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SUMMARY AND CONCLUSIONS

The major findings of this document in regard to the effect of the

cooling water intake of the James A. FitzPatrick Nuclear Power Plant

on the aquatic community in the vicinity of Nine Mile Point are

summarized below. Intake effects on major trophic levels and

designated representative important species were assessed. The

demonstration follows the procedures provided in the draft document,

"Guidance for Determining Best Technology Available for the Loca-

'ion, Design, Construction, and Capacity of Cooling Water Intake
Structures for Minimizing Adverse Environmental Impact," dated May

1977. The study outline follows that approved by the U.S. EPA on 29

December 1976.

1. The James A. FitzPatrick Nuclear Power Plant has a combined

cooling water flow of 22.23 m /sec (785 cfs) with a maximum

plant temperature rise of 17.5 C (31.5 F). Cooling water is
withdrawn from Lake Ontario through a submerged intake structure
located in approximately 7.9 m (26 ft) of water 275 m (900 ft)
offshore. The calculated intake velocity at the lake interface
is 0.37 m/sec (1.2 ft/sec).

2. The FitzPatrick plant was placed in commercial operation
on 28 July 1975 and has continued to operate with intermittent
shutdowns through March 1977. The relatively constant intake
operation and plant loads sustained during this period were

sufficient to have produced observable effects on the trophic
levels being studied, if any were to have occurred.

3. An analysis of the abundance and distribution of major phyto-
plankton groups in the Nine Mile Point vicinity during 1975 and

1976 yielded no evidence of plant-induced depression or en-

hancement of total phytoplankton, diatoms, green algae, or



blue-green algae. Chlorophyll a concentrations in the vicinity
of the plant were not measurably affected while the data did

indicate slight increases in primary productivity. Entrainment

viability studies done during 1976 and 1977 indicated reductions

in chlorophyll y and primary productivity of approximately 13

and 30$ due to plant passage during the summer months. Chloro-

phyll a values were generally unaffected throughout the re-

mainder of the year, while primary productivity was generally

enhanced during the cooler periods. Averaged over the year,

plant passage effects on chlorophyll a were minimal (2$ reduc«

Cion) with general enhancement (2 to 13$ increase) of primary

productivity rates indicated. Analysis of plume entrainment

effects showed a slight increase in primary productivity, but

little effect on chlorophyll ~ concentrations. The plant
passage and plume entrainment study results supported the

conclusion of minimal plant effect reached from the lake

studies.

Examination of zooplankton abundances at both plant and control

transects revealed no discernible differences in 1975 or 1976.

Zooplankton entrainment viability studies yielded seasonal

mortalities attributable to plant passage of between 3. 1 and

37.6$ for the total zooplankton entrained with an average annual

mortality of 20.3$ . Plume entrainment was found to have little
or no effect on zooplankton mortality. The mortality rate
imposed on plant-passed organisms is not considered sufficient
to have an impact on the zooplankton community in light of the

short natural turnover rates for these organisms. Based on the

combined results of the plant and plume entrainment studies, it
would not be possible to detect the small decreases in

zooplank-'on

abundances in the vicinity of the plant.

5. Analysis of the benthic data collected during 1976 showed no

discernible spatial or temporal trends attributable to plant
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species, was constantly observed at near-plant stations in
abundances that were within the range of natural variability
in the study area. Based on 12 months of study, the number of
G. ~ras iatus cropped due to entrainment into the plant circu
lating water system was shown to constitute less than one-half
of one percent of the seasonal standing stock estimates in the
study area. Cropping, in terms of equivalent acres completely

cropped ranged from 0.4 to 8.3 acres for the 12 month period
April. 1976 through March 1977. These extremely low cropping
rates would have a negligible impact on the local ~Gam Laa.~s

population.

6. Ichthyoplankton studies during 1975 and 1976 showed the normal

seasonal cycle of spawning activity in the vicinity of the
plant. Out of a total of 12 species observed, alewife and

rainbow smelt larvae dominated the collections. Substantial
spawning activity in the Nine Mile Point vicinity appears to be

restricted to only these two representative important species
since neither eggs or larvae of the other species were collected
in significant numbers in either entrainment or lake sampling.

Estimates of both local and lake-wide (inside 110-ft contour)
cropping of eggs and larvae by plant entrainment were made for
the alewife and rainbow smelt. Insufficient numbers of other
species were observed in entrainment collections to warrant
cropping calculations. Cropping of both alewife and rainbow
smelt eggs was extremely low as would be expected in the case 'of

demersal eggs. Based on average fecundity data, the total
numbers of eggs entrained in terms of equivalent spawning
alewife and smelt females represented 0.0055 and 0.0026$ ,

respectively, of the estimated populations of mature females in
the Oswego Sector of the lake as defined by NYSDEC.
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Estimates for local water body segment cropping of alewife and

rainbow smelt larvae by the FitzPatrick plant produced rela-
tively high cropping rates, due primarily to the conservative

nature of the analysis. When examined in light of lake-wide

larval abundance estimates for both species, cropping rates due

to FitzPatrick and Nine Mile Point are sufficiently low (0.26$

for both species) as to have negligible impact on the popula-

tions. It was not possible to compute lake-wide entrainment

impacts for plants other than Nine Mile Point and FitzPatrick

since entrainment and mortality rates were not available from

other plants.

7. Local trends in abundance and species composition of ten fish
species including all the representative important species

were examined for the years 1974 through 1976. The comparisons

of catch/effort, seasonal abundance fluctuations, and length

frequency between preoperational and postoperational years

revealed no alterations attributable to plant operation.

A number of methods were used to assess the impact of impinge-

ment on the selected species of fish including the representa-

tive important species. For the alewife and rainbow smelt

standing stock estimates were derived from NYSDEC trawl catch/

effort data for the Oswego Sector of Lake Ontario, U.S. waters

inshore of the 110-m depth contour, and all U.S. water s. These

estimates revealed that during 1976 0.32$ of the alewives and

0.22$ of the rainbow smelt estimated to be within the Oswego

Sector were impinged by the FitzPatrick plant. These cropping

estimates are both considered conservatiely high since the

population estimates on which they are based are underestimates

of the standing stock. The NYSDEC trawl data included a low

percentage of young fish relative to the higher percentage



observed in impingement collections. Since neither trawl
efficiency nor the low vulnerability of young fish to the trawl
were considered, the stock estimates are biased both low and

toward adult fish. These cropping estimates are considered

negligible in the face of yearly fluctuations of the population
size (standardized catch/effort) of approximately a half an

order of magnitude.

No standing stock information on thr eespine sticklebacks is
available, so a cropping estimate could not be done. However,

an analysis of four years of impingement data at the adjacent
Nine Mile Point plant suggests an increasing local population
and indicates that the operation of FitzPatrick will not affect
this species.

The results of tagging studies conducted in the Nine Mile Point
vicinity since 1972 by Storr were used to evaluate impingement

impacts on the yellow perch population. A total of 4107 yellow
perch have been tagged since 1972 with no tagged fish being
observed in impingement collections at the FitzPatrick or Nine

Mile Point plants prior to 1976. Based on the one tag recovered-
at FitzPatrick during 1976 and the number of tagged fish
available (after adjustment for annual mortalities), FitzPatrick
impingement losses represent 0. 19$ of the available yellow
perch. A comparison of the annual total yellow perch impinge-
ment at FitzPatrick to the commercial fishery shows impingement

to be equivalent to 0.77$ of the commercial catch. The minimal

exploitation rate and low losses relative to commercial fishing
both support the conclusion that impingement of yellow perch

has no effect on the yellow perch population.

A total of 1421 white perch have been tagged by Storr since

1972, with 488 tagged during 1976. No tagged white perch have
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been recovered in Nine Mile Point impingement collections during
the entire study period, and only one at FitzPatrick (April
1977). Since no annual mortality data were available for white
perch the number of available tags at the time of the recovery

was taken to be 50$ of those tagged in 1976. Using this con-

servative estimate, an exploitation rate of 0.82$ was calculated
for FitzPatr ick. This is undoubtedly high since the actual
number of tags available was higher than used in the calcula-
tion. By way of comparison, 1976 white perch impingement at
FitzPatrick was equivalent to 1. 16$ of the commercial catch

during the same year. The relative difference between impinge-
ment and fishing pressure would be even greater if sport fishing
catches were considered.

Of a total of 126 smallmouth bass tagged by Storr since 1972,

none have been recovered in impingement collections at either
Nine Mile Point or FitzPatrick indicating an extremely low
exploitation of this species by impingement. Based on the total
of 19 tags returned from other fishing pressures, exploitation
by impingement can be assumed to be an order of magnitude less
than that due to other fishing pressures.

Salmonid impingement losses due to impingement at FitzPatrick
were compared to NXSDEC annual stocking rates. The coho salmon,

brown trout, and lake trout impinged represented 0.0002, 0.006,
and 0.004$ of the 1976 stocked fish, respectively. These levels
of exploitation are considered negligible in comparison to
natural mortality and existing fishing pressure.

Annual impingement of brown bullheads was equivalent to 0.06% of
the commercial harvest and represented 0.06$ of the available
fish based on tag returns. Since no tagged fish of the other
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species tagged in sufficient numbers (pumpkinseed, rock bass,

white sucker, and bluegill) were collected in impingement

samples, impingement losses of these species are considered

negligible.

Based on an individual species. analysis of impingement impacts,

the numbers of fish impinged at FitzPatrick are judged to
represent a negligible portion of the fish community and no

alter ation to the existing populations would result due to plant
operation. This conclusion is supported by the results of the

lake monitoring program.

8. Lake-wide impingement cropping estimates including the effect of
all nine operating power stations on Lake Ontario were done for
the representative important species. These calculations
yielded cropping estimates of 0.04$ for both the alewife and

rainbow smelt. These estimates are considered conservatively
high in that the standing stock estimates were derived from data

that did not include younger fish. Since Storr's tagging stu-
dies have indicated the presence of two yellow perch populations
in Lake Ontario, one occupying the southern and eastern shores,

with the other occupying the northern shore, cropping estimates

included only the effect of the U.S. plants on the southern

population. An exploitation rate of 0.7$ was calculated by

expanding the tagging results to account for the additional U.S..

plants. Total impingement at U.S. power plants was equivalent
to 1.81$ of the 1976 commercial yellow perch harvest. Annual

impingement cropping of smallmouth bass around the entire lake

could not be calculated since no population estimates are

available. However, based on no tag returns in impingement

collections from 228 tagged fish at Nine Nile Point and Ginna

locations, impingement losses of 1395 fish for the entire lake
are judged to have a negligible effect on the smallmouth bass
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population. Since salmonid impingement at Canadian plants was

not species specific, impingement cropping of coho salmon and

brown trout was evaluated for U.S. plants only. Total annual

U.S. impingement of brown trout and coho salmon was 0.05 and

0.002$ of the respective .1976 stocking totals for U.S. waters.

The cropping or exploitation rates calculated for Lake Ontario
were compared to those computed for Lake Michigan and from a

nationwide survey of populations sustaining various exploitation
rates. The Lake Ontario results were similar in magnitude to
those determined from Lake Michigan (generally less than 1$ ) and

much lower than the rates reported by McFadden for other popula-
tions. The rates are sufficienty low to preclude any impact on

the populations and are in addition well below exploitation
rates of commercial and sport fishing.
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I. INTRODUCTION

The Federal Mater Pollution Control Act Amendments of 1972

(PL 92-500) require that the design, construction and operation of
the intake structures of electric generating stations minimize

adverse environmental impact. The purpose of this evaluation is to
assess any impacts associated with operation of the intake for the

Power Authority of the State of New York's James A. FitzPatrick
Nuclear Power Plant. The evaluations include all major biotic
categories, and are based for the most part on at least one year of
postoperational data.

On 22 May 1974, the staff of Region II of the U.S. Environmental

Protection Agency (EPA) issued a draft "National Pollutant Discharge

Elimination System" (NPDES) permit for the James A. FitzPatrick
Nuclear Power Plant (JAF). On 30 June 1974, the Power Authority of
the State of New York (PASNY), pursuant to Section 316(a) of the

Federal Water Pollution Control Act Amendments (FWPCA), requested

the Regional Administrator impose alternative thermal effluent
limitations to those designated in the draft permit. On 27 February

1975, EPA issued a final NPDES permit for the FitzPatrick plant
which did not contain the requested alternative thermal effluent
limitations. On 1 January 1977, PASNY submitted a 316(a) demonstra-

tion to EPA in support of its request for alternative thermal
effluent limitations. No decision on this request has been made at
this time.

The NPDES draft and final permits for the JAF station require
assessment of entrainment and impingement effects on Lake Ontario

populations. In particular, representative important species were

designated for the purposes of the 316(a) demonstration and for
assessment of impingement and entrainment effects. On 19 August



1976 the proposed outline for 316(b) (intake) evaluations was

submitted to EPA and was subsequently approved in a letter, from

Mr. Lunenfeld dated 29 December 1976. This evaluation follows the

outlines submitted to EPA.

The JAF station has been in operation since the summer of 1975, and

thus, well over one year of postoperational data have been collected

to assess the impacts of the intake. In this sense, the demonstra-

tion of intake impacts is based on the absence of appreciable harm

during the period of operation. The conclusions are further
substantiated by calculations and predictions based on that year of

data to demonstrate the absence of impact due to operation of the

station's intake. In accordance with draft 316(b) guidance manuals

which have been issued periodically by EPA, all biotic categories

are considered in this demonstration, although emphasis is placed on

those representative important species selected by EPA Region II
for specific evaluations with respect to Sections 316(a) and 316(b).

In particular, the phytoplankton evaluations are based on major

groups, plus chlorophyll g. and carbon-14 evaluations. Zooplankters

are evaluated as major groups and the representative important

species Gam~ma ~ fgsc~gy., although the greatest portion of the

~Ga g~gg. population is benthic in nature. Benthos are based on

selected species, major groups, and again, the representative
important species, ~Gagmai~s g'a i~my. The plant takes in very few

ichthyoplanktors and the evaluations described in this document are

limited to those representative important species collected at the

intake in sufficient numbers to permit an impact evaluation. And

lastly, nekton evaluations are based on the representative important

species and selected other species for which data are available.

The format of this demonstration follows a logical step-by-step

presentation of the plant facilities involved, the biotic communi-

ties potentially impacted by the intake operation, and an assessment

of the degree of the impact.
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Chapter II provides a description of the FitzPatrick plant including
the physical structures and operating history pertinent to the

demonstration. Chapter III contains a physical description of Lake

Ontario with emphasis on the hydrologic and morphometric character-
istics of the JAF site vicinity at Nine Mile Point. This chapter

also provides descriptive information on other major water intakes

on Lake Ontario, as background for the analysis of cumulative
impingement impacts presented in Chapter V.

Chapter IV begins with a discussion of the representative important

species selected by the EPA and transmitted to PASNY. The basis for
selection of each species is discussed and data on the characteris-
ties of each species are provided, including information on the

distribution of each species in Lake Ontario. Subsequent individual
sections of Chapter IV deal with phytoplankton, zooplankton, ben-

thos, ichthyoplankton, and adult and juvenile fish. Each section
describes the community in Lake Ontario, with emphasis on the local
Nine Mile Point area, based on recent biological investigations.
Specific attention is given to variations in the local community

that would be indicative of intake-related effects. The lake
community descriptions for each trophic level are followed by a

presentation of the intake-related studies (entrainment and impinge-

ment). Since intake and discharge effects are difficult to separate

in entrainment studies, both plant passage and plume entrainment

effects are evaluated to provide a complete analysis of plant
effects in addition the combined intake-discharge effects and in the

evaluation of the lake monitoring program. Mortality rates are

computed for each group and, where sufficient information was

available, are applied to standing stock estimates to provide a

quantification of impact. Each section of Chapter IV contains a

final conclusionary subsection summarizing the identified effects of
intake operation.



Chapter V evaluates the combined effects of all the operating Lake

Ontario generating station intakes on adult and juvenile fish
through a comparison of impingement data with lake standing stock

information where available. The impacts of the various intakes are

also compared to commercial and sport fishing impacts and known

stocking rates.



II. PLANT DESCRIPTION

A. LOCATION AND GENERAL FEATURES

The James A. FitzPatrick Nuclear Power Plant (JAF) is located in the

Town of Scriba, New York, on the south shore of Lake Ontario (Fi-
gures IIA-1 and IIA-2). The plant is a single generating unit with
a boiling water reactor producing 821 MMe (net output). It is
located approximately 915 m (3,000 ft) east of the Nine Mile Point

Nuclear Station and approximately seven miles east of the Oswego

Steam Station.

B. CIRCULATING MATER SYSTEM

JAF uses once-through cooling to dissipate waste heat, from the main

condensers and auxiliary cooling systems. Circulating water is
withdrawn from Lake Ontario through a submerged inlet, circulated
through the main condensers and auxiliary systems, and returned to
the lake through a submerged jet diffuser (Figure IIB-1).

When operating to maximum power output, the plant requires a 'total
flow of 23.36 m /sec (825 cfs).» Of the total flow, 22.23 m /sec

(785 cfs) is for the main condensers,'here the temperature is
raised 18.0 C (32.4 F), 'and 1. 13 m /sec (40 cfs) is for service
water requirements which produce a 7.5 C ( 13.5 F) rise in tempera-

ture. The combined condenser and service water discharge flow has a

temperature rise of 17.5 C (31.5 F). These cooling water character-
istics remain essentially the same throughout the year, except

that during the winter months as much as 30$ of the discharge
flow may be recirculated through the intake (tempering), resulting

"A dye dilution study of the FitzPatgick cooling water system mea-
sured total plant flows of 23.66 m /sec (836 cfs) and 23.73 m /
sec (838 cfs) (Aquatec 1975).
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in a proportional increase in the across-the-plant temperature rise
and reduction in intake flow.

The total heat rejected to the lake is a function of electrical
load, increasing with an increase in electrical generation.
With the exception of NRC imposed limitations, the Power Authority

expects to operate the plant at full load except when maintenance or

refueling is required. The heat rejection rate at 100$ load is
calculated to be 5.714 x 10 Btu/hr.9

1. I tak S ste

The intake structure is located on the lake bottom 274.3 m (900 ft)
offshore of the plant in 7.9 m (26 ft) of water at the average

controlled lake surface level of 75 m (246 ft). The structure is
20.9 m (68.5 ft) across at its widest point and 4.3 m ( 14 ft) high

(Figure IIB-2). There are four intake openings on the south side of
4.

the structure and a solid wall on the north side. This configura-
tion was designed to prevent any recirculation of heated water from

the discharge structure located 82.3 m (270 ft) farther out in the

lake.

Each of the four intake openings is 2.4 m (8 ft) high with a maximum

width of 6.7 m (22 ft) at'the bar racks. There is a total horizon-
tal clear opening of 21.3 m (70 ft). Th'e intake openings are 0.9 m

(2.8 ft) above the lake bottom and the entire structure is covered

by a solid roof. The intake cover restricts flow to a primarily
horizontal direction. A bar rack system covers the entire open area

of the intake structure to prevent the entry of large debris. In
addition, the bar racks are heated to prevent ice formation. The

calculated intake velocity through the bar racks is 0.43 m/sec

( 1.4 ft/sec) at capacity operation. The velocity immediately in
front of the bar racks is calculated to be'.37 m/sec ( 1.2 ft/sec).

II-2
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After passing through the submerged intake openings, the water flows
I

down a 4.6 m ( 15 ft) diameter vertical shaft to a horizontal tunnel

18.3 m (60 ft) below the lake bottom (Figure IIB-3). The water

passes through, the tunnel at 1.4 m/sec (4.7 ft/sec) and then rises
in a vertical shaft to the onshore screenwell forebay (Figure
IIB-4). Under normal flow conditions the water then flows hori-
zontally through open gates 5, 6, and 7, through the trash racks and

traveling screens (0.95 cm mesh), and finally to the three circu-
lating water pumps located in wells behind the traveling screens

(Figure IIB-4). From the pumps the water flows through a closed

piping system under pressure to the main condensers; during con-

denser passage, the temperature is elevated over a transit time of
approximately eight seconds. The discharge from the condensers

flows via a covered rectangular canal to the discharge aftbay.
Under normal operation the full discharge flow then passes through

gates 1 and 2 (Figure IIB-4), down a vertical shaft and horizontally
out beneath the lake bottom. During the winter months gate 4 is
opened and gates 1 and 2 may be partially closed to allow a portion
of the discharge flow to recirculate through the intake forebay.

This tempering procedure prevents a loss in plant operating effi-
ciency due to excessive cooling in the condenser when lake inlet
temperatures are low. The intake/discharge system also has the

capability of reversing the direction of flow in the intake and

discharge tunnels and lake structures. This can be done for brief
periods in the winter months but this system has not been used to
date.

2. Dis Str ur s

The multiport discharge structure is located 356. 6 m (1, 170 it)
offshore of the plant (Figure IIB-3). The discharge tunnel extends

from the onshore screenwell to two branch tunne1s positioned approx-

imately parallel to the shoreline. Each branch tunnel has three
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diffuser heads spaced 45.7 m ( 150 ft) apart, with two discharge
nozzles at each head, directed away from the shoreline. The submer-

gence of the diffuser heads varies from 7.0-8.5 m (23-28 ft), depth

of submergence increasing from east to west along the branch tun-
nels. The nozzles of each pair are separated by a horizontal angle
of 42 degrees and each nozzle has a 0.76 m (2.5 ft) diameter opening

(Figure IIB-5). The circulating water system is designed to produce

a 4.3 m/sec (14 ft/sec) exit velocity at each diffuser port.

The NPDES permit for JAF places the following limitations on the

discharge effluent:

( 1) The discharge temperature shall not exceed 44.5 C (112 F).

(2) The discharge-intake temperature» difference shall not
exceed 17.8 C (32.4 F).

(3) The net rate of addition of heat to the receiving water
shall not exceed 1.44 billion Kcal/hr (5.72 billion Btu/hr).

(4) The pH shall not be less than 6.5 nor greater than 8.5 at
any time.»»

(5) No algicides shall be added to the condenser and auxiliary
cooling water.

During those periods when intake water tempering occurs, the
intake temperature shall be considered that temperature existing.
after tempering.

»»The pH of the discharge shall not exceed 8.5 unless the pH of the
intake water is greater than this value; in this case, the pH of
the discharge shall not exceed the pH of the intake by more than
0. 1 pH unit.
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C. OPERATING HISTORY

JAF achieved criticality in November 1974 and began commercial

operation on 28 July 1975. Between these dates the plant went

through a period of startup testing during which there was inter-
mittent operation at increasingly higher power levels.

Table IIC-1 summarizes the plant electrical output (gross MWe) from

1 July 1975 to 31 March 1977. During this interval the plant was

consistently above 500 MMe gross output when the unit was on line.
Figure IIC-1 provides a frequency histogram of daily average dis-
charge temperatures for the fall of 1975 and the spring and summer

of 1976. There were a total of 30 generation outages with durations

ranging from less than 24 hours to all or part of 68 days (Table

IIC-2). During four outages there was a brief resumption of genera-

tion. However, each outage was counted as a single event because

the plant did not reach a high power level for a sustained period.

The circulating water systems wer'e in operation during outages, and

except for 7 days during the outage in December 1975, the average

flow was at least 8.7 m /sec (307.5 cfs) averaged over one day3

periods.
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I.IKQ.

