersal fishes, and *P* pelagic fishes
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‘Treated separately during analyses
*Pelagic prejuvenile stage of development



" “Table 3. Millstone Unit 3 Sluiceway survival by species following various holding periods.
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Body % % %
- Common Type  Number Initial Survival Survival Survival
Species Name Group® Examined Survival at6h  at24h . at72h
Alosa aestivalis blueback herring P 2 100 0 0 0
. Alosa pseudoharengus alewife P 19 47 21 0 0
Anchoa mitchilli bay anchovy P 15 0 0 0 0
Brevoortia tyrannus Atlantic menhaden P 16 50 31 6 0
- Callenectes sapidus blue crab C 4 100 100 75 75
Cancer irroratus rock crab C. 72 100 100 98 91
Carcinus maenus green crab C 12 82 82 82 82
- Clupea harengus Atlantic herring P 49 0 ‘0 0 0
Cyclopterus lumpus lumpfish D 5 - 100 100 100 100
Etropus microstomus smallmouth flounder D 2 100 100 100 50
Gasterosteus aculeatus threespine stickleback D, 41 86 86 86 86
Gasterosteus wheatlandi blackspotted stickleback D 10 90 90 90 90
Homarus americanus " American lobster C 26 100 100 100 . 100
Libinia spp. spider crab C 43 100 100 100 89.
Loligo pealei Atlantic squid S 222 4] 60 20 6
Lophius americanus goosefish D 3 "33 0 0 0
Menidia menidia ~ Atlantic silverside P 160 63 53 30 0
Merluccius bilinearis silver hake P 3 33 0 0 0
Monacanthus hispidus planchead filefish P 1 100 100 100 100
Morone americana white perch P 1 100 100 100 100
Myoxocephalus aenaeus grubby D 42 - 100 100 100 86
Neopanope texana mud crab C 21 100 95 95 95
. Ophidion marginatum striped cusk-eel - D 4 75 75 75 50
- Opsanus tau oyster toadfish D 1 100 100 100 100
Osmerus mordax rainbow smelt P I 0 0 0 0
Ohalipes ocellatus lady crab C 31 100 100 87 71
Pagurus longicarpus hermit crab C 5 100 100 100 100
Penaeus aztecus brown shrimp C 5 80 80 80 80
Peprillus triacanthus butterfish P 26 15 g 4 0
Pholis gunnellus rock gunnel D 2 100 100 100 100
Pseudopleuronectes americanus  winter flounder D 43 97 97 94 94
Pomatomus saltatrix bluefish P 1 0 0 0 0
Prionotus evolans striped searobin D 4 75 75 75 75
Scophthalmus aquosus windowpane D 7 100 100 100 83
Selene vomer lookdown P 2 0 0 0 0
Sphoeroides maculatus northern puffer D 1 100 100 100 100
Syngnathus fuscus northem pipefish D 12 92 92 92 92
Tautogolabrus adspersus cunner D 3 67 67 67 67
Tautoga onitis tautog 1)) 8 100 100 100 87
Urophycis chuss red hake P 2 100 100 100 100
Urophycis regia spotted hake P 4 _50 50 50 50
* P = Pelagic
D = demersal
C = crustacean
S = squid
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4 jval (72- aquati
Common Percent Survival

Species Name Unit3  Unit3  Unitl

' (1993) _ (1986) _ (1981)
* . Anchoa mitichilli bay anchovy 0 0 0
' . Brevoortia tyrannus Atlantic menhaden 0 0 0
Callinectes sapidus blue crab 75 100 86
“Cancer irroratus rock crab 91 83 92
. Carcinus maenus green crab T 82 77 62
Gasterosteus aculeatus threespine stickleback 86 72 91

" Homarus americanus American lobster 100 86 38+

" Libinia spp. Spider crab 89 94 71
Loligo pealei _Atlantic long-finned squid 6 0 0
‘Menidia menidia Atlantic silverside 0 0 0
Mpyoxoephalus aenaeus grubby 86 97 74
-Nepanope texana mud crab 95 86 100
Ovalipes ocellatus lady crab 71 90 81
Peprilus triacanthus butterfish 0 2 0
Pomotomus saltatrix bluefish 0 0 0
Pseudopleuronectes americanus winter flounder 94 100 86
Syngnathus fucus northern pipefish 92 91 16
Tautogolabrus adspersus cunner 67 86 20