PLANT ELECTRICAL OUTPUT*

JAMES Ao PITZPATRICK NUCLEAR POWER PLANT -:j;,'ggZyeg97$ 31,,MAHCH f977

DATE
JULY

MIN MAX AVG

AUGUST

MIN MAX AVG

SEPTEMBER
MIN MAX AVG

1975

MIN
OCTOBER

AVG MIN
NOVEMBER

AVG

DECEMBER

MIN MAX AVG

1

2

3
4
5
6
7

8
9

10ll
12
13
14
15
16
17
18
19
20'
21'2

23
24
25
26
27
28
'29
30
31

126
191
194
201
201
254
322

6
8

326
467
542
607
635
592
460

0
21

361
462.
565
622
617
616
607
611
614
616
624
633.
634

638
645
572

0
163
402
480
548
622
672
665
674
686
693
696

* 175
471
492
607
680
701
498
517
520
521
515
511
509
515
553
434

0
0
0
0
0
0

157
363
525
524
161

0
0
0
0

28
387
541
628
702
742
743
739
748
750
749
609
719
748
418

496
596
624
625
624
625

0
498
632
633
631
633
628
627

0
180
541
622
625
625
624
626
628
631
512
483

528 538 535
549
611
626
623
636
639
653
682

0
0

175
594
705
384
562

0
0

.0

629
628

612
620

639 633
641 633
641 635
661 ..638
755, 702
794 = 773
795
168
590
706

457
24

446
658

,796 770
792 ,761
794 765
793 692

0 0
"0 0

626 632
629 633
266 636
480 521

0
0
0
0

504
595
705
771
772
775

0
0
0
0
0
0
0
0
0

295
534
557
560
560
554
556
553
554
550
613

. 0
0
0

492
590
700
780
779
778
780
779
382

0
0
0
0
0
0

295
561
584
563
562
563
567
559
.559
557
583
692

0
0
0

303
543
658
744
774
775
776
350
102

0
0
0
0
0
0

65
443
555
560
561
563
562
558
554
555
558
670

675 749
757 780
770 776
771 801 .

799 814
796 801
800 '02

-0 ~ 0
0 0
0 0

.0 0
0 0
0 348
0 451
0 0
0 0
0 0
0 0
0 ~ 0
0 0
0 0
0 0
0 0

20 290
60 370
10 330

330 780
510 620
620 690
680 690
540 690

718
773
773
779
805
797
688

0
0
0
0
0

237
314

0
0
0
0
0
0
0
0
0

115
278
103
398
547
660
687
598

*Gross MWe



TABLE "KXC -2 "(Continued.)

PLANT ELECTRICAL OUTPUT*

JANUARY FEBRUARY MARCH

1976
APRIL JUNE

DATE MIN MAX AVG MIN MAX AVG MIN MAX AVG MIN AVG MIN AVG MIN AVG

1

2
3

5

6
7

8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

548
440
480
510
510
580
570
570
579
654
730
788
797
798
799

0
0
0
0
0
0
0
0 .

0
0
0
0
0
0
0
0

560
570
530
520
610
600
590
590
657
726
783
805
805
803
803
803

0
0
0
0
0
0

e 0
0
0
0
0
0
0
0
0

550
498
514
514
560
585
580
580
618
687
755
799
801
801
800
473

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
.0

0
0
0

0 ~ 0
0 0
0 0
0
0
0
0
0
0
0
0
0
0
0

0
'

0 0
0 0
0 '

0

0 '0
0 0
0 0
0 0

0
0
0
0
0
0
0
0
0=
0

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

101
90'10

350
450
510
220
280

180 29
310 184
360 331
450 408
510 466
540 430
580 507
550 501

0. ' 0
0 - 0 0
0 0 0
0 . 0 0
0 0'
0 0 . 0
0 0 — 0
0 0 0
0 - 0 .0
0 0 0
0 0 0
0. 0 0

410
520
500

590
620
630

200 600
200 570
590 620
590 610
590
640
680
700
710
690
690
560
640
680
680
680

660
700
720
730
720
720
710
710
700
700
690
700

580
700

- 700
710
710
720
720
520

690
720
720
730
730
740
740
730

680 700
500 710
490 600

509
582
553
361
459
604
601
614
671
706
716
715
712
700
684
671
690
688
687
697
676
558
648
707
712
718
723
733
726
692

530
690
730
670
730
740
740
740

690
750
750
750
750
760
760
760

0
0

30
240
420
590
680
730
730
600
680

"

740
780
780
770
770
770
770
770

750
0

160
420
580
680
740
750
760
770
740
790
790
790
790
790
780
780
780

730 750
730 . 750
730 750
730 740

665
722
743
728
741
747

-751
750
747
743
739
737
315

0
13

353
513
631
719
741
746
727

704'70

781
781
782
778

'76

776
778

770
770
770

0
0

30
430
490
640
740
750
770
780
770
780
770
770

0
0

460
640
760

0
0

670
770
750
740
740

0

780
780
780
770

0
430
500
600
750
780
780
780
780
790
800
790
790
780
460
630
760
780
783
681
760

775
771
771
351

0
295
480
516
693
764
767
776
780
778
785
782
775
139

'98

554
710
773
446
505
714

760
500

755
215

780 774
760 753
760 751

MWe 0



TA~LE X Continued)

T L PUT%

1

2
3
4
5
6
7
8

9
10
11

12
13

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

150
580
700
750
?6o
76o
?6o
?4o
770
690
76o
750

0
0
0
0
0

350
596
678

0
0

. 0
0
0
0
0
0

420
610

5eo
690
770
770
770
?8o
?eo
?8o
600
770
780
?8o
780

0
0
0

330
600
672
759
?8o

0
0
0
0
0
0

400
62o
66o

248
633

762
767
771
773
769
750 .

751
765
765
715

0
0
0

113
503
63?
721
462

0
0
0
0
0
0

73
543
635

740
74o
740
74o
740
56o
56o
6?o
750
?6o
?6o
770

?6o
?6o
?6o
750
750
750
68o
750
?So
?8o
?So
790

750
751
?48
747
747
725
632
718
769
771
771
783
777
785
788
788

?So 790 788
?8o
?8o
690
770
?8o
?8o
?8o
?eo
78o
6oo
6oo
730

0
6?o

800
800
8oo
800
8oo
Soo
800

792
791
785—
788
?86
786
792800'89

790
790
730
790
790
730

786
763
622
775
65o
695

620 800
760 790
780 790
780 790

4?o
68o
?6o
?So
770
770
?So
?8o
770
590
710
720
730
730
720
720
62o
720
720
730
730
730
730
65o
720
720
730

68o
?6o
?8o
790
790
790
?90
790
790
790
740
740
?4o
?4o
?4o
?4o
?4o
740
?4o
740
?4o
740
740
740
?4o
740
74o

730 740
730 740
730 740

0 430

6o3
723
7?2
?8o
779
782
786
?85
782
723
735
735
?35
731
733
731
?24
733
729
730
732
730
735
730
733
733
733
733
730
730
157

65o
720
720
700
720
720
720
200

0
0
0
0
0
0

250
36o
36o
390
4?o
520
530
530
580
64o
710
700
700
700
520
550
62o

730
740
730
730
730
730
730
730
26o

0
0
0
0

250
370
38o
400
470
54o
54o
54o
58o
64o
700
730
720
720
710
710
62o
690

?24
730
729
721
729
728
727
6o?
123

0
0
0
0

97
322
370
367

512
530
533
550
616
672
718
713
712
?oe
687
581
682

690
?6o
76o
?6o
530
550
63o
700

0
0
0
0
0
0
0

290
56o
730

0
0
0
0
0
0

430
58o
63o
720
730
730

770
790
?eo
?8o
?So
63o
700
?So
?90

0
200

0
0
0

28o
56o
750
750
?4o

0
0
0
0

45o
590
63o
690
730
740
740

728
778
770
770
74o
591
664
738
435

0
30

0
0
0

48
421
647
737

0
0
0
0

265
513
6o5
66o
721
736
736

730 740
730 740
480 740
620 740
64o 65o
650 740
730 740
730 740
730 740
425 740
690 740
730 740
730 740
730 750
160 750

o So
0 340

360 530
54o 64o
640 710

.710 740
730 750
740 750
450 740
710 750
730 740
730 740
730 750
730 750
730 750
460 750

735
735
716
688
647
707
735
736
?38
718
720
736
?38
738
644

58
465
587
6?5
731
737
741
716
733
737
738
741

743
717



TABLE .XlC-1 (Continued)

2
3

5
6
7
8
9

10
11
12
13

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

710
730
730
730
730
730
41o
48o
570
66o
730
730
730
510
730
730
740
740
730
730
430

0
0

590
690
730
730
730
730
730
730

740
740
74o
740
740
740
740
570
66o
730
750
750
74o
740
750
750
750
750
740
740
740
42o
6oo
68o
74o
74o
74o
750
74o
74o
74o

V34
736
740
737
738
74o
703
538
609
695
741
738
738
729
739
74o
741
741
738
738
700
231
243
626
712
738
738
740
735
735
737

FEBRUARY
I MA

0 741 553
0 0 0
0 0 0
0 200 75
0 320 134

319 437 394
420 510 491
490 505 499
490 505 501
500 510 503

0 510 479
70 '00 410

510 570 537
580 650 613
64o 71o 681
720 750 738
740 750 740
410 750 703'3o 54o 683
540 600 569
6oo 68o 642
680 740 713
730'40 737
730 740 738
450 740 707
450 750 684
730 750 738

0 750 687

0
42o

430
520

530
61o

0
0

44p
510

0
41o
550
68o
720
730
736

729
730
730
730
730
510
520
68o
730
74o
740
74o
74P

610
67o
720
420
520
690
690
54o
68o
730
750
750
742
750
750
750
750
76o
750
750
68o
74o
750
750
750
750
750

410 550
45o 55o

76
483
512
499
573
645
410

79
470
643

64
473
633
701
740
740
740
725
737
74o
742

711
58o
717
740
741

742



TABLE IIC-2

E W N ND R

JAMES A. FITZPATRICK NUCLEAR POWER PLANT

1

2
3
4
5
6

7
8

. 9
10

12
13
14
15
16
17
18
'l9
20
21
22
23
24
25
26
27
28
29

17 JUL 1975
4 AUG

1 SEP
12

1 OCT
22
29
11 NOV

8 DEC

16 JAN 1976
13 MAY

4 JUN
18
23
30
13 JUL
21
30 AUG

31 SEP

9 OCT

9 NOV

19
16 DEC
22 JAN 1977

1 FEB
4

11
28

7 MAR

END

17 JUL 1975
4 AUG

6 SEP
15

2 OCT

23
4 NOV

19
23 DEC

23 MAR 1976
14 MAY

5 JUN
19
24
30
17 JUL
28
31 AUG

31 SEP
14 OCT

15 NOV

24
17 DEC

23 JAN 1977
4 FEB
5

11
1 MAR
8

1

< 1
6

< 2
< 2

~ < 7
< 9

16
<68
< 2
< 2
< 2
< 2

1

< 5
< 8
< 2

1

< 7
< 8
< 7
< 2
< 2
<4
< 2

1

< 2
< 2

"Dates are inclusive in the outage. An outage could span two
consecutive dates but have a total duration ranging from less
than three hours to more than 45 hours. Incident number 8,
for example, could be a little more than 7 days but could
not exceed 9 days.



FI GU R E XXC-1

FREQUE NCY Hl STOG RAM OF
DAILY AVERAGE DISCHARG E TEMPERATURES

UNDER CONSTANT FU LL .FLOV/ OPERATION+

JAMES A. FITZ PATR I GK NUCLEAR POWER PLANT —I975-I976

~
~

OCTOBER, NOVEMBER DECEMBER l975

40

35

30

CJ
0

LLI

I-

LLI
CL

Z
LLI

20

l5

40

APRIL MAY, JUNE l976

0
LLI
CQ

IL
cC
K
CD
CO

Cl

30

25

20

15

/

45 JULY AUGUST .SEPTEMBER l976

40

30

20

15

~Ol ll5 ~ I oR o5 I R 5 IO RO 50 M 50 90 70 80 90 95 98 99 99,8 99.9 99.99

PERCENT OF DAlLY AVERAGE DISCHARGE TEMPERATURES~ STATED VALUE
Discharge Temperatures Calculated by Addition of 17.0oC to 1975-76

Intake Temperatures



III. BASELINE HYDROGRAPHIC CHARACTERISTICS

A. INTRODUCTION

The circulating water system of JAF is designed to minimize the

impact of the plant's operation on the thermal characteristics of
Lake Ontario in the vicinity of Nine Mile Point. Lake Ontario

temperature characteristics, general circulation and local current
patterns, lake bed topography, and existing water uses were the

important design criteria used in the development of the circulating
water system. The baseline hydrographic characteristics of Lake

Ontario relevant to the assessment of the operation of the Fitz-,
Patrick Plant are discussed in the following sections.

B. GENERAL FEATURES OF LAKE ONTARIO

1. S s a Te er tur S u

a. S in M r T e a B

Lake Ontario is a large temperate lake which experiences season-

al changes in its thermal structure. Natural warming of the
lake begins in mid-March and continues until mid-September. At

the onset of warming the surface water temperature in the
shallow littoral zone rises more rapidly than in regions just
offshore. By May this difference has created a sharp horizontal
temperature gradient with inshore water temperatures above 4 C

(39 F) and the offshore water temperature below 4 C (39 F).
There is a convergence zone where water from the relatively warm

inshore region mixes with the cold offshore water (Rodgers

1966). As a consequence of the nonlinear temperature/density
relationship of freshwater, the mixed water produced in this



transition zone is heavier than the water on either side and

sinks, setting up a bar that may reduce free exchange of water

between the shallow littoral zone and the deeper part of the

lake. The thermal bar moves gradually and steadily offshore

with spring warming of the lake until it dissipates in late
June. It is estimated that the spring thermal bar may exist for
as long as eight weeks (Sweer s 1969).

As the thermal bar moves offshore, the inshore water continues

to warm and a thermocline develops separating the warm surface

water from the cold deep water. The thermocline restricts
vertical mixing to the epilimnion, but in mid-lake on the

offshore side of the thermal bar mixing extends from surface

to bottom. About four weeks after emergence of the bar the

inshore area constitutes approximately half the area of the lake

(Sweers 1969).

b. S er St

The disappearance of an offshore surface temperature of 4 C

(39.2 F) in late June defines the start of the summer season in
the lake. In general, vertical stratification is established

over the entire basin by the combined effects of lake warming

and the advection of the warmer, nearshore water. The sporadic

appearance of surface temperature minima during summer are

related to upwellings. As warming continues, stratification
intensifies „and the thermocline is more sharply defined, with

vertical temperature gradients in excess of 1 C/m (0.6 F/ft).
As a consequence of stratification, heat transfer and mixing are

confined largely to the epilimnion. The lake's mean surface

temperature reaches 21 C (69.8 F), and the hypolimnion tempera-

ture varies with depth, ranging between 3.8 and 4.0 C (38.0 and



39.2 F) (Sweers 1969). The thermocline forms near the surface

in early summer but descends due to continued warming and

reaches a characteristic depth of approximately 21 m (70 ft)
(Casey et al. 1965).

In late September the warming process ends, the lake's mean

surface temperature rapidly drops below 17 C (62.6 F), and the

rate of descent of the thermocline increases. The vertical
temperature gradient decreases as the surface layer and deeper

water effectively mix. Mixing is the consequence of convection
caused by cooling at the surface and is enhanced by the weaken-

ing of the thermocline which permits wind-induced turbulence to
extend to greater depths.

The fall cooling process resembles spring warming. When near-
shore water cools below the temperature of maximum density, a

"reverse" thermal bar develops separating colder inshore water

from warmer offshore water. The fall thermal bar has a weaker

thermal gradient than the spring thermal bar.

The breakdown of stratification throughout the lake marks the
onset of the winter season. The offshore water mass is well
mixed, attaining a nearly isothermal condition. The date of
overturn differs from year to year depending on the occurrence

of storms. The lake surface is cooled below 4 C (39 F) and

surface isotherms tend to be parallel to shore. As cooling
continues and surface temperatures drop below 0 C (39 F),
vertical stratification is again produced, with colder buoyant



water above the warmer 4 C (39 F) water at depth. Vertical
circulation at times extends as deep as 100 m (328 ft) (Sweers

1969). Mith continued cooling ice forms in the nearshore

region. Under normal climatic conditions the greatest extent of

ice cover is found in the east end of the lake in mid-March,

while in a severe winter ice covers about 25$ of the lake

surface (U.S. Army Corps of Engineers 1975).

2. LkeCru o

The large-scale circulation of Lake Ontario is counter-clockwise

(cyclonic flow) with flow to the east along the south shore in a

relatively narrow band and a somewhat less pronounced flow to the

west along the north shore. The conceptual model that explains this
general circulation is presented below.

A cool mound of water extends from surface to bottom in spring and

from below the thermocline to the bottom in summer and fall (Sweers

1969). The baroclinic flow resulting from the horizontal tempera-

ture differences's initially directed outward from mid-lake towards

the shore. Although the Coriolis effect is acting to turn the flow

to the right (clockwise), its effect is diminished due to bottom

friction. This outward flow brings water to the inshore area where

it begins to pile up. A surface slope, higher inshore than in
mid-lake, develops into a barotropic current initially directed

lakeward. The barotropic current tends to the right because of the

Coriolis effect. The result is that Coriolis effect and the barrier
effect of the coastline trap the flow against the shoreline. The

flow continues along the shoreline in a counter-clockwise direction
as long as the surface slope is maintained.

Inflow from the Niagara River'auses the western end of the lake

surface to be higher than the eastern end (on the average). The

III-0



resulting flow down the gradient is held against the lake's south

shore by the Coriolis effect, thereby enhancing the barotropic flow

already existing along the south shore. Wind stress averaged over

the year tends further to accelerate the flow to the east and

decelerate the flow to the west.

The general circulation in winter is less well documented. In late
fall after overturn has occurred, the lake is essentially iso-
thermal, thereby permitting a free exchange of water from surface to
bottom. Wind direction in winter is primarily from the west-north-

west. The net surface flow that results is eastward with westward

return flow developing below the surface. The surface layer in the

western end is advected to the east and is replaced by subsurface

water (Sweers 1969). This large scale upwelling at the upwind end

of the lake and downwelling at the downwind end mixes the surface

and subsurface water on a scale that is not likely to occur during
the rest of the year.

he Ge Ci u p tt

The general circulation described above has been documented by

observations collected over long periods (months). The circulation
patterns that are observed at any given time, however, are more

complex as a result of the lake's response to the shifting winds.

At times a ma)or wind shift can alter the currents in a matter of
hours, while at other times some features of the current pattern
have continued even with an opposing wind (Csanady 1972). The

response time of the currents to a shift in wind distribution is
partially related to the scale of the current; large offshore
longshore currents respond sluggishly while the response of long-
shore currents nearer to shore is more rapid, six hours or less. In
addition, the deeper the current, the more slowly it responds.



Two important examples of wind-induced changes in the general
circulation are upwelling and internal oscillations. Upwelling

occurs when a water mass is forced from depth to the surface, and

is observed to some degree in all lakes during all seasons (Mortimer

1971); however, it is more conspicuous during seasons of stratifica-
tion when the upwelled water is much colder than the surface water

that it displaces. Wind stress and associated currents depress the

thermocline to below equilibrium level at the downwind end of the

basin, while at the upwind end the thermocline is displaced upward

and may intersect the surface. Upwelling motions are strongly
influenced by the Coriolis force. Depression of the thermocline

is greatest to the right of the downwind end of the basin and

upwelling is strongest to the left of the upwind end (Mortimer

1971). For example, in Lake Ontario, a west wind causes upwelling

along the northwest shore, and the thermocline is deepest along the

southeast shore.

A variety of mechanisms have been proposed to account for the

observed periodic displacement of the thermocline. The most direct
explanation is that an upwelling event displaces the thermocline

from equilibrium by converting kinetic energy of the wind to poten-

tial energy of the thermocline position. When the wind stress is
removed, internal waves are set in motion and contribute to the

dissipation of this energy. Internal waves increase in amplitude

after storms, and in Lake Ontario the oscillations have a period

of nearly 17.5 hours, roughly three complete oscillations every two

days. These oscillation events are a common feature of lake temp-

erature records and are prominent in the intake temperature records

at many power plants.



C. SITE FEATURES

1. B to Se e

A number of observations of the bottom sediments have been made

along the south shore of Lake Ontario. Sutton et al. ( 1970) exa-

mined nearshore bottom sediments (0-33 m, 0-108.3 ft) in 1968 and

1969 between Rochester and Stony Point, and stated several con-

clusions relevant to the FitzPatrick site:

a. There is generally a west-to-east transport of sediment.

b. Sites of sediment accumulation occur in nearshor e shallow

areas where the shoreline is irregular and where there are local
deviations from the above transport pattern.

c. In general, the coarser sands, boulders, pebbles, and

cobbles lie in the beach or nearshore area, and finer sediments

are found lakeward.

d. Several small patches of sand occur offshore between Oswego

and Mexico Bay, and it is hypothesized that these originate from

the Oswego River.

Visual observations made in the Nine Mile Point vicinity during the

1974 sampling period corroborate some of the earlier observations

of Sutton et al. ( 1970). The two western transects, NMPW and NMPP,

are dominated more by bedrock and rubble than sand and silt, whereas

the FITZ and NMPE transects have bedrock and rubble near shore with
sand and silt prevailing beyond the 6. 1 m (20 ft) depth contour.

The presence of a finer grained sediment to the east probably
corresponds to the dominance of patchy sand deposits in Mexico Bay.



The irregularity of the shoreline at Nine Mile Point could possibly
be the cause of minor sand and silt deposition at that point and

eastward. In general, finer grained sediments are more dominant

farther offshore.

2. L Cur s

In the course of preoperational studies for JAF, current measure-

ments were made off the Nine Mile Point promontory from May to
October 1969, and from July to October 1970. Two fixed underwater

towers were placed in the lake, one in 7.3 m (24 ft) of water, and

one in 14.0 m (46 ft) of water, and provided average hourly current
speed and direction. In addition, two drogue surveys were conducted

in 1969 to obtain the overall current pattern at the site. These

studies were reported by Gunwaldson et al. ( 1970) and the Power

Authority (PASNY 1971). Figure IIIC-1 presents frequency-duration
data derived from these studies. These data are consistent with
wind-induced current frequencies reported by Palmer and Izatt ( 1970)

for a similar water depth near Toronto.

The field data clearly illustrate a correlation between summer

currents and wind speed. The correlation is an accepted principle
of hydrodynamics as theorized by Ekman ( 1928) and subsequently

verified by numerous oceanographers (e.g., Neumann and Pierson

1966). Measurements of wind currents at lightships (Haight 1942)

have been analyzed to determine the ratio of current speed to wind

speed. Reported values of this ratio, commonly called the "wind

factor," range between .005 and .030.

The wind speed frequency data indicate that over the year a speed in
excess of 32 km/hr (20 mph) occurs 21.6$ of the time, based on

readings averaged over a six-hour period. For the. summer months,
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June through September, winds in excess of 32 km/hr (20 mph) occur

13.9$ of the time. The current speed of six-hour duration exceeded

with comparable frequency in 14 m (46 ft) of water is about 15 cm/sec

(0.5 fps) (see Figure IIIC-2). For a persistence of 24 hours, the

current speed exceeded 13.9$ of the time is 13.7 cm/sec (0.45 fps).

0

The predominant direction of currents in the studies described above

is alongshore, as dictated by continuity. On those occasions when

onshore or offshore currents were observed, their magnitudes were

substantially less than those for alongshore currents. The reported

frequencies of various current directions during the summer are

presented in Figure IIIC-2. This figure indicates that currents

alongshore from the west or east are equally frequent at 35'f the

time for each. Onshore and offshore currents each account for 5$ of

the observations. The remaining 30$ of the observations were below

the 'meter threshold, 0.05 knots (2.5 cm/sec, 0.09 fps). At the

6.4 m (21 ft) depth in 14.0 m (46 ft) of water, the mean onshore

current speed was 3.0 cm/sec (0.09 fps) and the mean offshore

current speed was 6.0 cm/sec (0.2 fps). On the other hand, along-

shore currents from the west and east averaged 9 cm/sec (0.3 fps).

Vertical profiles of currents have been recorded in several lake

studies. Current profiles with depth, however, are sensitive to

the turbulent momentum exchange coefficient and ambient stratifi-
cation. A theoretical profile was computed for the homogeneous

shallow waters found near the Nine Mile Point site and indicates

the absence of any significant Ekman spiral.

Lake currents were measured at selected locations in the immediate

vicinity of the Oswego Steam Station on five days between 12 October

and 19 November .1970. These surface current velocities were mostly

alongshore with speeds that ranged from very low (less than 2.5 cm/
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sec, 0.08 fps) up to 15 cm/sec (0.50 fps). This is in general

agreement. with the measurements at Nine Mile Point.

3. L Lake T e Str c u

Data on the thermal structure of the lake in the vicinity of Nine

Mile Point are available from studies conducted offshore of JAF in

1969 and, 1970, from temperature data recorded in the existing intake

for Oswego Units 1-4 (see Figure IIA-1 for location) from 1968

through 1972, and from studies conducted offshore of the Oswego/Nine

Mile Point area during 1973. A short description of each of these

studies is presented in subsequent paragraphs. These data were used

to determine the vertical temperature variations and the surface

temperatures in the vicinity of JAF.

In conjunction with the lake current studies carried out in 1969 and

1970 as part of the preoperational surveys for JAF (PASNX 1971),

water temperatures were also recorded. Three types of temperature

measurements were made:

a. intermittent vertical profiles obtained in 18.3 and 30.5 m

(60 and 100 ft) of water

b. continuous temperature recordings, using seven self-con-

tained underwater instruments mounted on the two underwater

towers, obtained at various depths

c. surface temperatures measured by airborne infrared radio-

metry.

The 1970 studies offshore of Oswego consisted of the collection of

weekly temperatue data at four locations near the discharge of

Oswego Unit 6. Temperatures were measured at one-meter increments



from surface to lake bottom for seventeen consecutive weeks from July

through November 1970 (QLM 1972).

Temperature data in the Oswego/Nine Mile Point area were obtained

during 1973 from west of Oswego to the east of Nine Mile Point.
Vertical temperature profiles were obtained weekly from June through

'mid-December 1973 along five transects (QLM 1974).

Data from these studies were used to evaluate the vertical tempera-

ture structure and to determine whether persistent stratification
exists in this area. Vertical temperature profiles revealed
the existence of transient thermal gradients equal to or greater
than 1 C/m ( 1.6 F/3.2 ft) throughout the study area. The gradients
appeared to be seasonal since they existed primarily in the summer-

time. They were not "seasonally stable," since they were generated

and destroyed by surface heating and cooling and mixing within the

water column over periods dependent upon meteorological conditions.
Although gradients were observed on sequential weeks for up to a

three-week period, the gradients observed were at different tempera-

tures and at different depths from week to week and', therefore, were

not persistent. In addition, when the gradients were observed, they

appeared to be uniform from station to station. A more complete

discusion is presented in the documents previously submitted to the
EPA (LMS 1976).

These data were also used to determine the surface temperature in
the area. During 1970 the maximum surface temperature recorded was

25.5 C (77.9 C). The temperature data recorded in the existing
intake of the Oswego Steam Station were statistically analyzed and

are shown in Figure IIIC-3. Since the lake is generally isothermal
in the top 6 m (20 ft), the temperature obtained at the intake depth

of 4.9 m ( 16 ft) can be considered to be representative of the
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surface water temperatures. The analysis shows that temperatures in
excess of 22.3 C (74 F) occurred only 10$ of the time during the

summer months and less than 1$ of the time on an annual basis.

The natural seasonal progression of temperatures in the Nine Mile
Point vicinity from mid-April through December 1976 is shown in
Figures IIIC-4 and IIIC-5 for the 20 and 40-ft depth contours,

respectively, at the NMPE transect. This transect was selected to
represent the natural temperature cycle in the lake as it had the

highest density of data over the year and is sufficiently distant
from the Nine Mile Point and FitzPatrick discharges to minimize any

influence of the thermal discharges. The degree of natural short-
term variation in surface temperature and the vertical stratifica-
tion imposed on the long-term seasonal temperature cycle is evident
from both figures. Although the degree of variation in surface

temperature is similar between the 20 and 40-ft locations, the

magnitude of vertical stratification is consistently greater at the
40-ft depth contour as a result of increased insulation from surface
warming and the greater effect of cold water masses intruding from

the deeper areas of the lake. The maximum surface temperatures

recorded at the 20 and 40-ft contours were 23.2 and 22.3 C on 23

and 25 August, respectively. Minimum surface temperature at both

locations was 1. 1 C during mid-December.

The plot of vertical temperature differences shows approximately
ten occurences of cold water intrusions at the NMPE-40-ft station
during the sampling period. Table IIIC-1 indicates the dates of
these occurrences along with the approximate duration and magnitude

of the stratification. Table IIIC-1 also identifies the cold water

intrusions which affected the NMPE-20-ft station. Temperature

effects at the 20-ft contour as a result of the intrusions were

generally smaller than at the 40-ft contour along this transect.



FIGURE IIIC-4
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TEMPERATURE AT NMPE 40-FT STATlON
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TABLE IXXC-1

E-2 s

NINE MILE POXNT VICINITY - 1976

APPROXIMATE
DURATION

MAXIMUMOBSERVED
STRATIFICATION

AT NMPE-QO FT STATION
0

INTRUSION OBSERVED
AT NMPE-20 FT STATION

19 APR

28 MAY

2 JUN

3.2

3-7

22 JUN

7 JUL

2 AUG

10 AUG

25 AUG

16 SEP

15 NOV

26 NOV

2~7

2

6.9

3.0

12e3

11.2

2.6

1.9

1.5



The largest observed intrusions at NMPE-40-ft station during the

sampling year occurred on 2 and 10 August. The 2 August event

apparently began about 26 July. A secondary intrusion also occur-

red on or about 25 August.

D. OTHER EXISTING WATER INTAKE STRUCTURES IN LAKE ONTARIO

1. Ni Mil P U t (Niagara Mohawk Power Corporation)

Nine Mile Point Nuclear Station Unit 1, which has been in oper-

ation since 1969, uses a boiling water reactor to provide 610 MWe

(net) of electrical power.

The cooling water for Unit 1 is taken from the lake into a hexagonal

intake structure located in a water depth of approximately 5.5 m

( 18 ft), about 260 m (850 ft) from the shoreline. The flow charac-

teristics are outlined in Table IIID-1, in which they are compared

with those of the JAF station.

2. Osw W Su (City of Oswego)

The water supply intake of the City of Oswego is located about a

mile west of the Oswego STeam Station Unit 5 water intake, and some

1890 m (6200 ft) out into the lake, at a depth of 16.5 m (54 ft).
Hater withdrawal from the lake in 1970 was 17 MGD (26.30 cfs,
0.746 m /sec) for the City of Oswego and 36 MGD (55.70 cfs,3

1.581 m /sec) for the Metropolitan Water Board of Onondaga County,

a combined maximum capacity total of 53 MGD (82 cfs, 2.327 m /sec).3

3. Oswe o Ste S a
tion)

U ts 1-4 (Niagara Mohawk Power Corpora-

The Oswego Steam Station's Units 1-4 have a maximum output of
407 MHe. These units were constructed during the period from 1938 to
1956.



The cooling water for these units is taken from the lake at a point

some 76.2 m (250 ft) north of the northwestern tip= of the Oswego

Harbor breakwater and 137.2 m (450 ft) southeast of the Oswego Unit

5 intake. A flow of up to 21.58 m /sec (762 cfs), when operating3

at the maximum capacity rating, is circulated through the condensers

of the four units. Table IIID-1 shows some of the hydraulic charac-

teristics of the intake of the existing units compared with JAF.

4. 0 we S S ti U (Niagara Mohawk Power Corporation)

The Oswego Steam Station Unit 5 has a maximum output of 850 MWe

(net). This unit began operating during 1975.

d in Table IIID 1.

(Rochester Gas and Electric Corporation)5. Gi N a St

The cooling water for this unit is taken from the lake into a

hexagonal-shaped intake structure located in a water depth of 22 ft
(6.71 m) about 365.8 m ( 1200 ft) from the shoreline. The flow

characteristics are outline

The Ginna Nuclear Station has a maximum design output of 490 MWe.

The cooling water for the Ginna station is drawn from the lake

through a submerged intake structure which is located 945 m

(3100 ft) from shore in 10 m (33 ft) of water. The intake charac-

teristics are given in Table IIID-l.

6. Le G t n St (Ontario Hydro)

The Lennox Generating Station, located 22 miles west of Kingston,

Ontario, consists of four 550 MWe oil-fired units. Circulating
water for all four units is withdrawn from the lake through a common



TABLE IIID-1

INTA E C ARACTERISTICS FOR ELECTRIC GENERATING T T S KE ONTARIO"

ANT NAME

James A. FitzPatrick

Nine Mile Point Unit 1

Oswego Steam Station
Units 1-4

Unit 5

Unit 6

a Nuclear Station

Lennox Generating Station

DESIG LO>1

23.36 m /sec
825 cfs

17.98 m /sec
635 cfs

21.58 m /sec
762 cfs

17.98 m /sec
635 cfs

17.98 m /sec
635 cfs

25.00 m /sec
893 cfs

63.60 m /sec
2272 cfs

VELOCITY AT
E I TERF CE

0.37 m/sec
1.20 fps

0.58 m/sec
1.90 fps

0.53 m/sec
1.75 fps

0.30 m/sec
1.00 fps

0.30 m/sec
1.00 fps

0.20 m/sec
0.65 fps

1.42 m/sec
4.65 fps

APPROACH VELOCITY AT
TRAVELING SCREE

0.28 m/sec
0.92 fps

0.26 m/sec
0.85 fps

0.79 m/sec
0.94 fps

0.30 m/sec
0.97 fps

0.30 m/sec
0.97 fps

0.28 m/sec
0.80 fps

Pickering Generating Station
(4 Units)

Hearn Generating Station

Lakeview Generating Station

120.40 m /sec
4300 cfs

47.00 m /sec
1679 cfs

65.90 m /sec
2353 cfs

0.40 m/sec
1.32 fps

0.46 m/sec
1.50 fps

0.3-0.6 m/sec
1.00-2.00 fps

0.24 m/sec
0.77 fps

0.46 m/sec
1.50 fps

0.67 m/sec
2.20 fps

"Based on maximum design flow



submerged intake structure located in approximately 7.6 m (25 ft) of

water 311 m (1020 ft) offshore. The intake characteristics of the

Lennox station are given in Table IIID-1.
r

7. P Gen t Sta (Ontario Hydro)

The Pickering Generating Station is comprised of four 540 MWe

nuclear units. The station is located on Lake Ontario in Pickering

Township, Ontario, east of Toronto. Circulating water for all four

units is withdrawn from the lake through an intake canal formed by

two artificial groins which extend approximately 305 m ( 1000 ft)
into the lake to a water depth of approximately 4.6 m ( 15 ft). The

intake characteristics for the Pickering station are given in Table

IIID-1.

8. Lak ew Ge e Sta i (Ontario Hydro)

The Lakeview Generating Station, located on Lake Ontario at Toronto,

is a 2400 MWe fossil-fueled plant which began operation in 1968.

Circulating water for the plant is withdrawn from the lake through

an intake canal formed by groins extending 610 m (2,000 ft) from

shore. The intake characteristics for the Lakeview Generating

Station are given in Table IIID-1.

9. He G ne tin S t (Ontario Hydro)

The Hearn Generating Station is a fossil-fueled plant located just
east of Toronto, Ontario which began operation in 1961. The station
has an onshore intake, with a. water depth of approximately 9.2 m

(30 ft). The intake characteristics for the Hearn station are given

in Table IIID-1.



IV. SITE BIOLOGY AND CONDITIONS RELATED TO PLANT IMPACTS

A. INTRODUCTION

The occurrence of such changes in the .aquatic community that may

result from the withdrawal of water for use in once-through cooling
is determined in part by assessing the abundance, distribution,
trophic relationships, and the dynamic aspects of the aquatic biota
of the withdrawal water bodies. Studies of composition, diversity,
and type of community associations in natural and intake-affected
aquatic regions are used to delineate the degree of response of the

aquatic organisms to a possible stress. In this chapter, an assess«

ment of four major biological groups present in the vicinity of JAF

is presented along with a discussion on the integrity of the
biological community. Where appropriate, emphasis has been placed
on those species selected as representative important species.

Aquatic ecological studies have been conducted in the vicinity of
JAF and NMP-1 since 1969; aquatic monitoring programs continue in
accordance with the NRC requirements. The programs conducted by LMS

(QLM 1973, 1974; LMS 1975, 1976, 1977) in the Nine Mile 'Point area

have consisted of surveys of plankton (phytoplankton, zooplankton,
and ichthyoplankton), benthos, and fish populations during the

spring through fall periods at various depths and transect loca-
,tions. Impingement and entrainment of nektonic and planktonic
populations were also monitored at the stations'ntakes. Each

trophic level of the community within the vicinity of Nine Mile
Point is discussed in the following sections. Other studies were

conducted in the study area by McNaught and Fenlon ( 1972), McNaught

and Buzzard ( 1973), Storr ( 1973), and Lake Ontario Environmental

Laboratory (LOTEL) (RGE 1974).



The following analysis is based on data collected through March of
1977, with emphasis on the 1976-1977 data since this period includes

the first full year of operation at JAF. A presentation of the 1976

data (LMS 1977) has been submitted as part of this submittal.
References to the 1976 data contained in the annual report (LMS

1977) contain the text page, table number(s), or figure number(s) in
which the cited information may be found.

B. SELECTION OF IMPORTANT REPRESENTATIVE SPECIES

The purpose of selecting important representative species is to

permit an assessment of plant effects on the ecosy'stem without

resorting to a study of numerous species at each trophic level. The

species selected are considered characteristics of the ecosystem;

therefore, an assessment of plants effects on these species provides

an assessment of ecosystem effects.

The Regional Administrator, after consulting with the Commissioner

of New York State Department of Environmental Conservation, the

Secretary of Commerce and the Secretary of Interior, selected the

following species as Representative Important Species for the James

A. FitzPatrick Nuclear Power Plant (letter from Mr. Gerald Hansler

to Mr. George Berry dated August 11, 1975).

1. Alewife
2. Brown trout
3. Coho salmon

Rainbow smelt
5. Smallmouth bass
6. Threespine stickleback
7. Yellow perch
8. ~Ggg~gg ~fa <~JJt~us

~Sa ~ ~t~t

~O~muu moan@~~i~u
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Four criteria were used to aid in the selection of important repre-
sentative species as required for the 316(a) demonstration for the

James A. FitzPatrick Plant. The criteria were: ( 1) the species is
important for a recreational or commercial fishery, (2) the species

is numerically abundant or represents a major portion of the biomass

of its trophic level, (3) the species is important because its
existence in the lake is endangered or it is a nuisance, (4) the

species has an important functional role in the ecosystem.

The sources of information which,were used include: (1) published
literature regarding the biology of a given species; (2) determina-
tions of importance to the ecosystem based on biological and plant
monitoring programs which have been conducted in the Nine Mile
Point/Oswego area since 1963; and (3) design features, location, and

predicted plumes of the thermal discharge which may impact on the
'

distribution and abundance of the selected species. The important
representative species are given below with the rationale for
inclusion of each species in the list.

a. ~A<,~f

The alewife was selected as a representative species because it
is numerically abundant, a major portion of the total fish
biomass, an important forage species for. valuable recreational
fishes, at times a nuisance, and a potentially important commer-

cial species. Alewife was the dominant species in the vicinity
\

of Nine Mile Point and in impingement sampling from 1973 through

1975. In 1975, it made up 75$ of the annual lake catch (all
gears combined) and 79.6$ of the total number of fish collected
during annual impingement monitoring. In 1976 it made up 56.7$

of the lake catch and 89.9% of the impinged fish. This species
is the forage base for a number of recently introduced salmonids

and constitutes a portion of the diet of all large piscivorous



fishes in Lake Ontario. Annual spring and summer die-offs of

alewives have clogged water intake systems and fouled shoreline

areas with rotting carcasses. The alewife is not commercially

exploited in Lake Ontario.

The brown trout and coho salmon were selected because they are

important recreational species; and are among several salmonids

being stocked in large numbers by the State of New York and

the Province of Ontario. These two species, along with other

salmonids, feed heavily on .alewives and thereby convert a

nuisance species into a useful resource. Although salmonids

are presently collected in low numbers in lake and impingement

sampling, their recreational value, as well as their relation-
ship to the alewife, has led to their inclusion as representa-

tive species.

c. Rai S el

The rainbow smelt was selected for the representative species

list because it is numerically abundant and represents a major

portion of the total fish biomass of the lake. Smelt are

harvested commercially in Lake Ontario and formerly supported a

sport fishery on the Canadian side of the lake. The rainbow

smelt increased in abundance dramatically in the late 1940's and

may have important ecological relationships with other lake

species. It is collected in substantial numbers in lake and

impingement sampling at Nine Mile Point and at the FitzPatrick
plant.
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d. Smal o th B ss

The smallmouth bass is an important sport fish and an important

piscivore in the nearshore are of the lake. Smallmouth bass

were collected in small numbers compared to alewife, although

they are found in the nearshore area and in impingement collec-
tions.

e. i Sti k k

The threespine stickleback is listed as a representative species

because it is important as forage for many piscivores, very

abundant in the nearshore area, and collected in relatively
large numbers in impingement collections at Nine Mile Point and

at the FitzPatrick plant. Threespine stickleback spawn in the

Nine Mile Point area.

The yellow perch was chosen as a representative species because

it is important for sport and commercial fisheries and abundant

in the nearshore area. Christie ( 1973) felt that the increased

commercial catch of this species indicates a substantial in-
crease in its abundance in the eastern end of Lake Ontario. It
is collected in substantial numbers in lake and impingement

sampling at Nine Mile Point and FitzPatrick, and there is
evidence of a minimal amount of spawning in the Nine Mile Point
area.

g. Gaapgi~~ sp.

Gam~ us sp., an amphipod, is considered representative of the

benthic invertebrates that are important forage for the young



and adults of many fish species. Several species of ~G a~us

abundant. Unlike most benthic invertebrates, ~G ggLaa. is quite

mobile and migrates upward away from the bottom. It is thus

entrained into the cooling system of the Nine Mile Point and

FitzPatrick plants (LMS 1975) and into the discharge plumes.

h. T te S ies

Lists of threatened and endangered species are published by the

U.S. Department of the Interior. A review of these publica-
tions, current issues of the Federal Register, and technical
literature indicates that the following species from Lake

Ontario are considered. threatened, endangered, or rare:

Kiyi (~Co ~u ~i)
Shortnose cisco (~Co ~genus ~e~Q.)

None of these fishes have been collected at the plants in the

vicinity of either Nine Mile Point or Oswego in the course of
the extensive biological monitoring programs of the last five
years (1972 to 1976). A discussion of the decline in abundance

of the species listed above may be found in Christie (1973).

2. L f H t es Re r i S

us)

The alewife is an anadromous species that spends most of its
adult life in marine waters and returns to fresh water to
spawn. It occur s from Newfoundland to North Carolina (Scott and
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Crossman 1973), and,, in addition, is landlocked in many lakes

along its range, including Lake Ontario.

In Lake Ontario, adult alewives reside in the open lake and

migrate inshore during the spring and summer to spawn in streams

or in nearshore shallow water areas with sand and gravel bot-
toms. During the spring spawning season, the greater numbers

of alewives move inshore at night; a decrease in alewife
abundance in the spawning areas during the day indicates the

occurrence of short diurnal migrations near the spawning grounds.

Spawning'-,occurs at 16-28 C (60.8-82.4 F). The freshwater female

may lay from 10,000 to 22,400 eggs (Odell 1934; Norden 1967).

Mansueti (1956) noted that the eggs are broadcast at random and

are demersal, essentially nonadhesive. The hatching period

ranges from 48 to 96 hours at 22 C (71.6 F) and increases to six
days at 15.5 C (59.9 F) (Rounsefell and Stringer 1943). More

detailed temperature data appear in Appendix A.

Following spawning, the adults move offshore into deeper waters

during August and overwinter there until March (Graham 1956).

Christie ( 1973) noted offshore migrations of alewives to depths

of 35 m ( 120 ft) during the late summer. Summer lethal thresh-
old temperatures range from 3 C (5.4 F) above acclimation to a

temperature of 32 C (89.6 F).

Like adults, Juvenile alewives migrate inshore during the spring
and undertake diurnal movements while inshore. They may be

found in shallow water at night and on the bottom in 2-3 m

(6-10 ft) of water during the day (Scott and Crossman 1973) .

Odell (1934) noted that in Seneca Lake, New York, alewife fry
migrate to mid-depth lake waters during the fall and winter.
Graham (1956) also indicated that young-of-the-year alewives
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remain near the spawning grounds until the late larval stage;

they then migrate to shallow protected areas prior to movement

into deep water. The young may attain a length of 51-75 mm by

the fall (Scott and Crossman 1973).

In a study of alewife growth in Lake Ontario, Graham ( 1956)

noted that alewives experience an early period of rapid growth,

the rate of which decreases with the onset of sexual maturity

at age 2 for males and age 3 for females. Pritchard ( 1929)

reported that females grow faster than males and attain a

greater size throughout their life. The adult alewife are

filter-feeders and prey principally on zooplanktonic organisms

such as cladocerans, copepods, ostracods, and mysids; in fresh

water they therefore compete with the indigenous forage fish
species for food. Alewives are also an important food source

for large piscivorous fish such as lake trout, burbot, and

salmon. Since its introduction into Lake Ontario during the

1800's, the alewife has increased substantially in abundance.

The brown trout is native to Europe and western Asia. It was

introduced into North American waters during the 1800's and may

be found throughout the Great Lakes region and the northeast

coast of the United States (Scott and Crossman 1973). This

species is annually stocked in the New York portion of Lake

Ontario by the New York State Department of Environmental

Conservation.

Brown trout usually spawn during late autumn/early winter; in
one study, Mansell (1966) noted that brown trout spawned during

mid-October through early November in Ontario Province when
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water temperatures ranged from 6.7-8.9 C (44.1-48.0 F). Spawn-

ing usually takes place in the shallow headwaters of streams

over a gravel bottom, although Eddy and Surber ( 1960) observed

that many spawned on rocky reefs along the shore of Lake

Superior. The number of eggs deposited by a spawning female

trout is proportional to her size: the larger females deposit
more eggs.