* based on 8 lobsters of these 4 were molting , impingement survival over 70%
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Species Scientific Name Month Survival Rate
Weakfish Cynoscion regalis June 21%
July 18%
August 62%
September 88%
White Perch Morone americana April 93%
November <93%
December 98%
" Bay Anchovy Anchoa mitchilli April 46%
May 45%
June 22%
July 20%
October 65%
November 2%
Atlantic Croaker.  Micropogon undulatus A;;ril 46%
May 66%
June 2%
July 65%
October 95%
November 98%
Dec-Jan 85%
Spot Leiostomus xanthurus November 93%
Alosa sp. Mar-.Apr 82%
- Oct-Dec 78%

o o
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| 1999 2000

Activity Sep.| Oct. | Nov. | Dec.| Jan., |Feb. | Mar. | Apr. |May| Jun,| Jul. "

Submit Feasibility Study to DEP ]

Obtain DEP and Army COE Concurrence L ]

Complete Final Design Drav«;ings B
Procure Materials XX
Ready for Work ' &
&
Construct sluiceway
i

Sluiceway Operational

Develop Final “as built” Design Drawings, mimmmm

to submit to the DEP




Naorth

Figure 1. Location of Millstone Unit 2 intake at the
(MNPS) in Waterford, CT.

Millstone Nuclear Power Station
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‘Figure 2. ‘Typical section of the Millstone Unit 2 Circulating Water Intake Structure.
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Figuré 3. Existing Millstone Unit 2 traveling screen panel profile.
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UNIT 2 SIUICEWAY PROPOSED. . T
ALTE ATIVES 1 & 2 - e
s
UNIT 2| UNIT 1 L SIS
INTAKE - INTAKE SLUICEWAY —

STRUCTURE | ~ STRUCTURE
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UNIT 2 SLUICEWAY
TIE-IN TO UNIT 1
'SLUICEWAY
ALTERNATIVE 2

ROCK"
LEDGE

ALTERNATIVE 1

SLUICEWAY _ deo

~ Figure 4. Co(;x;eptual drawing of the proposed Millstone Unit 2 sluiceway, Altemnatives 1
and 2,
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' Unit 2 Sluiceway
“Alternative 3 '
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‘, Figure 5. Schematic of Millstone Unit 2 Aquatic Return System Altemative 3.
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Figure 7. Schematic of Millstone Unit 2 Aquatic Return System Altemnative 4.
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Northeast Nuclear Energy Company

-

“Millstone Nuclear Power Station
. Rope Ferry Road
i PO Box 128
' ‘Waterford, CT 06385-0128
(860) 447-1791 ext 2335

‘September 22, 1999

. FCR-99-ENV-186
D14958

Mr. Michael Harder
' Bureau of Water Management, PERD
Connecticut Department of Environmental Protection
79 Elm Street
Hartford, CT 06106-5127

Millstone Nuclear Power Station

Unit 2 Aquatic Organism Sluiceway Feasibility Study
Dear Mr. Harder:

- Northeast Nuclear Energy Company (NNECo) has recently completed a study to determine the
feasibility of building a sluiceway for returning aquatic organisms at Millstone Unit 2. The
study is enclosed for your comments and review. The study concluded that an aquatic organism
return should mitigate impingement impacts at Millstone Unit 2. Out of the four options
Immed in detail in the report, a sluiceway that returns all aquatic organisms and seaweed
Iternative 1) was selected as the preferred alternative.

-Should the Connecticut Department of Environmental Protection (the Department) concur with
the selection of Alternative 1, construction could be completed by year-end. In this regard,
- NNECo would request the Department’s assistance in coordinating the Departments’ permit

review process. Specifically, a permit review meetmg is requested at the Department’s earliest

convenience.
Should you have any questions concerning this application, please call me, at 447-1791 XZ3357

- Very truly yours,

NORTH%T NUCLEjﬂ RGY COMPANY
' u%ow

Paul M. Jacobson _
Manager-EnvironmemaI Services, Nuclear

cc:  Mr. D. Cherico (CT DEP)
Mr. J. Grier (CT DEP)
Yy Mr. E. Beckwith (CT DEP)
" Mr. E. Smith (CT DEP)
NRC Resident Inspectors