Age and growth studies of Lake Ontario brown trout indicated
that individuals of this species may live for 13 years (Marshall
and MacCrimmon 1970); brown trout reached a length of 427 mm at
age 4 (Mansell 1966). Brynildson et al. (1963) noted that
the optimum temperature range is 18. 3-23. 9 C (64. 9-75. 0 F) .

Brown trout feed upon a broad spectrum of aquatic organisms

including insects, crayfish, salamanders, 'molluscs, and other
fishes. Smaller trout may be consumed by large brown trout
which may, in turn, be preyed upon by mergansers (diving ducks).

nc us ~ki u~)

The coho salmon is an anadromous species which occurs naturally
in the Pacific Ocean and in rivers and streams which drain
northwestern North America. Attempts to establish the coho

salmon in the Great Lakes were unsuccessful until the 1960's

when there were reports of limited natural reproduction occur-

ring in Michigan (Scott and Crossman 1973). In New York State,
the New York State Department of Environmental Conservation

annually stocks coho salmon in tributary streams of Lake Ontario.

The spawning runs of the coho in the Great Lakes take place from

September to early October, although actual spawning occurs from

October to November or from November to January, depending upon
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the spawning run'(Scott and Crossman 1973). Swift-running
tributaries with gravel bottoms are usually selected as the

spawning site.

The number of eggs deposited by the females varies with size of

the female, location, and year. The adults die shortly after

they spawn. Eggs hatch during the spring in 35-50 days,,depend-

ing upon the water temperature. The yolk sac is absorbed by the

alevins during a 2-3 week period as they remain in the gravelly

stream bottom. When fry emerge, which may occur from March to

July, some individuals will migrate to the sea or open lake,

although most fry remain in freshwater streams or tributaries
for a one-year period. Schools of salmon migrate to the ocean

or lake during the spring of the year following emergence. The

majority of the migratory population spends about 18 months in
the lake or at sea and returns to spawn at age 3 or age 0 during

the fall (Scott and Crossman 1973).

The coho have lethal thermal thresholds of at least 2 C (3.6 F)

above acclimation temperature, up to 25 C (77.0 F). In fresh

water, the young cohos feed upon insects, oligochaetes, and the

young of chub and pink salmon. Large coho salmon prey primarily
upon rainbow smelt and alewives; they, in turn, are prey for
large birds and. mammals including man, as well as the sea

lamprey.

The original range of the rainbow smelt in eastern North America

was restricted to the Atlantic coastal drainage basin from New

Jersey to Labrador; whether or not the smelt is native to Lake

Ontario is uncertain. Hubbs and Lagler ( 1958) believe that it



is, whereas Scott and Crossman ( 1973) are of the opposite
opinion. In either case, the first report of rainbow smelt

taken from Lake Ontario was in 1931 by Mason ( 1933). They now

occur in all of the Great Lakes and in many other Canadian and

United States lakes. The smelt is an anadromous species,
leaving the sea or large lakes in spring to spawn in freshwater

streams. In Lake Ontario, spawning often occurs along the lake

edge in shallow water on gravel shoals; Rupp ( 1965) believes
that shore spawning may be .as successful as stream spawning.

Spawning runs of ripe smelt begin in March and continue through

May (McKenzie 1964). In Lake Ontario, spawning runs do not

occur until water temperatures rise at least to 8.9 C (48 F)

and the runs do not continue at temperatures warmer than 18.3

(65 F).

Spawning occurs at night and the spawners move downstream to the

lake during the day (Bailey 1964). Smelt eggs are demersal,

. adhesive, and attach to bottom gravel. The number of eggs

deposited is dependent upon the size of the female, ranging in
number from approximately 8,000-30,000 (Scott and Crossman

1973).

The smelt are a schooling, pelagic species and inhabit streams

only during the spawning period. They are sensitive to tempera-

ture and light and remain in deep, bottom waters during the

day.

Smelt are carnivorous and prey upon a variety of organisms
including insects, oligochaetes, crustaceans, and other fish.
Smelt are, in turn, preyed upon by lake trout, walleye, perch,
salmon and a variety of birds.



e. S ~<~mieu j)

Smallmouth bass are distributed in North America from southern

Canada to Alabama, and west to Oklahoma (Hubbs and Lagler
1958). Spawning occurs in streams or shallow bays from May

through July usually over a period of 6-10 days. Spawning

activities commence when temperature is in the range of 12.8-

20.0 C (55.0-68.0 F) egg deposition occurs primarily at 16. 1-

18.3 C (61.0-65.0 F) (Scott and Crossman 1973). The male

builds a nest on a gravel or rocky bottom usually near the

protection of rocks or dense vegetation. The number of eggs

deposited varies with the size of the female, ranging from

5,000-14,000. Smallmouth bass eggs are demersal, adhesive, and

attach to stones in the nest. Hatching takes place over a

period of 4-10 days in Canadian waters (Scott and Crossman

1973).

Initially, growth is rapid, whereas growth of older fish is
variable; reported landings include a female 13 years old,
584 mm in fork length. Males attain sexual maturity in their
third to fifth year; females mature in their fourth to sixth
year of life.

Diet and seasonal movements occur partly in response to ambient

temperature fluctuations. Adults are found in shallow water on

the spawning grounds during the spring; with the onset of summer

temperatures, they move to greater depths. Studies have indi-
cated that tagged fish undertake limited migrations of 0.8-8.0

km (0.5-5 miles) from the place of capture; some males have been

observed to return to the vicinity of the nest in subsequent

years during the spawning season. During the winter, smallmouth

bass congregate near the bottom'nd are relatively inactive.
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The diet of smallmouth bass varies with age. Bass prey upon

plankton and immature insects during early life, whereas adult
bass include crayfish and a variety of fish in their dietary
spectrum. Predators that feed upon bass eggs and fry include

yellow perch, catfish, gar pike, sunfish, and turtles. (Scott
and Crossman 1973.)

A total of 126 smallmouth bass were tagged at Nine Mile Point

from 1972 to 1976 (Storr 1977). Limited data on movements and

distribution were obtained from the 19 tags returned. The

majority of tag returns were from a short distance from the

point of tagging, generally within 10 miles. Two fish moved to
the mouth of the St. Lawrence River, a distance of at least
50 miles. There was no consistent pattern of movement discern-
able in the data.

f. Threes i Sti k a k (G t st us acu.~~)

The threespine stickleback is widely distributed in fresh and

marine waters of North America. It ranges from Chesapeake Bay

north to the Hudson Bay region.

The threespine stickleback spawns during the summer (June-July)
in fresh water, building its nest in shallow, sandy areas (Scott
and Crossman 1973). The male entices the female to the nest by

a distinctive courtship display; eggs are then laid in clusters
and are adhesive to each other. Breder and Rosen ( 1966) stated
that hatching occurs in 7 days at 19 C (66.2 F). The males tend

the eggs and the young for several days after hatching.

Growth is rapid during the first year, but slows during the

second year of life, with a maximum size of 102 mm attained in
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fresh water. Sexual maturity is attained during the first year

and the individuals probably do not live longer than 3-1/2

years.

A voracious feeder, the threespine stickleback consumes various

annelids, crustaceans; insects, and eggs and larvae of fish.
They, in turn, are preyed upon by fish-eating birds as well as

by larger fish including trout and salmon, and therefore, serve

as an important forage species.

<IL 'J

Although white perch is not a representative important species,

a life history is given since the species is discussed in the

submission.

White perch occur along the Atlantic coast of North America from

New Brunswick, Prince Edward Island, and Nova Scotia to South

Carolina. This species has been introduced into Lake Ontario

and is common in the Hudson River below Albany, New York (Scott

and Crossman 1973).

In Lake Ontario, the white perch spawns during the spring from

mid-May through June '(Sheri and Power 1968). Water tempera-

tures during the spawning period range from 11-15 C (51.8-
59.0 F). Spawning usually takes place over a period of 1-2

weeks with successive releases of eggs during this time (Man-

sueti 1961). Spawning is accomplished over a variety of
'I

substrates. The eggs are adhesive and attach to rocks, vege-

tation and debris. The number of eggs spawned is dependent upon

the size of the female and may range from 20,000-300,000 (Scott

and Crossman 1973). Hatching is controlled by ambient water
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temperature and ranges from approximately 0 days at 15 C

(59.0 F) to 30 hours at 20 C (68.0 F). Thoits ( 1958) indicated
that the young attained a length of 00-65 mm by July and August.

White perch growth rates vary with region and population.
Landlocked populations, such as Lake Ontario white perch,
exhibit a slower growth rate. Sex differences are also indi-
cated with respect to growth: females appear to be, on the

average, slightly larger than males.

Diurnal migrations have been noted for white perch, which appear

to move to offshore waters during the night. Sheri and Power

( 1968) also observed migration to the surface at night and a

descent to deeper waters during the daylight hours.

The diet of freshwater populations is composed of insects,
(especially chironomids) crustaceans, annelids,. molluscs, and

fish. Fish, including such species as yellow perch, johnny
darter and white perch, represent a signficant portion of the
diet of large white perch.

There is some question as to whether there are one, two, or
three separate species of yellow perch-like fish in the Northern
Hemisphere. In any case, the yellow perch and its sister
species or sub-species have a circumpolar distribution in fresh
water. In North America, the yellow perch occurs from Nova

Scotia south along the Atlantic coast, previously to South
Carolina, but now apparently to Florida and Alabama.

The yellow perch is a commerically valuable species throughout
its range, and consequently there is considerable literature on
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various aspects of its life history. These fish are considered

very adaptable because of the wide range of habitats in which

they are found, including warm to cooler areas from large lakes

to ponds, or quiet rivers. They are most abundant in the open

water of large lakes with moderate vegetation (Scott and Cross-

man 1973). Yellow perch are usually considered shallow water

fishes and are usually not collected in water depths below 9.2 m

(30 ft).

Both the young and adults form loose aggregations of 50 to 200

individuals segregated by size. The groups of young are found

in shallower water and nearer shore than adults. Individuals of
schools of adults are close together in summer and more separate

in winter (Scott and Crossman 1973).

Scott (1955), Hergenrader and Hasler (1968), and Muncy (1962)

found that yellow perch undertake a spring migratory movement.

Storr ( 1973) reported that, in the southeastern portion of Lake

Ontario, migratory movements to the spawning ground occurred in
the winter. In addition, movements inshore and out, vertical
diel movements, and seasonal movements into and out of deeper

water have been reported. These latter movements are probably

responses to temperature and distribution of food. In the Bay

of Quinte, Lake Ontario, yellow perch make yearly spring move-

ments in large numbers to the spawning grounds (Griffiths
1974).

Everest ( 1973) found at the Hearn Generating Station on Lake

Ontario that yellow perch were concentrated in the plume area as

compared to a,control area, especially during October. Yellow

perch were found only from June to November. During October

they were collected at temperatures of from 13-22 C (55.4-
71.6 F) at a time when ambient temperatures were around 9-11 C



(55.4-71.6 F) at a time when ambient temperatures were around
9-11 C (48.2-51.8 F). The final temperature preference for the
species has been experimentally determined at 21-24 C (69.8-
75.2 F) (Ferguson, 1958). Data from the vicinity of Nine Mile
Point do not support the results obtained by Everest ( 1973).
Statistical tests show no significant differences in yellow
perch abundance near the surface (where the buoyant plume
exists) or at the plant transect as compared to controls in 1974

(LMS 1975).

Sheri and Power ( 1968) estimated the fecundity of yellow perch
in the Bay of Quinte, Lake Onatario, to range from 3,035-61,465
eggs for fish 131-257 mm long. Muncy (1962) reported that the
fecundity of yellow perch in the Severn River varied from 5,900
eggs for a fish 173 mm in length to 109,000 eggs for one 358 mm

long. Mean egg production for 20 fish ranging in size from
173-295 mm was 17,940 eggs while 5 larger females 302-358 mm had
a mean egg production of 32,200 eggs.

Between 1972 and 1976, 4,107 yellow perch were tagged in the
vicinity of Nine Mile Point to determine the distribution and

movements of this species (Storr 1977). Returns from 538 fish
showed regular seasonal movements between the Nine Mile Point
area and the eastern end of Lake Ontario. During fall, yellow
perch moved eastward from Nine Mile Point and concentrated in
the area of Sandy Pond where they overwintered and probably
spawned the following spring. In spring they moved westward
along the south shore of the lake and were recaptured in the
Nine Mile Point area from June through September. The lake
sampling in the Nine Mile Point vicinity indicated peak abun-
dance of yellow perch from July through September.
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The tagging data indicate that some individuals do not follow
the migratory pattern described above and travel great distances
from Nine Mile Point. A perch traveled as far west as the mouth

of the Genessee River, approximately 63 shoreline miles and

another fish moved north to the Canadian side of the lake at the
mouth of the St. Lawrence River, more than 50 shoreline miles.
The total shoreline range covered by yellow perch tagged at Nine

Mile Point was in excess of 110 miles.

i. ~Ga n~m~rus @~aldus

The amphipod ~Ga gi~aus faZcC~uq. is widely distributed in the
fresh waters of North America. Its range extends from the
Caribbean seacoast north to the St. Lawrence River System, and

from the Atlantic coastal area as far west as the Mississippi
River (Clemens 1950).

Clemens ( 1950), in describing the reproductive cycle of G.

f~~~s, noted that the sexes are separate and that reproduc-
tion is entirely sexual. Males are longer at the attainment of
sexual maturity than females, for which the size at maturing
varies with the temperature; at 6 C (42.8 F) females mature at
8.8 mm, while at 26 C (78.8 F) they mature at 5.4 mm. Egg

production is positively correlated with body length and season.

Clemens ( 1950) observed that the average monthly egg production
per female decreased from April to September; the average number

of eggs per female for the entire season was seventeen. Mature

females lay eggs subsequent to each adult molt, and copulation
occurs just subsequent to moulting, during ovulation, and for a

short time afterward. The proximity of the two sexes at the
time for fertilization is ensured by the act of pairing, whereby

the male carries the female until copulation is completed.
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During incubation the fertilized eggs are carried in a br ood

pouch or marsupium under the female. The incubation period
depends on temperature; at constant temperatures of 24, 22, 20,

18 and 15 C (75.2, 71.6, 68.0, and 59 F) incubation lasted 7, 8,

9, 14, and 22 days, respectively. The maximum number of in-
cubation periods or broods produced per female per year was

estimated to be seventeen in Lake Erie. However, the actual
number of broods produced per female is probably between five
and eleven.

Immature gammarids reached maturity after seven molts (Clemens

1950), with the interval between molts decreasing with increased
temperature. In the laboratory at 21 C (69.8 F), gammarus young

required 42 to 53 days to reach maturity, whereas at tempera-
tures varying from 14 to 22 C (57.2 to 71.6 F) young achieved
maturity in 66 to 85 days.

An onnfverous feeder, ~Glen|~as ~fas f tus devours ltvdng and dead

plant and animal matter, and may prey on such zooplankton as

~Dhyana, ~L~>~Z and copepods (Clemens 1950). It also eats
benthic organisms such as insect larvae, oligochaetes, and small
isopods (Burbanck, personal communication 1972); in addition,
male gammarids in particular are cannabalistic. G. f~sa~tu
plays an important role in the trophic structure of many aquatic
environments since it is in turn consumed extensively by a wide

variety of fish and invertebrate predators (Scott and Crossman

1973; QLM 1974; LMS 1975).

Pentland (1930) observed that it is capable of enduring high
temperatures. New Yor k University (1975) observed that ~Gng~~us

sp. acclimated at 25 C (77 F) suffered no mortality when exposed

for 1 hour to a temperature of 35.6 C (96 F); 92$ of the organ-
isms exposed to a temperature of 37 C (99 F) for 1 hour died
within 24 hours.

IV-20



C. PHYTOPLANKTON

1. C un D s t

a. S c sC Abun ce

(i) Lake Ontario and Nine Mile Point Vicinity

Phytoplankton, which are microscopic, free-floating plants
distributed throughout the water column, play an essential
role in the energy flow through the Lake Ontario ecosystem.

Phytoplankton succession in the surface waters of Lake

Ontario has been documented by Munawar and Nauwerck (1971)

and Vollenweider et al. (1974). They reported that diatoms

generally dominate the phytoplankton from January through

May; their subsequent decrease in June is accompanied by an

increase in dinoflagellates, cryptophytes, and chrysophytes.

The phytoplankton, during July and- August, are dominated by

either green or blue-green algae. From September to Decem-

ber diatoms increase while other algae decrease in import-
ance. The succession of phytoplankters in nearshore waters

of Lake Ontario generally parallels that in offshore waters,

with apparent differences between the two communities

related to the influence of the thermal bar and meteoro-

logical conditions.

During 1976, the phytoplankton community in the Nine Mile
Point vicinity of Lake Ontario was monitored monthly from

April through December at 16 stations located from the

10 to 60-ft depth contour (Figure IVC-1); species composi-

tion, abundance and biovolume, chlorophyll ~ concentration,
and primary productivity (C-14) were recorded. Mhole water
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samples were collected with PVC Van Dorn samplers from

gust below the water surface at all 16 sample locations and

at specific light transmittance levels (i.e., 50, 25, and 1$

light transmittance levels) at only the NMPE-40-ft station.
The 50$ light level samples were collected 0.2 to 0.5 meters

below the surface, the 25$ light level samples 0.5 to 2.0

meters below the surface, and the 1$ light level samples 3.0

to 12.0 meters below the surface. Eight of the nine collec-
tions were made during near-maximum plant load operating
conditions at the FitzPatrick station. Samples were an-

alyzed for species composition, abundance and biovolume,

following the Utermohl method (Utermohl 1958; Lund et al.
1958). Chlorophyll ~ concentrations were measured following
the method outlined in Golterman ( 1971). C-14 uptake

(primary productivity) was determined following the proce-

dure of Vollenweider et al. ( 1974) and APHA ( 1976): two

light and one dark bottles were incubated at a constant

1000 foot-candles and at ambient lake temperature for four
hours.

The phytoplankton community in the Nine Mile Point vicinity
was represented by the following taxa: Myxophyceae (blue-

green algae), Chlorophyceae (green algae), Euglenophyceae,

Chrysophyceae, Bacillariophyceae (diatoms), Cryptophyceae,

and Dinophyceae. The occurrence of phytoplankton by date

during 1976 is presented in Tables IVC-1 and IVC-2. The

greatest number of taxa identified belonged to the Class

Chlorophyceae; however, the Class Myxophyceae comprised the

greatest percentage of the phytoplankton community (approxi-
mately 34-68$ by abundance) on seven of the nine collection
dates (Table IVC-3).
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OCCURRE]ICE OP TOPLA]IKTOII BY

RI]i>E IIIEiE ICIDITY

DATE

1976

TAXOI] DATE

30 APR 27 HAY 17 JUR 28 JUL 26 AUG 23 SFP 19 OCT 16 IIOV 14 DEC

i/YXOPffYCEAE

ARACYSTIS SP.
Al]ACYSTIS AERUC1'IIOSA
ADACYSTIS IIICEBTA .
APSAii'!OCAPSA DELI'CATISSIA'A
CBBOOCOCCUS E I!/RETI'CUS
CBiBOOCOCCUS III]!U'S .
CBBOOCOCCVS DISPEPSUS

CHROOCOCCUS DISPERSUS VAR. PHNOR

'COELOSPHAERIUN HUETZINGIANUN
COEMSPHAERIUH HAEGELIANUN
GO! /P 110. P.'? AEB1'A LACUS TRIS
i/ERIS!!OPEDIA TE]IUISSI(YA
SYRECROCCUS SP.
HALO!IE'ELLA ELEGARS
LY]ICEYA LI?I BET I CA

LYI'CBYA .-'A >0!I
OSCIE EA TORIA SP.
OSCILEiATORIA

AGARDRI1'ZCILLATOBIALIilf]ETICA
08 C1'EEA ~ ORI'A TF?]VIS
OSCILLATOR1' CEI/IBATA

.OSC1'LEA OBIA l>II!!DIA
OSCILIA TOBIA A i>PPIBIA
PPOR!/IVIV]1 SP ..
P!!OR! IVIV!/ IIUCICOLA
PRAPB1'DIOPSIS SPi
Al!i!BAElfA8Pi
A]!ABi1FIIA CIPCIIIALIS
ARABAE]'A PE>08-AQUAE
Al]APAEIIA SPIPOIDES
AIIABAEIIA PLAUCTOIIICA
A PI]A]IIZOi]EIIOIIPLOS-AQUAE
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CAPTERIA SP.
CABTEB1'A COBDIPOR>II8
CPEA!IYDOIIO]IAS SP,
CPLAIIYDOI!Of]ASCEOBOSA
EUDOBIli'A FLECAtlS
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X
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TABLE IVC-j. (CONT)

TAXOH DATE

30 APR 27 HAY 17 JVH 28 JVL 26 AUG 23 SEP 19 OCT 16 IIOV 14 DEC

CHLOROPHYCEAE (cont. )
PAIIDORIIIA !IORUb! =

PEDI!Iol!OIIAS !!I't!UTISSZI!A.

LOBO!/0//ms Ab/PLA
POLY 0.'/A S?o
POLYTor!A I!ICROSPHAERICV'4
POLY 0."!n . GBAI/VLIFERVII
CYBob!I US SP.
POLYTO /ELLA SPo
ELAI OTOTHBIX CELATII!OSA
GLOEOCYSTIS.SP.
GLOZOCYSTIS GIGAS
GLor'OCYS IS PLAIIYTOHICA
SPIAEROCYSTIS SCHROZTERI
Tr . RASP'OBA LACUSTPIS
CF'~II/ELLA !.'U APILIS
ULOTHRIX SP.
UTOTHRIX SUB ILISSIIIA
OFDOGOIIIU:! SPo
I!OUG-OTIA SP.
CLOSTEBIUI! SP.
cLosTZBIu!! AcIcuLARZ
CTOS; ZRIV!i VFIIVS
CLOSTZHIVrt CRA CI T E
COS!IABIVV SP.
STAUBAS RUV SP.
ACTTt!As BJrf I!AIITZSCHII
Al!KIST.'IODFSI!VS FALCATUS
A:eISTvoD~S!tus spIROTAEHIA
AHKISTRODr".S rJS IIAHHOSELEHE
CHODATZLLA CILIATA
Cf/ODATZLLA CITFIFOR!rtIS
CHODATZLLA SVBSALSA
CHODA r".LLA IIVADRI'SETA
Cr!LOBZLLA SP
CLOSTFB IOPSIS Lot/CISSIIIA
COZLASTRUH CA!>BRICVrr
COETASTRUM b!ICROPORUM
COZLAS HV:I HETICIILATUH
COFLAS TBUb! SPHAERICUM
CBVCIGE /IA RECTAIICVLARIS
CRUCICFHIA IBREGULARIS
CRJCIC !IZA TETRAPEDIA
DIC YOSPPAEBIVI! EHREIIBERCIAtlut!
DICTYOSP!!IAERIU'/ PULCIIELLUb!
DICTYOSPHAERIUa'! ELECrAtIS
EC",Tl!OSPRAEHZLLA LI!!t!ETICA
ERBEi!ELLA BORIIIIE!!IFHSIS
FFAIr'Cr".IA DROESCHERI
FBAHCZIA OVALIS
CorE!K BADIA n
KIBCH. LA COHTORTA
KI;ICHh. ~LA OBr.SA
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TE

30 APR 27 MAY 17 JUII 28 JU AVG 23 SZP i9 OCT. 16 IIOV'4 DEC
CHLOROP EAR (con t. )
XI!ICY.'/ZRIELLASUBSOLZTARIA
'VIC>RAC I/<IVI< PUSILLUII
IIEPHROCY. IV!I AGARDIAIIV><t
RE?!IROCY IU!l LINETICV>Y
OOCYSTIS SP.
OOCYST1'S

BORGE1'OCYS

IS LACUSTRIS
OQCYSTIS PARVA
OQCYSTIS PVSILLA
OOCYSTIS SOLITARIA
OOCYSTIS SVBPIABZIIA
PZDIASTRVV BOBYAi'IVi'!.
PEDIAST<IVII DUPLEX
PZDIASTRV!! SIt!PLiEX
P"DIAS"Bu:I ;ETRAS
QVADRICiULA C!IODAT1'I
QUADRICVLA ZACUSTR "S
SCZ!IFDES.'IVS ABVIIDAIIS
SC »''».DES!US ACVllIRATUS
SCF?IZDFS!!VS BIJUGA
SC I(EDZSI!US DEIITICVIATUS
SCZ»''EDES!<IVS DZI!ORPF.VS
SC I»'.I/ZEUS IIICBASSATULUS
SCE.'/EDES.'<VS LOIIGVS
SCZ>'IEDZS>'IVS OBLIQUVS
SCZ'/EDZS fVS 0?OLZEIISIS
SCZIIZDZS:"US OUADRICAVDA
SCZ'!?Z!/ZSIIUS BZJVCATIIS
SCZllFDFS14US Il(TER<'IZDIUS

C .'IZD.S.!US BIJVGA V. FLEXUOSUS
SC!1 <!OFRUPIA JUDAYZ
SCHROZDZBIA SET1'CZRA
SELEHAS; RU!I GRACILE
SZLZIIAS RUPI IIZ'IIVTUM
TE.BAZDBOII SP.
TF TRAZDFO<7 CAUDATUd
TZTRAFDRO.'I !'.IliI!!U!l

ZTBAFD<IOI/ I!V I'CV>Y
TZTBAZDRO>'I BZGVLAPE
T""" !AS'.'IU» F!'TEFACAllTHU!L
TETRASTRUbt STAU.IOCZIIIAEFORtsE
TETFASTB U!I EIEGAt(S
TR~UBARZA SETIGERUN
TRZVBA'IIh TBZAPPEIID1'CULATA
TROCRISCIA SP.
CQRAIIASTRVII AZSTIVALE
PARA!!ASTIX SP.
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TAXON

30 APR 27.HAY

TABLE XVC-1 (CONT)

27 JUN 28 JUL 26 AUG 23 SEP 29 OCT 26 NOV 24 DEC

EUClE'NOPHYCEAE

EUGLENA GAS2'EROSTEUS
PfIACUS SP.
PHACUS PINUP
TRACHELOL!ONAS SPo
LEPOCIIICLIS SPi

X
X

CfIRYSOPHYCEAE

DINOBRYON SPo
DINOBPYON BAVARICU!I
DIIIOBRYON SOCIALE
DINOBRYON SOCIALE VAR. ILHERICANUH
SWALLO.LION}S SP,
CHRYSOCflROLIULINA PARVA
CfliF?0<IVLINA SP a

STELEX!IONAS DICVOTOLIA
XFPHYRION SP,
AVLO!Of)AS PU!IDYI
P!IIZOC!IRYSIS SP.
CHoYSQCOCCVS SP,
CPRYSA!IOEBA SP.
OCHRO.IONAS SP,
UROCLE!IA SP.
CODO)s'OSIGA B02VlY IS
CODONOSIGA FVRCATA
BICOECA SP.
BICQECA CRYSTAlLINA
CODONOSIGOPSIS ROBINI
!iO))OSICA OVATA
!!0)IAS SP.
HOBO SP.
ERYENIA SUBAEQUICILA2'A
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BACILLARIOPHYCEAE
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CYCLOTELLA ATOIIVS
CYCLQTFLlA CLO!IERATA
CYCLO, ELLA I!Fl.'ECHINIANA
?IELOSIRA BINDERANA
IIE "OS IRA DISTAIIS
HZLOSIRA CRANULATA
!'ELOSIRA ISLANDICA
!IFIOSI ALICA
HELOSI IICA VAR~ SUBARCTICA
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TABLE (CONT)

2'AXON

30 APR 27 /.!AY 17 ZUt/ 28 JUL 26 AUG 23 SEP 19 OC2'6 Hov 1LL DEC

USTISSIMh

X
D
X

NZNUTULA X

Xr
X
X
X
X

TERNEDZA

X
X
X

X
X

X
X
X

BACILLhRIOPHYCEAE(cont.)
i!ELOSIRA GFAI1ULATA VAB hNG
PHIZOSOLE!/IA SP.
STEPHAHODISCUS ASTBEA
STEP!!ANODISCUS HAllTZSCHII
STEPHA NODIS CUS NIAGA RA E
STEPHANODISCUS ASTREA VAR
AC!tt/At!~RES SP ~

AHP!..PROPA S! .
ASTr",BIOHELLA FORVOSA
CY?iA OPLEUHA SOLEA
DIA 0.'tA ELollGATU!!
DIA 07A VULGABE
DIATOM FLO//GATUtt V. 2'ENUI
r"BhGILARIA SP ~

FBAGILARIA CAP UCIlIA
PFAGILARI A CP02'Ot!E!/SIS
FRA GILAB1'A VAUCHERIAE
GO: P!/ONr!/4 OL VACEUH
GYBOSIG.'tA SP.
1/AVICULA SP.
NhltICULA CRYPTOCEPHALh
NAVICUIiA TRIPUNCTATA
NAVICUIA SALINARUN VAR i Zl?
llAVICUl'A !Al/CEOLATA
t/ITZSC/tIA SP i
!IITZSCHIA ACI'CULAFIS
/1ITZSCPIA DISSIPATA
NI ZSC!! IA Po/ITICOI A
HITZSCPIA GRACILIS
,'/I2'ZSCHIA HOLSATICA
tlITZSCFIA LItlEAFIS
llITZSCHIA PALFA
PHOICOSPHEllIA CURVATA
SURIHELLA SP.
SURIRELLA A!IGiUSTATA
SUP IRELLA OVATA

"'!EDFh SP
SYI'?EDFA ACUS
SYHF.D'?A UL1/A
SY.'!EDRA ACUS VAR. RADIAI/S
SY!/FORA BUMPE//S
TABELLARIA FEHESTRATA

X
X
X
X
X

X

X
X
X
X
X

X
X
X
X

X
X
X
X
X

X
X
X

X
X
X

X
X

Xr

X
X

X'

X
X

X
X
X

X
X
X
X
X

X
X
X

X
X
X

X
X
X

X
'

X
X

X
Xr

X
X
X

X
X
X

X
X

X
X

X
X
X
X

D
X
X

X
X
D

X
X
X

X'RYPTOPHYCEAE

CRYPTO!.OHAS SP.
CRYP To!/ONAS EROSA
CRYP 0'!01/AS OVATA
CRYPTO!!0'1AS EBOSA VAB, REPLEXA
CRYP 0'!ONAS CAUDATA
CPYP 0!.'0'lA h!A!?SSONII

Y
X
X

X
X
X
X

D
X
X

X
X
Xr
X

X
X
X

X
X
X
X



TAXON

30 APR 27 HAY
CRYPTOPHYCEAE(cont.)
CFYPTO!IOI)AS REFf EXA
CRYPTOMOHAS ROSTRA A
CBYP 0!!ONAS PARAPl'RENOIDIFERA
CFYPTO!IOIIAS PYBEIIOIDIFERA
CRYPTO!.'OHAS CURVATA
C?YP 0.'!0."!AS BOSTRATIFORYIS
IrATABLEPI)AFIS OVAIIS X
RROD/4'OI)AS !IIIIUTA X
RHODOMONAS MINUTA VAR. NANNOPLANCTIGA+,. p
SE/IHIA PARVUlA
CBYPTAVIAX S P.
CRYPTAUIAX RHOVBOIDEA
!)0!IO!!ASTIX- SP. X
CHI!OiYOIIAS PARA!IAECIVI>

r
X

X
x

X
X
D
X

X
X
X
x

X X

X
x
D

X
x
D,.

X
X

X
X
X

r
X
X
X
X
D

X
X
X
X
X
D

X
X

X
X
X

TABLE IVC-1 (CONT)

DATE

17 JUN 28 JVl 26 AUG 23 SFP 19 OCT 16 NOV 14 DEC
'

X X X X X X X
X

DZ!IOPHYCEAE

GY,'0DIHIUA S P o

G".'ll!ODII!IVII HEIVETICUII
Gl!I!IODIIIIV!,VABIANS
GYI!HODI!)IVI EURYTOPV!!
CEFA IUM HIRVHDIHEIIA
GEEHODZI!IU!E SP o

GLE!/ODINIU'I PUI VISCUIVS
PEBZDIHIVI! SP,
PEFIDINIUPI ACICVIIFERU(i
PF..'?IDIHIU!! CINCTUII

X
X
X

X
X
X
X

X
X
X
X

X
X
X

X
X
X
X

X
X
X

X
X
x

X
X

X
X
X

x
X
X

X PRESENT AT ONE OR 00RE STATIONS; MEAN OR R-1 AND R-2/'URFACE COLLECTION
D ABUNDANCE OF 15 PCT OR )!ORE AT Ol)E OR /)ORE STATIONS PER DATE

* Identified as Chtoornonas acuta in 1975



TA VC-2

OCCUBREBCF. OP PLA?IX Oll Bl'A E

50 ~ 25 ~ AtID 1 Pl.'1' LICBT TRAIIS!II1'TANCE LEVFLS AT IMPE 40 STATION

TAXOII DATE

30 APR 27 ?IAY 17 erUtt 28 c?UL 26 AUC 23 SFP 19 OCT 16 ?IOV 14,19.DEC

$1YXOP.'?YCEA E

AÃACYSTIS AERVCiIB>OSA
APRABOCA?SA DELICATISSIHA .

CBBOOCOCCVS TILi!IETICUS
CBBOOCOCCVS LISPEBSVS
CHROOCOCCVS DISPERSUS VAR. HINOR
COEIOSPIIAERIUH KUETZINGIAHUH
COEIOSPHAERIVH l!AEGELIANUH

Cp?!P!!OS?RAERIA TACVSTRIS
.ll;.Brsi".0?EDIA TEIIVISSI!!A
OSC LLATOBIA ACABD!!II
OSCILLATORIA r>IÃIIE ICA
OSCI'LLATOBIA GE'!It?ATA
OSCrLL>ATPBrA Ai?PPIBIA
P»07'III> rUV SP
PIIORIIIDIV>? 1?U ICOLA
AUABiis?IA FTOS-AqVAE
A?IABA. BA SPIBOIDF>8
APBA?II'.'?E!!oil PLOS»AOVAE

X
X

D
X
X

X
D

r
D
X X
x r

X
X

X
X
X

X
X
D
X
D
D

D
X
X
X

D

Cl?IOROF Ill'CEAE

CARTEBIA SP.
CA!?TERIA COBDIFOR!IIS
C;?TAIIYDO'!0>IAS SP.
c!!IA!?YDD>'!0?IAs GLoposA
EVDOBI!IA ELEGAIIS
PA HDDRI!IA !IORVI!
PEDI!Io!Otlhs .YIIIUTISSIHA
por.Y"0'IA sp.
PQLYTO:-'A BAIIVTII'FBU.'I
CLO:"OC»: IS SP.
croEnc s:Is GIGAS
ClioEOCYSTIS VESICVLOSA
S>'>:CFBOCYSTIS SCBFOETERI—

ri~ASFOBn rACVS.iIS
ULO !!RIX SP.
OEDOCPtlrVi! SP
.'!0?ICi?Q™?'A SP ~

CriOST..".BIU!! SP.
CLOSTEI?IU I ACI CULABE

X

X
X

X X
X

y v
»

X
»
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TABLE IVC-2 (Continued)

EAE(conc.)

SZLEIIASTRU I .~IIIIUTUII
TETRAFDRO.'I ÃIIIIMVM
TZTRAZDROH MVTICutl
TZ+RASTVUM PETERACAHTHVI!
TFTRASTRVI! STAVROGZIIIAZFORHE
TFc llBA.'IIA SETICEPV.'!
TREVBARIA TRIAPPEt>DICUTATA
PARA!!ASTIX SP.

30 APR 27 I!AY 17 JUtl 28 J

X X
X

X
X

6 AUC 23 SFP 19 OC2'6 tlOV 14,19 DEC

X X X
X X X X
X X

ZVGLFHOPHYCEAE

EUC>LEVA CASTZROSTFUS
PPACVS PYRUI!

CHRYSOPHYCZAE

DIHOBRYOH SP.
DIROBRYON SOCIALE
IIALLO>'!CHAS SP.
CHRYSOCPPOI!VLIHA PARVA
CHRO!!VTIHA SP.
S2'ELEX!!OIIAS DICH02'OMA
AULOI!CHAS PURDYI
RHT ZOO'!RYSIS SP.
OCPRO!IOIIAS SP.
UROCTZ."A SP.
CODO!10SICA BOTRYTIS
BICOFCA SP.
BICOZCA CRYSTALTIt!A
CODOHOSICOPSIS ROBI'NI
S<OHO>SIGA OVATA

FRYER!I'A SVBAZQUICILATA

X
X
X
X
X
X
X
X
X
X
X
X

X
.X

X
X
X

X
X
X

X
X
X

X
X

X
X

X

X
X
X
X
X
X
X
X

X, X
X

BACILLARIOPIIYCEAE

COSCIHODTSCUS ROTPII
CYCLO ETTA ATo.'!us
CYCLOT!.'TLA GLOMZRATA
CYCT,O ELLA MFHEGIIIHIAIIA
VFLOSI~A SP.
K-",LOSIRA BIIIDFRAI!A
!!.TOSTRA DTS2'AHS
MEI>OS TRA C>PAIIVLA2'A
MFI.OSIRA ISLAIIDICA
MZLOSIRA ITAT>ICA
IIELOSIRA I2'ATICA VAR, SIIBARCTICA
S. FPHAIIODISCUS ASF.'IZA
STFPIIA.'IODISCU!> HAU ESCHII

X
X
X
X
D

7
X
X

X
X
X
D

7
X

X
X
X
X

X
X



TAION

EACILLARIOYllYCEAE (cont ~ )

TABLE lVC-2 (Continued)
DA1'E

17 JUN 28 JVL 26 lVC 23 SEP 19 OCT 16 NOV in,19 DEC

STZPRAEODISCJ'S NIACARlE
S.ZPBAEC "ISCUS ASTREA VAR, !4I!2/IUIA
AS ERIOHF EZA FOR!lOSA
DrltO'!A FEOHCATB!Y
DIA.O".A EZOZ+A U!l V. TENNIS
FBACIZAYIA SP
PRACIEARIA CAPUCIHA
PRACIZ/? Il CBOTOHENSIS
PHAGIZARIA

YAVCNZBIAE'AVICUZA

SP,
NITZSC!?IA Spa
HItZSCHIA ACICUZARIS
HITZSCNIA DISSIPl l
PiITZSCPIA CRACIEIS
HIvtZSCHIl BOZSATICA
NI2'ZSCHIl PAZFA
RBOICOSPHEHIA CVRVlTA
SIPiZDRA SP,
ST7ZDRA ACUS
SINEDRA UZHl
SvHEDoA /CVS YAH~ RlDIAHS
SIHEDBA B JHPENS
TABFZZAPIA FPHESTRATA

I
XII
I I
x rII
X

XI X
xI

I
x

I
I . II I

III
X

IIIr

x . xI
X

x r

r
X I II II

CBIPTOPPICEAE

CHIPTO!!OS/S SP,
CoIPTO:.'OSAS FROSl
CPIP.OHOPAS OYATl
CRYPTO'!UPAS EBOSA VAR, REPEEXA
C I T0"0'l/v CAUDATA
CBIPTO:!CHAS !YABSSOHII
CHIP."n.":n.'//S REPZEXA
C:?IPTOY97AS Pl/TIVBIS
C? IPT0'!0NAE PlB APIBENOIDIPERA

I I XI

D
r

X
r x x x
x
x . r z xII II x r x

CHIP.O".CHAS-PIREYOIDIFERA
CHIP OYOSAS CUBVATA
CRIP OYC AS POSTYATvFOBHIS
KA.ABZvPRA?IS OVAEIS
PBODOYOPAS !YIYUtA
RVODOPOvAS NIHUTA VARi HAÃÃOPIARTZCil
CBIPTAVZAX SP.
HOA!0!!ASTIX SPi

I X.
XI I
D X

II
X

I
X

I
x
D

Ir. x
D. II

DIiYOPRICZlE

CIZ!IODIHIUHSPi
G"RHODIHIVHHEEYETICVH
CI!INODI!!IUHVARIANS
CFRATIU!! BIRVHDINEZZA
GZEUODINIJ'Y SP.
CSEPiODIHI JH PVZVISCUZUS
P".ZIDIHIUYSPo
PEBIDINIUY ACICUZIPERUH
PEYIDINIVY CINCTVll

I r '

.II I ~ x

I X I
X

I X

XI

I ~ II Ir r
X X

x x

Z PRESENT lT ONE OB BORE EEVRZS, ??EAR OY R-1 h??D R-2 aIdantitiad as Chvoononas acuta in 192S

D lBUNDANCE OP 1S PCT OB l!ORE A ONE OB 1!ORE ZEVEZS PER DATE



TAB -3

PERCENT OMPOSITION% OF THE AJO PHYTOPLANKTO TAXA

NINE MILE POINT VICINITY- 1976

TAXON 0 APR 2 MAY
14,

JU 8 UL 6 UG 2 SEP 1 OCT 16 NOV DEC

BACILLARIOPHYCEAE
CHLOROPHYCEAE
CHRYSOPHYCEAE
CRYPTOPHYCEAE

DINOPHYCEAE
EUGLENOPHYCEAE
MYXOPHYCEAE

33.99
18.16
14.20
9.65
0.56
3.20

20.28

31.52
19-35
3. 15

11.11
0.36
0.07
4.4

7.73
8. 16

12.87
2.8g
0. 03

<0.01
68. 2

20. 31
19. 92
1.70

18. 12
0. 11

<0.01
.84

0.99
16.02
6.71

10. 76
0.23
0

2.87
24.gV
7.14

15.48
0.15

<0.01
4 .40

2-77
19. 49
8.39

21-37
0.23
0

48.

11.67
10.80
7. 10

'19. 07
0.30
0
1.1

37-68
9.06

10. 27
4.9V
0.34

<0.01

TOTAL PHYTOPLANKTON 5281. 8 9041. 3 16208. 1 13133. 4 18087. 6 10840.6. 3963. 8 1847. 6 2803. 6
cel s ml

+Percent composition based on mean abundance by date for surface whole water collections;
summarized from LMS 1977, Appendices VA-2a through VA-2h.



The maximum daily mean abundances of total phytoplankton in
the Nine Mile Point vicinity during 1976 were recorded
during June, July, and August (Figure IVC-2); total abun-

dance generally followed the seasonal temperature cycle.
The June and August peaks were attributable primarily to the
increased numbers of blue-green algae (LMS 1977, Appendix

VA-2g) and, to a lesser extent, to an increase in chryso-
phytes (LMS 1977, Appendix VA-2c); the July value reflected
primarily an increase in diatoms, green algae, and crypto-
phytes (LMS 1 977 i Appendices VA 2a p VA 2b g and VA 2d ) In
summary, the diatoms and blue-green algae were the numeric-

E

ally dominant taxa of the phytoplankton community in early
spring (April and May) and winter (December). The green
algae population showed a ma)or peak in September following
a minor peak in July (LMS 1977, Appendix VA-2b).

In general, the total phytoplankton community in surface
waters in the Nine Mile Point vicinity decreased in abund-

ance with distance from shore; this trend was particularly
noticeable in the Bacillariophyceae (diatoms) and Myxophy-

ceae (blue-green algae) (LMS 1977, Appendices VA-2a and

VA-2g). The reverse trend, i.e., an increase in abundance

further from shore, was observed for the less abundant taxa,
Chrysophyceae and 'Cryptophyceae (LMS 1977, Appendices VA-2c

and VA»2d). Abundance values wer e lowest in the 25$ light
transmittance samples for diatoms, while green algae were

more abundant at depth below 0.5 meter (25$ or 1% light
samples) in eight of the nine collections (Figure IVC-3).
The abundance values for phytoplankton among the three
sample depths were variable over time for the remaining taxa
(LMS 1977, Appendices VA-2c through VA-2g).

IV-23



PHYTOPLANKTON SEASONAL CYCLE

NINE MILE POINT VICINITY —l976
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ABUNDANCE OF SELECTED PHYTOPLANKTON TAXA AT SELECTED LIGHT LEVELS"
NMPE-40 FT STATION- NINE MILE POINT VICINITY—l976

6 BACILLARIOPHYCEAE
LIGHT TRANSMITTANCE LEVELS
d 50%
4 25%
p I%

CHLOROPHYCEAE MYXOPHYCEAE

i05

I04
E

(0

LLJ
O

I05

I02

ioI
A M J J A S 0 N D A M J J A S 0 N D

MONTH
A M J J A S 0 N D

I.E l1ATER COI.LECTIONS, HEAN OF R-1 and R-2 I DAY LECTION~

~ ~



(ii) 40-ft Depth Contour - Nine Mile Point vicinity

Since the main effect of the operation of the FitzPatrick
intake on the phytoplankton community would be on those

organisms passing through the plant and returning to the
lake via the discharge, any impact of the operation would be

observed as a composite intake-discharge effect in the
vicinity of the discharge. Review of plume studies done

during 1976 (Stone and Webster 1976a, 1976b, 1976c) indi-
cates that the 40-ft contour on the FITZ transect shows the
most consistent presence of the plume, as indicated by both
temperature and dye. Temperature data collected during the
1976 field proram also showed this station to be the most

consistently affected by the plume (LMS 1977,p. IV-3). For
this reason, the spatial and temporal trends for the three
major taxa (Myxophyceae, Bacillariophyceae and Chlorophy-
ceae) were examined along the 40-ft depth contour. The

grand mean abundance values, based on monthly sampling from
April through December, was greatest at NMPW transect for
all three taxa (LMS 1977, Appendices VA-2g, VA-2a, and
VA-2b, respectively); however this transect exhibited the
greatest daily abundance in only six of the nine collections
for diatoms and in only four of the nine collections for
either green or blue-green algae. The concentration of
blue-green algae, green algae, and diatoms along the 40-ft
depth contour showed no consistent spatial distribution over.
the year (Figure IVC-4). Observations at the FITZ transect
were generally within the range of values observed at the
remaining transects along the 40-ft contour. This indicates
that the operation of the FitzPatrick station had no dis-
cernible effect on the distribution or abundance of phyto-
plankton and natural variation is.far greater than any
possible plant induced effects.
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MYXOPHYCEAE)06 BACILLARIOPHYCEAE

o NMPW
o NMPP
o FITZ
o NMPE

105

.ABUNDANCE OF SELECTED TAXA OF PHYTOPLANKTON

IN SURFACE I/HOLE 0/ATER COLLECTIONS"
40- FT DEPTH CONTOUR

NINE MILE POINT V IC I NITY — l 976
CHLOROP HYCEAE

i04

E

lrl
O I03

I02

A M J J A S 0 N D

an of R-l and R-2; day collection

A M J J A S 0 N D

MONTH

A M J J A S 0 N D



(i) Lake Ontario and Nine Mile Point vicinity

Chlorophyll ~ concentration as a measure of phytoplankton
standing stock has been reported by Chau et al. ( 1970),

Munawar and Nauwerck ( 1971), Glooshenko et al. ( 1972), and

Thomas ( 1974) for Lake Ontario waters. Three pulses annu-

ally have been reported for chlorophyll ~: two pulses
between February and June, constituting the spring

bloom,'nd

the third pulse between August and October, constituting
the fall bloom.

In the Nine Mile Point vicinity, chlorophyll ~ concentra-
tions, based on the daily mean concentration during 1976

sampling, showed a spring peak from May through July and a

fall peak in September (Figure IVC-2). This parallels the
peaks in total phytoplankton biovolume and also primary
productivity (C-14 uptake)(Figure IVC-2) as described below.
The ma)or peak in chlorophyll ~ concentration occurring in
July was coincident with an increase in the numbers of
diatoms, green algae, and cryptophytes (LMS 1977, Appendices
VA-2a, VA-2b, and VA-2d), the latter representing the
greatest percent composition of the phytoplankton population
by biovolume (approximately 59$ ) (LMS 1977, Appendices VA-3d

and VA-3h). The fall chlorophyll ~ peak was coincident
primarily with an increase in the numbers of green algae and

cryptophytes and to a lesser degree with the numbers .of
diatoms (LMS 1977, Appendices VA-2b, VA-2d, and VA-2a,

respectively); however, the greatest increase in percent
composition by biovolume in the fall was recorded for
diatoms and cryptophytes (LMS 1977, Appendices VA-3a, VA-3d,

and VA-3h).
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The decrease noted in the " concentrations of total phyto-

plankton abundance in the offshore direction (LMS 1977,

Appendix VA-2h) was evident in the chlorophyll ~ data only

in April (LMS 1977, Appendix VA-6). The lack of a con-

sistent offshore trend and the patchiness in nearshore areas

(i.e., within the 60-ft depth contour) of chlorophyll Z have

previously been documented in the literature (Glooshenko et
al. 1972; LMS 1975).

(ii) 40-ft Contour - Nine Mile Point vicinity

The grand means for chlorophyll Z based on monthly sampling

from April through December were equal at NMPW, NMPP, and

NMPE transects during 1976 (LMS 1977, Appendix VA-6). A

lower grand mean value for the FITZ transect was mainly a

reflection of the 28 July collection, which yielded a

chlorophyll ~ value approximately one-half that recorded at
the other three transects (Figure IVC-5). This reduction is
attributed to circulation patterns established in the area

of the discharge by discharge flow and not to plant or plume

thermal effects since the plant was not generating at the

time of sampling and had been offline (no heat',) for the

previous 24 hours. It appears that the low value was due to
the mixing of low concentrated bottom water with the dis-
charge flow which was also drawn from bottom water at the

intake.

The photic zone appeared well mixed on all sampling dates

except 28 July, when a significant difference in chloro-

phyll ~ concentrations was seen between the surface and 1$

light transmittance level samples (Figure IVC-5), the latter
collected 12 m below the surface (LMS 1977, Appendix VA-1).
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Fl GU R E IVC-5

CHLOROPHYLL A CONCENTRATIONS
AT SELECTED PHYTOPLANKTON

STATIONS'INE

hhlLE POINT VICINITY-l976

IG
40 FT CONTOUR —SURFACE SAMPLES

l2

o NMPW
o NMPP
4 FITZ
0 NMPE

0

I6 N PE FT STATION SELECTED LIGHT LEVELS

l2

LIGHT TRANSMITTANCE LEVELS
o 50/c

25'/o,
o I /o

APR . MAY JUN JUL AUG SEP OCT NOV DEC
MONTH

"Day Collections; mean of tvo replicates



The stratification of chlorophyll a at the control station
(NMPE-40 ft) suggests that the reduction in chlorophyll a in
the surface sample at the FITZ-40-ft station was a function
of the circulation pattern of the FitzPatrick plant; that
is, bottom waters are drawn into the plant and mixed with
subsurface waters as the discharge rises to the surface.
Thus the near-surface waters within the discharge area would
be expected to have chlorophyll ~ concentrations interme-
diate between observed surface and bottom concentrations.
The surface concentrations observed on 28 July support this
hypothesis. Such an occurrence would only be expected
during periods of lake stratification.

The fact that such an occurrence of reduced chlorophyll a

values can be identified from the data would indicate that
reductions in chlorophyll ~ due to normal plant operation
would be similarly identifiable. Figure IVC-5 shows,
however, that for the remainder of the sampling dates,
surface chlorophyll ~ values at the FITZ-40-ft station were

within the range of values observed at the other three
transects. This lack of a discernible difference at the
FITZ-40-ft station indicates that the operation of JAF has

not had any measurable effect on chlorophyll ~ concentra-
tions in the vicinity of the plant.

c. P P c -14

(i) Lake Ontario and Nine Mile Point vicinity

One lake-wide study of primary production in Lake Ontario
has been published (Glooshenko et al. 1972) and its results,
using the C-14 uptake method, indicate that primary produc-
tion was greatest during late April (10-25 mg C/m /hr). A3
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decrease occurred in May followed by an increase and a

plateau from June through mid-October ( 10 mg C/m /hr) and

then a decrease to winter levels ((5 mg C/m /hr ).

In the Nine Mile Point vicinity, C-14 uptake was monitored
at all phytoplankton stations monthly from April through
December 1976. Primary productivity reached greatest values
during April, followed by a gradual decline through November

and a subsequent minor peak in December (Figure IVC-2). The

occurrence of peak production in April was consistent with
the numerical and biovolume dominance of diatoms (LMS 1977,
Appendices VA-2a and VA-3a) and with the fact that produc-
tion rates in nearshore waters ( 10 and 20-ft depth contours)
were greater than those in offshore waters (40 and 60-ft
contours) (LMS 1977, Appendix VA-8). The secondary increase
in production in December also paralleled the increase in
numbers and biovolume of diatoms (LMS 1977, Appendices VA-2a

and VA-3a), although the production at the offshore stations
was greater than at nearshore stations. This offshore-
onshore seasonal shift in production rates follows that
reported in lake-wide studies in Lake Ontario (Glooshenko et
al. 1972).

The seasonal trend in primary production parallels that of
the phytoplankton standing stock as measured by chloro-
phyll ~ concentrations and total phytoplankton biovolume
(Figure IVC-2),, except for the decrease in production
coincident with an increase in chlorophyll ~ and biovolume
between April and May.
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(ii) 40-ft Contour - Nine Mile Point vicinity

The grand mean production rate based on monthly sampling

from April through December, was greatest at NMPW transect,
paralleling the values recorded for total phytoplankton
abundance and biovolume (LMS 1977, Appendices VA-S, VA-2h,

and VA-3h, respectively). The spatial-temporal distribution
of primary productivity at the 40-ft contour is presented in
Figure IVC-6. Productivity was the lowest at NMPE transect
in six of the nine collections and at FITZ transect in two

of the nine collections. The low value at FITZ transect on

28 July parallels those of chlorophyll y and total phyto-
plankton by biovolume and abundance, discussed above. As

with chlorophyll g this is attributed to the circulation
patterns and natural stratification in the vicinity of the
FitzPatrick discharge and not the plant load. The data

suggest that productivity might have been slightly enhanced

during the latter part of the year (August-December) since
the FITZ values are the highest in three of the five
observations and second highest on the remaining two dates.

2. P e St s

a. Su D c

Phytoplankton entrainment viability studies were conducted at
JAF from 14 April 1976 to 21 March 1977. Samples for both
chlorophyll y and C-14 analyses were collected on two dates per

/

month, both day and night, from the intake and discharge bays of
the plant circulating water system and once per month (weather

permitting) from the lake discharge plume. The obgectives of
the program were to evaluate the effects on phytoplankton of
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F IGURE IVC-6
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trainmentpassage through the circulating water system and of en

with ambient dilution water into the submerged jet discharge in
the lake. Viability studies were always conducted under condi-

tions of high plant load. The minimum intake-discharge tempera-

ture rise measured during the viability studies was 12.0 C, with

the ma)ority of the collections done at AT's between 13 and

16 C (LMS 1977, Table VIII-5).

The effects of passage through the plant cooling system were

evaluated from the intake and discharge bay samples. In order

to evaluate the effects of complete plant passage all samples

collected from the plant discharge bay were held at .the dis-

charge temperature for an additional time period equivalent to

the estimated travel time from the collection point to the

diffuser ports. After the holding time, phytoplankton discharge

samples were put in an ice bath until the sample temperature

dropped to within 2-3 F of the intake temperature. This proce-

dure was used to simulate the normally occurring temperature

reduction subsequent to discharge to the lake. The time re-

quired to reduce the temperature to within 2-3 F of the intake

temperature using this method was greater than the actual time

required for the same temperature reduction to occur by dilution
in the discharge plume. Therefore, the phytoplankton discharge

samples were subject to temperature exposures of longer duration

than they would normally experience in the rapid mixing of the

near-field lake plume.

The effects of entrainment into the discharge jet were evaluated

by sub)ecting in-plant samples to various time-temperature

exposures (simulations) and by collecting samples from the

discharge plume in the lake. In order to evaluate the effect of

jet entrainment, intake sample water was added to discharge
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sample water to simulate the mixing of ambient lake water and

discharge water. From April through June, the addition was

completed instantaneously with the ratio of intake to discharge
water volume being determined by the required dilution to reduce

the measured plant temperature rise to either 2 or 3 F. For the
period July through March, the dilution scheme was changed to a

time series of dilutions, designed to simulate the time-tempera-
ture regime of organisms entrained into the plume. The times of
travel to the temperature rises above 2 F were doubled to insure
maximum exposure of the organisms. Due to the length of the
estimated time interval to the 2 F isotherm, a period of five
minutes was allowed between the 3 and 2 F simulated temperature
rises. Thus, the phytoplankton simulation samples represent a

mixture of plant-passed and lake dilution water organisms in
proportions similar to those that would be found at the 2 or 3 F .

isotherms in the lake. The organism in the samples have been

subjected to time-temperature exposures in excess of those
experienced in the actual plume.

The phytoplankton viability program also included the monthly
(weather permitting) collection of samples from approximately
the 3 and 2 F temperature rise isotherm in the lake plume. Mhen

lake samples were obtained, no in-plant 3 or 2 F simulations
were conducted. The locations, frequencies, and methodologies
for the phytoplankton viability program are summarized in Table
IVC-4. A complete description of the program is contained in
the 1976 annual report (LMS 1977).

All phytoplankton viability collections were analyzed for
chlorophyll a, phaeopigment, and C-14 (primary productivity).
Chlorophyll a and phaeopigment were given immediate analysis
during the entire sampling period (April 1976 - March 1977),
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TABLE IVC-4

FRYTOPLANKTON VIABILITYSAMPLINC PROCRAH

JAMES he PITZPATRICK NUCLEAR POVER PLANT AND VICINITY- 1976

PREOUENCYb
"

LOCATION OP SAMPLINC PROCEDURE OUTLINEd

SIMULATIONf
3op

SIMttLATIONf
2oP

3 P PLUME
ISOTBERH

(LAXE)b

2 P PLPaS
ISOTHERM

(LANE)b

2/HON(hpr-Dec)

2/HLI (hpr-Dec)

I/MDN(hpt Dec)
2/IRRI(hpr Dec)

Sane as 3 P
simulation

1/MOH(hpz Dec)

1/MON(Apr-Dec)

Day and night

Day and night

Day
Night

Sana as 3 P
simulation

Day

DISCEARCE APTBAY('ay June Collections)

DISCEARCE APTBAT
(Jul December Collac»
tious)

Sane as 3 P
simulation

VISIBLE BOIL
(0.5 n belov surface)

1200 1500 ft PROM BOIL
AIANC TRAJECTORY OP
PLUME

Pump; bold for travel tine to
diffuser; put in ice bath until
within 3oP of intake vster
temperature

Pump; hold for travel tine to
diffuser; instantaneous dilution of
discharge vater with unfiltered intake
vater folloving dilution ratios
appropriate for recorded AT

Pump; hold for travel tine to
diffuser; dilute discharge sample
with unfiltered intake water,
tine series dilution scheme

Sane as 3 P simulation

Pump

2/MON ~ Twice monthly
1/MON ~ Once monthly

Chlorophyll R, and C determination
bprequency of lake collections contingent on weather conditions

Day 1000 hrs; Night » 2200 hrs
Incubation periods variables
0 14 determination: day samples: 4,7,24,48, snd 72 hr incubation periods

night sacples: 7,24,48, and 72 hr incubation periods
Chlorophyll ~ determination: irnadiate analysis: April-December collections

7,24,48, and 72 hr incubation periodst 22 September
December collections

a+take forebay sample taken on lake side of entrainment rack, prior to tempering
Simulated studies for phytoplantkon are conducted vhenever lake sampling is cancelled
due to inclement vsather I



with additional chlorophyll a analysis performed on all samples

after 7, 24, 48, and 72-hour incubation periods from 22 Sep-

tember through 21 March. C-14 primary productivity determina-
tions were made after 4, 7, 24, 48, and 72 hours of incubation
for all day samples and after 7, 24, 48, and 72 hours for all
night samples. For the purposes of this report, the immediate

chlorophyll a analysis and the 4 and 7-hour C-14 analyses will
be used to evaluate the effect of entrainment on phytoplankton.
All the 1976 phytoplankton viability data are presented in the
1976 Nine Mile Point aquatic ecology report (LMS 1977, Appendix

VIIIA).

b. R su s t E V i S u s

(i) Chlorophyll a

Mean immediate chlorophyll y values reached maximum levels
of 19.4 and 17.8 pg/1 at intake and discharge, respective-
ly, for the day sample on the first survey date (14 April).
Pigment levels generally declined to between 5.0 and

6.0 p'g/1 in late May. Mith the exception of the 20 July
night values, chlorophyll y levels remained below 9.0 pg/1
from June 1976 through March 1977. Generally low values
((5.0 pg/1) were recorded during the winter months, except
on one occasion when intake and discharge values approached

9 pg/1 on 1 December 1976 (LMS 1977, Appendix VIIIA-2a).
There were relatively small 'and inconsistent variations
between corresponding day and night samples throughout the

sampling period.

In order to evaluate the effects of the various entrainment
processes (plant passage and plume entrainment), the ratio
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of the chlorophyll ~ levels observed in the temperature-

affected samples to the levels observed in the corresponding

intake samples is plotted for the 1976-1977 survey period

(Figures IVC-7 through IVC-9).

The daytime discharge/intake chlorophyll ~ ratios (Figure

IVC-7) were less than one (i.e., discharge value less than

intake value) on ten of eleven dates from 26 May through

20 October, indicating partial degradation of photosynthetic

pigment after plant passage during this period of relatively
warm ambient lake temperature. The average ratio over the

July-September period was 0.87 while average three month

ratios for the other periods were all greater than 1.0, with

an annual mean of 0.98 (Table IVC-5). These results indi-
cate a minimal effect on chlorophyll ~ due to plant passage

except for the warm summer months when low level degradation

may occur.

The results of the ratio analysis of the day 2 and 3 F

simulation samples (Figure IVC-7) showed only small devia-

tions from 1.0, and showed no apparent temporal trend. The

analysis of night 2 and 3 F simulation results (Figure
IVC-8) showed slightly increased variation around the 1.0

value with the larger deviations generally greater than 1.0.

The absence of any consistent trend in deviations of the

ratio values from unity for .the simulation samples indicates

that chlorophyll ~ levels were substantially unaffected by

exposure to time-temperature regimes in excess of those

experienced by plume-entrained organisms.

The results of the ratio analysis of chlorophyll Z in lake

plume samples are shown in Figure IVC-9. The 3 F lake
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TABLE IVC«5

SEASONAL CHLOROPHYLL A AND PRIMARY PRODUCTIVITY RATIOS

JAMES A. FITZPATRICK NUCLEAR POHER PLANT — 1976-1977

SAMPLING
PERIOD

CHLOROPHYLL A RATIOS
DISCHARGE/INTAKE

DAY-NIGHT

PRIMARY PRODUCTIVITY RATIOS
DISCHARGE INTAKE

SEVEN-HOUR NIGHTFOUR-HOUR DAY SEVEN-HOUR DAY

APR-JUN

JUL-SEP

OCT«DEC

JAN-MAR

1.00

0.87

1.01

1.03

1. 12

0. 72

1. 12

1. 59

1. 10

0.70

0.85

1.43

0.96

1. 04

1.22

ANNUAL MEAN 0. 98 1. 13 1.02 1.07



CHLOROPHYLL A RATIOS ." jGURZ EVC-7
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FIGURE XVC-8
CHLOROPHYLL A RATIOS
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FIGURE ZVC-9

CHLOROPHYLL A RATIOS:*
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samples showed lower chlorophyll a levels than the intake

collection on three of the four collection dates while the

2 F samples had two values slightly less than 1.0. Mhile

the low number of data points precludes any analysis of

temporal trends, the data do indicate a possible degradation

of chlorophyll a at the 3 F isotherm but no effect farther
out in the plume at the 2 F isotherm.

(ii) Primary Productivity

For the 26 May through 6 October period, mean four-hour

primary productivity values (day only) generally ranged

between 10 and 29 mg C/m /hr at both the intake and dis-
charge, except on 29 July when productivity was depressed

to between 6 and 9 mg C/m /hr at both locations (LMS 1977,

Appendix VIIIA-4a). From 6 October through 7 March, produc-

tion. remained below l0 mg C/m /hr, except on l December

when marked increases to 28.34 and 33.64 mg C/m /hr were

recorded at the intake and discharge, respectively. These

increases correspond to the simultaneous increases in
chlorophyll y levels noted above, and as well as to the

incr eased productivity observed in lake samples (see Figure

IVC-6). Four-hour productivity values from October 1976

through February 1977 showed a generally deer'easing trend to
values of less than 3 mg C/m /hr. The 21 March 1977

discharge sample showed an increase to 18.48 mg C/m /hr.3

Greatest mean four-hour incubation values (day only) for
intake and discharge samples for the entire sampling period
were recorded on 25 August (28.50 mg C/m /hr for the
intake and 12 May (44.21 mg C/m /hr for the discharge (LMS

1977, Appendix VIIIA-4a). The observed values and trends of
the intake and discharge productivity data generally agreed

with the values observed in the lake (see Figure IVC-6).
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Mean seven-hour productivity values (LMS 1977, Appendix

VIIIA-4b) and patterns (day and night) resembled those of
four-hour incubation experiments. April through August

night intake collections generally yielded productivity
values lower than corresponding day samples, while for the

remainder of the period no consistent difference was ob-

served. Relatively low productivity was observed at
both the intake and discharge on 29 July similar to the

four-hour productivity.

0

As for the chlorophyll ~ data, a ratio was calculated for
all temperature-affected sample results vs. the correspond-

ing intake results to determine whether plant passage or jet
entrainment had a stimulatory or inhibitory effect on

primary productivity.

The four-hour incubation productivity ratios for day samples

are shown in Figure IVC-10. Figure IVC-10 and the seasonal

average ratios in Table IVC-5 both indicate an inhibitory
effect during the warmer summer months and a possible
stimulatory effect during the other cooler periods of the

year, especially for the January-March period.

The seven-hour incubation productivity ratios between

discharge and intake values (Figure IVC-11 and Table IVC-5)

show a similar pattern to the four-hour results with summer

inhibition and winter stimulations. Day results show

inhibition occurring in the fall as well as the summer.

The night seven-hour discharge/intake ratios (Figure
IVC»11 and Table IVC-5) show generally less inhibition than

was observed in day collections. In general, the data

indicate that during periods of warmer lake temperature,
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FIGURE lVC-10
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SEVEN-HOUR INCUBATION PRIMARY PRODUCTION RATIOS:
DISCHARGE/INTAKE

JAMES A. FITZ PATRICK NUCLEAR POWER PLANT l976-l977
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plant passage may have an inhibitory effect on phytoplankton

productivity but that during the colder months, stimulation
may occur with the annual averages indicating general
stimulation.

The four -hour incubation results from the plume entrainment

simulation samples (Figure IVC-10) show a generally con«

sistent stimulatory effect for both the 2 and 3 F simula-

tions. The seven-hour simulation results for day samples

(Figures IVC-12 and IVC-13) also show a predominantly
stimulatory effect with only one value substantially less

than 1.0. The seven-hour night sample results (Figures
IVC-12 and IVC-13) were more variable than the day results,
showing values above and below 1.0 with no apparent seasonal

trend.

The general stimulatory effect at the 2 and 3 F isotherms

was also observed in both the four and seven-hour lake
samples (see Figure IVC-14) where all but one sample showed

a stimulatory effect.

The results of the 1976 phytoplankton studies in the vicinity of the

JAF plant show no discernible effects of plant operation on phyto-
plankton distribution and abundance. A comparison of chlorophyll a

values observed at four transects along the 40-ft contour shows the

FITZ transect values to be within the ranges observed at the remain-

ing transects, while there is an indication that primary productiv-
ity may be slightly higher at the FITZ transect during the latter
portion of the year (August through December).

The range of values and seasonal trends for both chlorophyll
and primary productivity was, similar between intake and lake

IV-36



SEVEN-HOUR INCUBATION PRIMARY PRODUCTION RATIOS: 34SIMULATION/INTAKE
JAMES A. FITZPATRICK NUCI EAR POWER PLANT I976-1977
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EN-HOUR INCUBATION PRIMARY PRO TION RATIOS: 24SIMULATION/INTA

JAMES A. FITZPATRlCK NUCLEAR POWER PLANT l 976- l977
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collections throughout the year. Both the chlorophyll ~ and the

primary productivity entrainment data indicate that passage of
phytoplankton through the circulating water system of the JAF plant
causes inhibition of photosynthetic activity during the warmer

II

months (June through September/October) and stimulates productivity
during the remaining colder months. The data on plume-entrained

organisms indicate a general stimulation of phytoplankton activity
throughout the year.

The lack of any observable differences in major phytoplankton taxa
or photosynthetic activity between plant and control transects,
coupled with the two balancing effects of plant passage inhibition
vs. plant entrainment stimulation, supports the conclusion that the
operation of the JAF intake does not have any substantial impact on

the phytoplankton community in the vicinity of the plant.

The results of the viability studies indicate that productivity is
slightly enhanced'n the .plume, and the lake monitoring results
support the conclusion for the period August through December. Both

the entrainment and lake studies indicate that no substantial plant
induced changes in the phytoplankton community can be discerned
within the natural variation in the area, and that such changes

would have been detected had they occurred.

D. ZOOPLANKTON

1. C D s t

a. L ke Ontario a N M P V

For the purpose of this report, the zooplankton community is
defined as being composed of those organisms collected and
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retained in a 76'esh net. Zooplankton are planktonic organ-

isms which feed primarily upon algae and detritus and are in
turn grazed upon by other invertebrates and fish.

Zooplankton studies in Lake Ontario have focused primarily on

the Crustacea (e.g., copepods and cladocerans); other zoo-

plankton groups (e.g., rotifers and protozoans) have received

relatively little attention (Anderson and Clayton 1959; Patalas

1969; Nauwerck et al. 1972; Wilson and Roff 1973; Watson 1974;

Watson and Carpenter 1974).

During 1976, zooplankton concentrations were monitored monthly

in the Nine Mile Point vicinity from May through December at 16

stations ranging between the 10 and 60-ft depth contours

(Figure IVC-1). Six of the eight collections were made during

near-maximum plant load operating conditions at JAF, while the

l8 June and 28 July collections were conducted under relatively
low plant loads (LMS 1977, Table III-6). Zooplankton were

collected with a Clarke-Bumpus sampler fitted with a 76 u mesh

net. The sampler was towed obliquely from just above the bottom

to the surface at each station. Organisms were identified and

counted with the aid of a Sedgwick-Rafter cell.

The total zooplankton population in the Nine Mile Point vicinity
exhibited a gradual increase in abundance to the July peak

(1,422,918 organisms/m ); a subsequent decrease was observed3 .

through October, followed by a minor peak in November (417,822

organisms/m ) with an eventual low in December (16,817 organ-

isms/m ) (LMS 1977, Appendix VB-1h). Rotifers constituted the

majority of the zooplankton community in the terms of both

number of taxa identified (Table IVD-1) and the percent composi-

tion by abundance (Figure IVD-1). The rotifers dominated the

community from May through September, with an intermittent
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TABLE IVD-1

OCCURRENCE OF ZOOPLANKTON BY DATE

NINE MILE POINT VICINITY- 1976

DATE

28 MAY 17,18 JUN 28 JUL 26,27 AUG 23,26 SEP 19 OCT 16 NOV 19 DEC

PROTOZOA
SARCODINA

DIFFLUGZA SP.
SUCTORZA

ACZNETA SP.
TOKOPHRYA SP.
-T1IECACZNETA SP.
PARACINETA SP ~

~ STAUROPHRYA ELEGANS
CILZATA

CODONELLA CRATERA
VORTICELLIDAE
EPISTYLIDAE

ROTIFERA (ASCHELMINTHES)
BDELLOIDEA (class)
MONOGONONTA (class)

BRACHIONIDAE
BRACHIONUS ANGULARIS
BRACHIONUS CALYCIFLORUS
BRACHIONUS URCEOLARIS
BRACHIONUS BUDAPESTZNENSIS
EUCHLANZS DILATATA
KELLICOITZALONGISPINA
KERATELLA CRASSA
KERATELLA COCHLEARIS
KERATELLA EARLINAE
KERATELLA HIEMALIS
KERATELLA QUADRATA

OTHOLCA ACUMZNATA
OTHOLCA SQUAMULA

NOTHOLCA LAURENTZA
NOTHOLCA FOLZACEA

LECANIDAE
MONOSTYLA SP.

NOTOMMATIDAE
CEPHALODELLA SP.

TRICHOCERC IDAE
TRICHOCERCA SP.,
TRICHOCERCA CYLINDRICA
TRICHOCERCA LONGZSETA
TRICHOCERCA MULTICRINIS
TRICHOCERCA PORCELLUS
TRICHOCERCA SIMZLIS

GASTROPIDAE
ASCOMORPHA SP.
ASCOMORPHA ECAUDIS

ASPLANCHNIDAE
ASPLANCHNA PRIODONTA

SYNCHAETIDAE
PLOESOMA LENTICULARE
PLOESOMA HUDSONZ
PLOESOMA TRUNCATUM
POLYARTHRA EURYPTERA
POLYARTHRA VULGARIS
POLYARTHRA DOLZCHOPTERA
POLYARTHRA MAJOR
POLYARTHRA REMATA
SYNCHAETA LACKOWZTZIANA
SYNCHAETA PECTINATA
SYNCHAETA STYLATA

X
X
X

D
X
X

X
X
D
X
X
X
X
X
X
X

X

X
X
X
X
D
X
X

X
X

X
X
X

X
X

D

X
D

X
X
X
X

X
X

X
X

X
X
X
X
X
X
D

X

X X

X
X
X

X
X
X

X
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X
X

X
X

X X

X
X
D
X
X
X
X
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X
X
X
X
X
X
X
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X
X

X
X '~ .XX,'- D
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X
X
X
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X
X
X
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X
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D
X
X
X
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X
X
D
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X
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TABLE lVD-1 (Continued)
OCCURRENCE OF ZOOPLANKTON BY DATE- (Cautiaued)

NINE MILE POINT VICINITY- 1976

DATE

28 MAY 17,I.8 JUN 28 JUI, 26,27 AUG 23,26 SEP 19 OCT 16 NOV DEC

HEXARTHRIDAE
HEXARTIIRA SP.

TESTUDINELLIDAE
FILINZALONGISETA
TESTUDINELLA SP.

CONOCHILIDAE
CONOCHILOIDES SP.
CONOCHZLUS UNICORNIS

COLLOTHECACEAE
COLMTHECA MUTABILZS

CLADOCERA (ARTHROPODA)
HOLOPEDIDAE

HOLOPEDIUM GZBBERUM
DAPHNIDAE

CERZODAPHNIA LACUSTRZS
DAPHNZA RETROCURVA
DAPHNIA PULEX

BOSMINIDAE
BOSMZNA COREGONZ

BOSMINA LONGIROSTRIS
CHYDORIDAE

ALONA AFFINIS 4

CHYDORUS SPHAERICUS

X.

X
X

X

X.,
X

X ~ ', D

X
D

,'X

X
X

D

X
X

X
D

X
X

X
D

X

X
X
X

X
X
X

X
X

COPEPODA (ARTHROPODA)
COPEPODA NAUPLZI
CALANOIDA JUVENILE
EURYTEMORA AFFZNZS (adult)
DZAPTOMUS SP.(adult)
CYCLOPOIDA JUVENILE X
ACANTHOCYCLOPS VERNALIS(adult)
DIACYCLOPS BIGUSPZDATUS THOMASI(adult)
TROPOCYCLOPS PRASINUS MEXZCANUS(adult)

X
X

X D,

X X
X

D
X

X
X

* X
X X
X X

X PRESENT AT ONE OR MORE STATIONS MEAN OP R-1 AND R-2
D ABUNDANCE OF 15 PCT. OR MORE AT ONE OR MORE STATIONS PER DATE: tfEAN OF R-1 AND R-2



SEASONAL CYCLE OF OR ZOOPLANKTON TAXA
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increase in the cladoceran population in July, followed by

dominance by copepods ip October and November. Throughout the

1976 sampling period, the protozoans represented less than 9$ of

the zooplankton collected. The species composition by date for
the Nine Mile Point vicinity during 1976 is presented in Table

IVD-1.

- Copepoda

Watson and Carpenter ( 1974) reported that the mean concentration

of copepods (adults and juveniles) in the upper 50 m of the

water column in a 1970 lake-wide survey of Lake Ontario (33

stations) ranged from 1,311 organisms/m in January to 27,633

organisms/m in August. The peak concentrations from this
study were reported from August through October.

In the Nine Mile Point vicinity during 1976, the mean concentra-

tion of juvenile copepods (calanoid and cyclopoid) in samples

collected to the 18-m water depth only was approximately 1.7 to
4. 5 times greater (LMS 1977, Appendices VB-1a and VB-1b) than

that reported in the 1970 lake-wide survey, during which ap-

proximately 51$ of the samples were collected at depths greater

than 50 m. Concentrations ranged from 4,653 organisms/m in
December to 247,570 organisms/m in November 1976. The peak

concentration for both calanoid and cyclopoid juvenile copepods

was reported in November; an earlier but minor peak occurred in
July for cyclopoid copepods.

During the 1976 sampling period, the adult copepod population

ranged from 0.3 to 9.6$ (conclusion based on data presented in
LMS 1977, Appendices VB-1a and VB«ld) and the- nauplii ranged

from 12.0 to 60.8$ of the total copepods recorded per day (LMS

1977, Appendices VB-1c and VB-1d). The calanoid juvenile
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population represented only 0.2-3.9$ of the total copepods

enumerated (LMS 1977, Appendices VB-1a and VB-1d). The cyclo-

poid juveniles comprised the majority of the copepods in June

and from September through December (LMS 1977, Appendices VB-1b

and VB-1d); this was coincident with the decrease in percent

composition of the nauplii, which had been the dominant group in

May and August (LMS 1977, Appendices VB-1c and VB-1d).

Nauwerck et al. ( 1972) reported that the densities of cyclopoid

copepods were greater at inshore than at offshore sampling

stations in the lake-wide survey in Lake Ontario, although no

spatial differences in densities were observed for calanoid

copepods. No consistent offshore-onshore spatial distribution
pattern was observed for either group of copepods within the

18-m depth contour in the Nine Mile Point vicinity during the

1976 sampling period (LMS 1977, Appendices VB-1a and VB-1b).

— Cladocera

During a 1970 lake-wide survey in Lake Ontario, mean total
cladoceran densities in the upper 50 m ranged from a low of
15 organisms/m in January to a high of 27, 106 organisms/m

3'eportedin August (Matson and Carpenter 1974). Cladocerans

increased in abundance during the summer months with peak

densities observed in August and October. In the Nine Mile

Point vicinity, the mean concentrations of cladocerans during

1976 ranged from 417 organisms/m in December to 68,495 organ-

isms/m in September, with peak densities recorded in July .and

September (LMS 1977, Appendix VB-1e). The magnitude of differ-
ence in the ranges between these two studies is related to

the difference in water depth sampled.
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Cladocerans showed a trend of greater abundance at inshore

stations (14-24-m depths) than in the upper 50 m at the offshore

stations ()50 m) (Patalas 1969; Nauwerck et al. 1972). This

trend was also observed within the 18-m depth contour in the

Nine Mile Point vicinity from May through September; the clado-

cerans were more abundant at the 10 and 20-ft depth contours

than at the 40 and 60-ft contours (LMS 1977, Appendix VB-1e).

No consistent offshore-onshore trend was observed during the

remainder of the 1976 sampling period.

b. 40-ft C -NMP tv

- Rotifera: Aschelminthes c

The spatial-temporal distribution of rotifers at the 40-ft
contour is presented in Figure IVD-2; no consistent spatial
distribution among transects was observed and the FITZ-40-ft

station values generally fell within the observed range at the

other 40-ft stations.

- Cladocera: Arthropoda

The spatial-temporal distribution of cladocerans at the 40-ft
contour is presented in Figure IVD-2; no consistent spatial
pattern among control and plant transects was observed. The

difference in the cladoceran concentrations among transects in
the May and December samples were within the limits of natural
variability and thus were not attributable to a plant effect.

- Copepoda

The spatial-temporal distribution of calanoid and cyclopoid

juvenile copepods is presented in Figure IVD-3. On all collec-
tion dates, the calanoid juveniles represented less than 5$ of
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the copepod population and as such were not present in suffi-
cient numbers for interpretation of plant effect.

No consistent spatial distribution among control and plant
transects was observed for cyclopoid juveniles. The concentra-

tions of cyclopoid juveniles at the 40-ft depth contour were

representative of the seasonal trend reported for the Nine Mile

Point vicinity.

In summary, there was no apparent effect of FitzPatrick plant
operation on major zooplankton taxa as exemplified by analysis of

copepods, cladocerans, and rotifers along the 40-ft depth contour.

For the groups analyzed, the FITZ-40-ft station values generally

fell within the range of natural variation observed at the other

40-ft stations with the FITZ-40-ft station consistently higher or

lower values. The lack of a consistent spatial distribution among

~

~

transects was in agreement with earlier findings based on 1975 data

(LMS 1976).

2. Et S d

a. De St

Collections for,the zooplankton entrainment viability studies

were made during both day and night on two dates per month

between April 1976 and March 1977. Samples were collected with

a submersible pump from the intake and discharge bays and from

the same two lake plume locations (3 and 2 F isotherms)'s
the phytoplankton plume samples. Viability analysis was also

conducted on plume entrainment simulation samples to evaluate

the effects of zooplankton entrainment into the plume. As in
the phytoplankton program, all samples from the discharge bay

were held at discharge temperature for a time period equivalent
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to, the time of travel between the collection point and the

diffuser ports in the lake. The objectives of the zooplankton

entrainment studies were to evaluate the effects of plant
passage while the lake plume samples and in-plant temperature

simulations were used to evaluate jet entrainment. The general

procedure for the viability samples was to collect a sufficient
sample volume to obtain 20'0 organisms per ml in the concentrated

sample. A summary of the zooplankton entrainment program is
given in Table IVD-2. Zooplankton viability studies were always

conducted during periods of high plant load with a minimum

observed temperature rise of 12.2 C. The majority of the values

were between 13 and 16 C (LMS 1977, Table VIII-5).

Two temperature reduction procedures were used on the zooplank-

ton discharge samples to simulate the reduction in temperature

occurring in the plume after discharge to the lake. The first
procedure (used from April through June) was to place the

discharge sample into the incubation chamber at intake tempera-

ture, thus lowering the sample temperature. All samples were

incubated for eight hours prior to analysis except 14 April
collections which were analyzed immediately and after 24 hours.

For the July 1976 through March 1977 period, a technique that

more, rapidly reduced the temperature was used to better simulate

the actual conditions of the discharge to the lake. The dis-
charge samples were serially diluted with filtered intake water

in a time-series dilution that simulated the predicted dilution
time in the near-field plume. After the temperature reduction,

the samples were incubated at intake temperature for eight
hours.

The effects of jet entrainment on zooplankton during May and

June were evaluated by diluting discharge samples to a tempera-

ture rise of 2 or 3 F with intake water and then incubating them
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ZOOPLANKTON VIABILITYSAPLING PROCRAl

JAMES A. FITZPATRICK NUCLEAR POUER PLlLYT AHO VICINITY—1976

SAMPLE TYPE FREQiJRlCY DAY/NIGHT LOCATION OP SAPLING PROCEDURE OUTLTHE

INTAKE 2/MOH(hpc Dec) Day and night INTAKE 1QREBAYe

(14 April Collection) Pump through net for 5-15 minutes
(~200 cells/counting chamber);
immediate analysis and atter 24 hr
incubation period

INTAKE IQREBAY
(28 April-December Pump through net for 5-15'inutes
Collections) (~200 cells/counting chamber);

analysis atcer 8 hr incubation period

ej

DISCHARGE

SIMULATIOH
3 F

S MlLATIOH
20F

3oP FLITE
ISOTHERM

(LAKEj'/MON(Apr-Dec)

1/MON(hpx Dec)
2/MON(hpr-Dec)

Same as 3oF
simulation

1/MON(hpz Dec)

Day and night

Day
NLght

Sama as 3 F
simulation

Day

DISCHARCE AFIBAY
(14 April Collection)

DISCHARGE AFT&AY
(28 ApcLIMune
Collections)

DISCHARCE AFTBAY
( July-December
Collections)

DISCHARGE AFTBAY
(May 6 June Collec-
tions)

INTAKE FOREBAY
(July December Collec-
tLons)

Same as 3 F
simulation

VISIBLE BOIl.
(O.S m below surface)

Pump through net for 5-15 minutes;
hold for travel time to diffuser;
immediate analysis and afcer 24 hr
incubation period

Pump through net for 5-15 mLnutesl
hold for cravel ciie to dLftusar;
analysis after & hr incubation perLod

Pump through net for 5-15 minuces;
hold for travel time to diffusec",
bring sample to 0.5 liters with
filtered discharge water; dilute with
tiltcred intake vater to 2 P, time
series dilution scheme; refilter
through. net; analysis afcer 8 hr
incubacion. period

Pump through nct for 5-15 minutes;
hold for travel time co diffusar;
instantaneous dLlution vith unfiltered
(Msy-9Juna collections) /filtered
(23,28 June colleccions) intake vater
following dilution ratios (PLgure 1)
appropriate for recorded OT; refilccr
and analyze after 8 hr incubation
period'ump

through net for I.S times the
collection time ot the intake sample;
add 12 liters of filtered intake water
ca intake sample; ndd rcsulcsnc sample
to 1 licer ot tiltercd discharge vatar,
time series dilution scheme; refilter
and analyze after 8 hr incubation period

Same as 3oF simulation

Pump; analyze afcer 8 hz incubation
period

2 F PLUME
ISOTHFJUN

1/MOH(Apr Dec) Day 1200-1500 ft FROM BOIL Pump; analyze atter 8 hr incubation
ALONG TRAJECIORY OP period
PLUME

LAKE(FITZ
INTAKE)

1/MON(Oct-Dec) Day VICINITY OF FITZ INTAKE
STRUCIUREo 24 ft DEPTH
COHTOURo 1000 fc OFF
SHOREe 500 ft BEHIND
VISIBLE 8'01L

Pump; analyze after 8 hr incubation
period

Zooplankton: >76u buc less chan 57lu Ln size
Frequency'of lake collections concingcnt on vcather conditions
Day ~ 1030 hrs; Night ~ 2230 hrs
Simulated studies for zooplankton are conducccd whenever lake sampling
is cnnccllcd duc co inclement weather
Incakc forebay sample taken on lake side of encrainmcnt rack, prior
co tempering

2/MON ~ TwLce monchly

I/MOH ~ Once monthly



for eight hours at intake temperatures. In this way, most

organisms contained in these samples had been subjected to plant
passage since discharge samples were composed of concentrated
organisms while intake dilution water contained relatively few

organisms at their natural density. From July through the
remainder of the sampling program, the simulation technique was

changed to better simulate jet entrainment. During that period,
organisms collected from the intake were serially added, along
with water at intake temperature, to a volume of filtered water

at discharge temperature. The addition rate was designed to
produce a time-temperature regime of twice the duration expected

in the near -field plume. As a result, these simulation samples

represent only organisms entrained at various points in the
near-field plume out to the 2 and 3 F isotherms, with none of
the organisms having been subjected to plant passage. Thus, the
total mortality expected at the 2 or 3 F isotherm would be the
combination of the observed plume entrainment and plant passage

mortalities. The organisms have also'been subjected to a longer
duration temperature exposure than actual entrained organisms.

The simulation samples were subsequently incubated at intake
temperature for eight hours.

Following the incubation period, two 1.0 ml aliquots were

withdrawn from each sample and examined for the number of live
and dead organisms of each species. The numbers of dead and

total organisms observed in the two aliquots were combined for
each group of species analyzed (see below) and the mortality of
each sample computed as the number of dead organisms divided by

the total number observed. The mortalities of the temperature
affected samples were plotted over the sampling period along
with the intake mortality. The mortality of each group attri-
butable to plant passage was computed as the difference between

observed percent surviving at the intake and discharge divided



by the intake survival. This calculation removes the effects of
sampling mortality by assuming equal sampling mortality at the

two locations. Since the same sampling gear and procedures were

used at both locations the assumption of equal sampling mortal-
ity is valid.

b. Rsul s f E e S

(i) Cladocera

The temporal variation of intake and discharge mortality of
cladocerans collected in day and night samples is shown on

Figure IVD-4. Figure IVD-4 shows the day and night distri-
butions of both intake and discharge mortalities,to be

similar with both showing a trend of high discharge mortal-
ity during periods of warmer lake temperatures. This period
also corresponds to the periods of maximum lake abundance

(Figure IVD-2) and maximum entrained abundance of clado-

977,

was the dominant entrained cladoceran during the period of,
peak abundance (LMS 1977, Appendix VIIIB-1).

The mortality, attributable to plant passage during the
period July through September was 38.1$ as compared to
between 9 and 17$ for the other periods of the year when

abundances were much lower (Table IVD-3). Table IVD-3

also shows a very consistent intake survival for cladocerans

of between 80 and 86$ for the sampling year. This would

indicate that the sampling mortality for cladocerans was

both low (<20$ ) and consistent.

The observed mortalities in the 3 and 2 F simulation and

lake samples (Figures IVD-5 and IVD-6) show generally close



CLADOCERA hlO RTA L I TY* FXGURQ IVD-l)

IN INTAKE AND DISCHARGE SAMPLES
JAMES A. FITZPATRlCK NUCLEAR POSER PLANT —l976-1977
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TABLE IVD-3

MORTALITY OF ZOOP AN ON D E TO ANT P SSAGE

JAMES A. FITZPATRICK NUCLEAR POWER PLANT - 1976-1977

TAXA

CLADOCERA (ARTHROPODA)

COPEPODA (ARTHROPODA)

TOTAL PROTOZOA

TIME
PERIOD

APR- JUN
JUL-SEP
OCT-DEC
JAN-MAR

APR- JUN
JUL-SEP
OCT-DEC
JAN-MAR

APR-JUN
JUL-SEP
OCT-DEC
JAN-MAR

5 LIVE
I TAK

85.3
80.5
85.6
83'. 8

47.2
63.8
65.1
56.6

53.6
42.1
33.5
56.1

$ LIVE
DI H RG

77. 5
49.9
70.8
69.6

35.5
34.9
49.4
55.2

32.2
34.7
40.3
44,3

MORTALITY DUE TO
LANT PASSAGE

9.2
38.1
17. 3
16.9

24.8
45.3
24. 1

2.4

40.0
17.7

-20.'3
20.3

ROTIFERA

TOTAL ZOOPLANKTON

APR-JUN
JUL-SEP
OCT-DEC
JAN-MAR

APR-JUN
JUL-SEP
OCT-DEC
JAN-MAR

46.8
45.6
44.6
37.0

48. 1

60.5
63.0
52.2

35. 4
34.0
42.9
27.8

37.9
38.3
50.3
50.6

24.3
25.4

3.8
24.8

21.2
36.7
20. 1

3.1

aAdults, juvenile, nauplii
b

Number live divided by the total collected
c

I 'D; I = Intake sample; D = Discharge sample$ Live - 5 Live,
$ Live>



CLADOCERA MORTALITY*

IN INTAKE AND 3 E DILUTION SAMPLES
JAMES A'. FlTZPATRlCK NUCLEAR POSER PLANT —l976-l977
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agreement with those observed in the intake samples espe-

cially during the summer period of peak cladoceran abun-

dance. The close agreement between observed mortalities in
the jet entrainment samples (lake and simulations) and the

intake mortalities indicates a negligible effect of plume

entrainment on cladocerans.

(ii) Copepods

The trend in mortality of copepods observed in day intake

and discharge samples (Figure IVD-7) is similar to that of
cladocerans, i.e., increased discharge mortality during

periods of warmer lake temperatures. The night data show a

more variable trend with substantial differences between

intake and discharge mortalities observed in the May-June

and November-December periods, but for a shorter period

during July-September than was observed in day samples. The

variation between day and- night results may have been

due to variations in observed intake mortalities which may

indicate a changing population at the intake between day and

night due'o diurnal vertical migrations.

The seasonal copepod mortalities attributable to plant
passage given in Table IVD-3 indicate a higher plant-induced

mortality for the July-September period (45.3$ ) than for the

remainder of the year. Plant-induced mortality was lowest

(2.4$ ) during the winter period (January-March) and similar
during the spring and fall periods (24.8 and 24. 1$ , respec-

tively).

While copepod abundances were high throughout the summer

period, maximum abundances in both lake and entrainment

collections were observed in November collections (LMS
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1977, Appendices VB-1d and VIIIB-1). From June through

August, copepod entrainment abundances were approximately

equally dominated by nauplii and cyclopoid juveniles, while
only the cyclopoid juveniles wer e more dominant in the
November collections. The overall dominance of the copepod

entrainment collections by cyclopoids paralleled the lake
observations (see Section IVD-1). The combination during
summer of a higher percentage of nauplii and higher ambient

water temperatures may have contributed to the observed

increase in across-the-plant mortality during the July-
September period.

The results of the 3 and 2 F simulation samples (Figures
IVD-8 and IVD-9) both show a similar trend of lower observed

mortalities than were observed at the intake from August

, through October, followed by a period of generally higher
than intake mortalities from November through March (the May

and June simulations were done subsequent to plant passage

and therefore are not representative of plume entrainment
effects.). All but one of the four lake plume collections
showed lower mortalities than the corresponding intake
collections.

The lower than intake mortalities observed from August
through October, a period of high copepod abundance, com-

bined with the observed low differences between intake and

simulation mortalities for the remainder of the year,
indicate that plume entrainment had only a minor effect on

copepod survival.
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(iii) Protozoans

Both intake and discharge collections of protozoans yielded

generally high mortalities throughout the year (Figure
IVD-10), indicating high sampling mortality at both loca-

tions. Differences between intake and discharge mortalities
were generally low with discharge mortalities frequently
less than the corresponding intake value. The increase in
variability in the data in the latter part of 1976 and the

first three months of 1977 was due to a decrease in numbers

of organisms observed due to decreased protozoan abundances

(LMS 1977, Appendix VIIIB-1).

While generally low abundances of protozoans were observed

throughout the year, maximum abundances were measured from

July through September (LMS 1977; Appendix VIIIB-1). The

relatively high sampling mortality coupled with the gener-

ally low abundances of protozoans precluded extensive inter-
pretation of the data. The computed mortalities due to
plant passage, given in Table IVD-3, show the effect of lower

discharge than intake mortalities in that the October-
December mortality is negative.

The results for protozoans of 3 and 2 F simulations (Figures
IVD-ll and IVD-12) show the same high degree of variability
and high intake mortality as the intake-discharge data and

preclude any conclusive statement about the effects of plume

entrainment on protozoans. The data show a tendency for
simulation mortalities to be less than intake mortalities,
which may indicate a negligible effect of plume entrainment.
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(iv) Rotifers

The intake and discharge mortality data for rotifers (Figure
IVD-13) do not indicate any seasonal or diel patterns.
While discharge mortality generally exceeded intake values,
differences between the two mortalities tended to be small

throughout the year. The computed rotifer mortalities
attributable to plant passage (Table IVD-3) were approxi-
mately 25$ for the spring, summer, and winter periods,
dropping to 3.8$ during the fall. The failure of the
rotifer population to exhibit an increase in observed
mortality during the warmer summer months may have been due
'o changes in species composition through the year '(LMS

1977, Appendix VIIIB-1).

The 2 and 3 F results (Figures IVD-14 and IVD-15) show the
same lack of any seasonal trend in observed mortalities,
with mortalities, observed in simulation and lake plume

samples frequently being lower than corresponding intake
values. The general agreement between intake and simulation
mortalities indicate that plume entrainment effects on

rotifer variability are negligible.

(v) Total Zooplankton

The combined results for all zooplankton at the intake and

discharge (Figure IVD-16) show the same seasonal trend of
increased discharge mortalities during the warmer months as

was observed for the cladocerans and copepods. The inclu-
sion of the rotifer data reduces the magnitude of the
observed differences in mortalities from the two locations.
The computed mortalities due to plant passage for all
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zooplankton combined were generally low but do reflect the
overall increased mortality during the summer (36.7$ ).

The combined results of the 3 and 2 F simulation and lake
samples (Figures IVD-17 and IVD-18) show a lack of any

substantial effect of plume entrainment on zooplankton
survival. Summer mortality values of both the simulation
and lake plume collections were generally lower than or
equal to corresponding intake collections indicating no

effect of plume entrainment on the zooplankton community

when plant entrainment would be expected to result in
highest mortalities due to high ambient temperatures and

maximum discharge temperatures.

s 0

The results of the zooplankton sampling at stations both in the

vicinity of the FitzPatrick plant and at control locations revealed
no consistant spatial trends in abundance of zooplankters. This
would indicate that any effect of the FitzPatrick plant on the
zooplankton community is well within the range of natural variation
in the area.

I

The zooplankton entrainment studies showed maximum seasonal plant
induced mortalities of between 38 and 45$ for the various zooplank-
ton groups, usually during the summer months, with an average summer

mortality of 36.7$ for all zooplankton. The effect of plume entrain-
ment on zooplankton survival was found to be small or nonexistent.

The small effects associated with plant and plume entrainment
support the results of the lake monitoring program. It would not be

possible to detect the small decrease in zooplankton abundance due
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to entrainment. Furthermore, the high reproductive rates of this
trophic level will quickly affect the small losses. The lake

monitoring program also demonstrates that plant operation has not

resulted in any shifts in the major assemblages of the zooplankton

community.

E. BENTHOS

1. C unit D ti: Lk 0 N M e P V

The benthic community is composed of infauna (i.e., organisms living
in the bottom sediment), epifauna (i.e., organisms living upon the

bottom sediment), and epiflora (i.e., plants attached to bottom

sediment). In Lake Ontario, the ma)or epiflora is the macrophyte

~C ~~ and the most abundant inshore macroinvertebrates are

members of the family Tubificidae (Annelida, Oligochaeta), commonly

called "sludgeworms" (LMS 1977a). The qaximum habitat depth for
many of the macroinvertebrates is between 48 and 90 m with the

benthic fauna increasing in abundance and diversity with decreasing

97 )

~'fbi~, and sphaer iids are the most abundant macrobenthic organisms

in the nearshore zone (<42 m) (LMS 1977a).

Because it is a non-mobile community, the presence and relative
abundance of organisms, both spatially and temporally, are dependent

on several factors: water depth; water quality, including dissolved

nitrates, orthophosphates, silica, light inten'sity, and oxygen

saturation; sediment characteristics and sedimentation rates and

organic content of the sediment; food supply; and hydrodynamic
4

factors. Certain species of flora and fauna are strictly confined

to well defined types of substrata and exist at only certain current

velocities.
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Observations were made of the benthic macrofauna community in the
Nine Mile Point vicinity approximately every other month from April
through December 1976. Macrofauna were collected at 20 stations
ranging in water depth from 10 to 60 ft (Figure IVE-1). Macrofauna

retained in a No. 40 U.S. Geological sieve (>420M ) were analyzed.

In conjunction with these collections but at selected stations and

at a variable frequency, sediment accumulation, organic carbon

content, grain size distribution and sediment composition were

monitored. Whenever possible, all samples were taken from a similar
substrate type and all contained the filamentous green macrophyte

less than one inch thick throughout the 0.5-m sample

area; this standardization among sample locations was necessary to
eliminate the effect of sediment type and cover on the benthic
species composition and abundance.

The species occurrence of macroinvertebrates in the Nine Mile Point
vicinity during 1976 is presented by date in Table IVE-1. The

a

following species represented ~$ of the total benthos in one or
more samples at one or more stations per collection date and for a

minimum of three collections: the gastropods ~V rata.

~e~s; the poly-

and P

In general during 1976, concentrations of gastropods, bivalves (LMS

1977b, Appendix VIB-5f), ostracods (LMS 1977b, Appendix VIB-5b), and

oligochaetes (LMS 1977b, Appendix VIB-5a) in the Nine Mile Point
vicinity were consistently greater at the 60-ft depth contour (LMS

1977b, Appendix VIB-5a) polychaetes were more abundant primarily in
water. depths less than 30-ft with the majority of them reported from
the 20»ft depth contour (LMS 1977b, Appendix VIB-5a); nematodes were
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TABLE IVE«I

E N

NINE MILE POINT VICINITY - 1976

19 APR 15-17 3, 0) 12,

CNIDARIA (COELENTERATA)
HYDROZOA

HYDROIDA - ATHECATA
CLAVZDAE

CORDYLOPHORA
C LACUSTRIS

HYDRIDAE
HYDRA

H. AMERICANA

RHYNCHOCOELA

PLATYHELMINTHES
TURBELLARZA

TRICLADIDA
Pf ANARIIDAE

ASCHELMINTHES
NEMATODA

CHROMADOROIDEA
PLECTIDAE

ANONCHUS
BlOPLIDA

ALAIMIDAE
ALAIMUS

DORYLAIMIDA
DORYLAZMIDAE

DORYLAIMUS
RHABDITZDA

RHABDITIDEA
BUTLERZUS

X

D D

D ~ D

X

MOLLUSCA
GASTROPODA

PROSOBRANCHIA MESOGASTROPODA
VALVATIDAE

VALVATA
V. PERDEPRESSA
V. SINCERA
V. PZSCINALIS
V. TRICARINATAPERCONFUSA

BULIMIDAE (HYDROBZZDAE)
AMNICOLA

A. INTEGRA
A. LIMOSA
AMNZCOLA SP.
A. LUSTRZCA

BITHINIA
B. TENTACULATA

PLEUROCERIDAE
GONIOBASIS

G. LIVESCENS

X
X
D

X
X
D
X

X
D

X
D

D
X
X

'D

X
D

X
D

X
X
X
X
D
D
D



'ABLE IVE-I (Continued)

VE

NINE MILE POINT VICINITY - 1976

E S

19 APR 15 17 3~ 4 ~ 12' n

MOLLUSCA (CONT)
GASTROPODA (CONT)

PULMONATA - BASOMMATOPHORA

PHYSZDAE
PHYSA

P. INTEGRA
P. SAYIZ
P HETEROSTR)PHA
P. ELLIPTZCA

LYMNAEIDAE
LYMNAEA
L. CATASCOPIUg
L. EMARGINATA

PLANORBIDAE
GYRAULUS

G. PARVUS
HELISOMA

H. ANCEPS
H, TRIVOLVIS

ANCYLIDAE
FE RRISSIA
F. TARDA

LAEVAPEX
L. FUSCUS

BIVALVIA (PELECYPODA)
EULAMELLIBRANCHZA

MARGARITZFARIDAE
ADADONTA

A. GRANDIS
UNIONIDAE

HETERODONTIDA
SPHAERIIDAE

HJSCULIUM
PISIDIUM
SPHAERIUM

X
D

D
D

D
X
X
X
X

D '.'D'

D

X,

X
X
D
D

X X
X

X ~ X „

X
X
X

X.
X
X
X ~

X

X
D

D

D

D

ANNELIDA
POLYCHAETA

SABELLIDA
SABELLZDAE

MANAYUNKIA
M. SPECIOSA

OLIGOCHAETA
PROSOPORA

LUMBRICULIDAE
STYLODRILUS

S. HERINGZANUS
PLESIOPORA

TUBIFZCIDAE
AULODRILUS

A. AMERICANUS
A. LIMNOBIUS
A. PLURISETA
A. PIQUETI

LZMNODRILUS
L. HOFFMEISTERI
L. UDEKEMIANUS
L. CLAPAREDIANUS
L. PROFUNDZCOLA
L. HOFFMEISTERI VARIANT

D
D ~

D
X
X

D
X
X
X

D

D
D

X
X
X
X

D
X

D

.D
~ D
D

X .. X

D D
X

X
X X
D

'

X X

X X



TABLE IVE-1 (Continuedf

VE

NINE MILE POINT VICINITY- 1976

19 APR 15-1? 3, 4, 12,
4

MULTZSETOSUS
ONGIDENTUS

ARTHROPODA
ARACHNIDA

ACARZ
LIMNESIIDAE

LIM(ESZA

ANNELIDA (CONT)
OLIGOCHAETA (CONT)

PLESIOPORA (CONT)
TUBIFICIDAE (CONT)

ILYODRZLUS
I; TEMPLETONI

PELOS COLEX
P. FREYI
P. FEROX
P. MULTISETOSUS
P. MULTISETOSUS L

TUBIFEX
T IGNOTUS
T. TUBZFEX

UID TUBZFICIDAE
POTAMOTHRIX
P. l%LDAVIENSZS
P. VEJDOVSKYZ

NAIDIDAE
ARCTEONAZS

A. LOMONDZ
NAIS

N BRETSCHERZ
N. ELINGUZS
N. SIMPLEX

PARANAIS
P. SIMPLEX

PZGUETZELLA
P. MZCHIGANENSIS

CHAETOGASTER
C. DIASTROPHZS

SPECARIA
S. JOSINAE

STYLARZA
S. LACUSTRZS

UNICZNAIS
U. UNCZNATA

VEJKOVSKYELLA
V. INTERPZDIA

PRISTINA
P. AEGUISETA
P. OSBORNII

ENCHYTRAEIDAE
HIRUDINEA

RHYNCHOBDELLIDA
GLOSSIPHONIIDAE

HELOBDEl LA
H. STAGNALIS

PZSCI COLIDAE
PISCICOLA

~ X
X

D
D
X

D

X

X

X

X

X
X

D''.' D
D X
X '

X
X
D
X
X

'X

X
X
X

X
X
D
X

X



TABLE IVE-I (Continued)

N

NINE MILE POINT VICINITY 1976

19 APR 15 17 3i 4i 12~

ARTHROPODA (CONT)
ARACHNIDA (CONT)

ACARZ (CONT)
HYGROBATIDAE

BYGROBATES
HYGROBATES SP. 1

HYGROBATES SP. 3
HYGROBATES SP. 4
HYGROBATES SP. 5

UNZONICOLZDAE
NEO MANIA
UNIONICOLA

UNIONICOLA SP. 1

UNIONICOLA SP. 2
PZONIDAE

FORELZA
PIONA

LEBERTIIDAE
LEBERTZA

TORRENTZCOLZDAE
TORRENTICOLA

ZNSECTA
EPHEMEROPTERA

HEPTAGENZIDAE
STENONEMA

TRZCHOPTERA
HYDROPTZLIDAE

AGRAYLEA
LEP TOCERIDAE

OECETZS
ARTHRIPSODES
LEPTOCERUS

Lo AMERICANUS
HYDROPSYCHIDAE

CHEUMATOPSYCHE SP.
DIPTERA

TENDIPEDIDAE (CHIRONOMZDAE)
CHIRONOMUS
CLADOTANYTARSUS
COELOTANYPUS
CRICOTOPUS
CRYPTOCHIRONOMUS
DEMZCRYPTOCHIRONOMUS
DICROTENDIPES
ENDOCHIRONOMUS
GLYPTOTENDIPES
CRYPTOCLADOPELMA (HARNISCHIA)
HETEROTRZSSOCLADIUS
MICROSPECTRA
MICROTENDIPES
PARACLADOPELMA
PARACHIRONOMUS
PHAENOPSECTRA
POLYPEDILUM
PROCLADIUS
PSEUDOCHIRONOMUS
PSECTROCLADIUS SPP.
PSECTROCLADIUS SP. IZI
POTTHASTIA

X,

X

D
D
X

X
X
X

D
X
D
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X

X X
X

X
X

'

X X
X X
X ~ X

X
D
X

'

X D

X X
X

X

X X

X X
X D

X
X X

X
X X

D

X
X
X
X

X
X
X.



TABLE EVE-l (Continued) 0
NINE MILE POINT VICINITY- 1976

19 APR 15-17 3, 4, 12,

ARTBROPODA (CONT)
ZNSECTA (CONT)

DIPTERA (CONT)
TENDIPEDIDAE (CHZRONOHZDAE)

RBEOTANYTARSUS
STICTOCHZRONOMUS
TRISSOCLADIUS
XENOCEZRO(OMVS
EZNFELDIA
TANYTARSVS (+HICROPSECTRA)
PARATANYTARSUS

CERATOPOGONZDAE
BPIDIDAE

CRUSTACEA
ISOPODA

ASELLZDAE
ASELLUS

AMPHIPODA
GAMMARIDAE

GAMHARUS
Go FASCZATUS

CRANGONYX
BAUSTORZIDAE

PONTOPOREIA
P. AFFINIS

TALITRIDAE
BYALELLA

H. AZTECA
MYSZDACEA

MYSIDAE
MYSIS

M. OCULATA RELZCTA
DECAPODA

ASTACZDAE
CAMBARUS

C. BARTONZ
ORCONECTES
0. PROPINQUUS PROPINQUUS

OSTRACODA

BRYOZOA

(CONT) .

D

X
X

D
X

X
D.

X
D

D
X„

D

D

X

X
D
X
X
D
X

X
D
D

D

X

D
D

t

ll

r
I

X - Presence in one or more samples at one or move stations per collection period
D » Abundance of ~$ of total benthos in one ov more samples at one or more

stations per collection period
I

b
Collections made at only two stations (NHPE-20-ft [R-1] and NMPE-30-ft fR-1 and R- ~

Identification pending



generally more abundant in water depths greater than 40 ft (LMS

1977b, Appendix VIB-5c); and hydr oids were consistently more abun-

dant along the 10-ft contour (LMS 1977b, Appendix VIB-5e). Depth-
related differences in distribution were not evident in dipterans,
amphipods, or Acari as, a group (LMS 1977b, Appendix VIB-5b). These

observations have the following limitations: each group consists of
more than one species and the substrate type sampled throughout the
study period was consistent at only the 40 and 60-ft contour along
FITZ transect and the 30, 40, and 60-ft contour along NMPE transect.
An analysis of ma)or taxa along the 40-ft contour revealed no effect
on the distribution and abundance due to plant operation (LMS

1977b, p. VI«14) .

~Ga arus ~fa <~hue was chosen for further 1nterpretation of spattal
a'nd temporal trends based on its designation as a representative
important species and its numerical dominance in the benthic collec-
tions. G. fy~~us, an annual species (i.e., with a life cycle of
one year), showed a peak concentration in the Nine Mile Point
vicinity in August (September collection) and particularly at the
10-ft contour; high concentrations were still evident in the October
collection but at both the 10 and 20-ft contours (LMS 1977b, Ap-
pendix VIB-6c). Based on the mean concentration of G.

from similar substrate types among all collections, the peak concen-
trations of this amphipod were reported as follows (LMS 1977b,

Appendices VIB-3 and VIB-6c)-

DEPTH CONTOUR PREDOMINANT SUBSTRATE TYPE PEAK PER OD

10
20
30

40

60

bedrock with sand in crevices
bedrock with sand in crevices
sand and silt; bedrock with
sand in crevices
sand and silt; bedrock with
sand in crevices
sand and silt

August
August
August
June
October
October
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Along the 40-ft contour, there was a general increase in ~Ga garou

from NMPM to NMPE transect (Figure IVE-2). The FITZ transect had

the greatest concentration of G. ~fas ~i~ in three of the eight

samples and no sample collected at FITZ had the minimum concentra-

tion of ~G g~a gs. A comparison of values at FITZ and NMPE tran-
'

sects, both consistently characterized by sand and silt, showed an

increased abundance of G. +~~us at FITZ in April (29.3 times

greater than NMPE, collected on the same date), and August (1. 1

times greater than NMPE transect, collection: 7 and 3 September,

respectively), and increased abundances at NMPE in June (1.5 times

greater than FITZ collected on the same'ate) and October (4.3 times

greater than FITZ transect, collection: 13 and 12 October, respec-

tively). The magnitude of the difference between FITZ and NMPE in
the April collection is attributed to natural spatial variability,
as one replicate was 28.5 times larger than the second replicate

1976 lake results indicate that G. @~i~~~ abundances in the

vicinity of the FitzPatrick plant fall within the range of values

observed at the control transects and that plant operation has no

apparent effect on the benthic ~G girja~ population.

2. ~Ga@~s sp. Entrainment and Viability Studies

a. S D

The ~G @gags sp. entrainment program consisted of the collection
of samples from the plant intake and discharge for viability
analysis, with additional larger samples from the intake for
abundance estimates of entrained organisms. For abundance

determination, samples were collected for a 30-minute period

from two depths in the intake (14 and 20 ft) four times per day

(two collections corresponding to day and two collections
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FIGURE IVE-2

ABUNDANCE'F GAMMARUS FASC IATUS

IN BENTHIC COLLECTIONS
40 —FT DEPTH CONTOUR

NINE MILE POINT VICINITY-I976
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(0
X
V)
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hJ
'Ql

o NMPW
0 NMPP
a FITZ
o NMPE
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' 14 MAY l5-l7 3-7 l2-I3 I4 b

MONTH

Number of organisms/m; mean of two replicates
No sample collected in December at the 40 ft depth contourb



corresponding to night) per month from January through September

and two times per day (one day and one night collection) per

month from October 1976 through March 1977. All intake samples

were collected with 0.5-m plankton nets suspended in the intake
flow on fixed frames. From April through June 1976, ~G gyves
sp. viability samples were collected twice daily ( 1100 and 2300

hours) from both the intake and discharge bays. From July 1976

through March 1977 samples were collected only once per day

(2300 hours) since previous collections had shown that highest
abundances were observed in night collections. Sampling during
April took place on one day, May through September on two days

per month, and then one day per month from October through March

1977. For each collection, a five-minute sample was obtained
from each of the two intake depths and two five-minute pumped

samples were collected from the discharge bay. Thus, during
periods of twice-daily sampling, a total of four intake and four
discharge samples were collected.

~,

Additional samples were collected from the intake and discharge
for 3 and 2 F plume entrainment simulation experiments from May

1976 through March 1977. Simulation samples were collected with
the same frequency as the intake and discharge viability samples

except on dates when lake plume samples were collected. In
addition to the in-plant viability sampling, samples were also
collected from the near-field discharge plume in the lake on one

day in May and two days in June. Samples were collected by a

surface tow with a 0.5-m net from the turbulent zone of jet
surfacing out along the plume trajectory for five minutes. This
tow was designed to sample both the 3 and 2 F plume isotherms.

As in other entrainment programs, all discharge bay samples were

held at discharge temperature for the approximate travel time to
the diffuser ports prior to analysis. The April discharge
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samples were incubated for eight hours prior to analysis, the

May through June collections were analyzed immediately after the

travel time hold period, and the July 1976 through March 1977

discharge samples were diluted with filtered intake water in a

time series of dilution to within 2 F of the intake temperature.

The latter treatment was designed to subject plant-passed
organisms to a temperature reduction similar to that occurring
in the plume.

During May and June, the 3 and 2 F simulations consisted of
samples collected in the discharge and then diluted with intake
water to either 3 or 2 F above intake temperature with a single
addition of intake water. Thus the simulation samples for this
period represent organisms subject to plant passage. From July
1976 through March 1977 the simulation procedure was changed to
more closely represent only those organisms entrained in the

plume, not those subject to plant passage. Organisms collected
from the intake were subjected to the full plant temperature

rise for the 3 F simulation (one-half the plant temperature rise
for the 2 F) and subsequently diluted with filtered intake water
in a time series of dilutions designed to simulate the tempera-

ture reductions occurring in the plume. Thus the 3 F simulation
samples represent the worst case of plume entrainment, i.e.,
entrainment into the plume immediately at the point of discharge
and subsequent travel out to the 3 F isotherm. The 2 F simula-

1tion samples represent organisms entrained at the point of
2: 1 dilution in the plume and subsequent travel to the 2 F

isotherm.

b. Results of ~Ggg~gs ~fa i~i~ Entrainment Studies

Except for the January 1976 collections, the monthly abundance

data for entrained ~G pzaaus (Table IVE-2) showed no consistent



TABLE IVE-2

MEAN+ ABUNDANCE OF ~MA1~U ~ABCIAIU

ENTRA NME OLLEC I
JAMES A. FITZPATRICK NUCLEAR POWER PLANT - 1976-1977

QAAT

14 JAN 1976
18 FEB
17 MAR
14 APR
12 MAY
16 JUN
14 JUL
18 AUG

8 SEP
6 OCT

3 NOV

15 DEC
1 JAN 1977
2 FEB
7 MAR

ABUNDANCE

9675
541
264
357
153
330
246
377
147
287
301
252
281
465
194

"Mean of four daily intake collections taken at two
depths from January through September 1976 and mean
of two daily intake collections taken at two depths
from October 1976 through March 1977.



due to the simulation. The increased mortalities observed in
1977 winter samples may indicate an increased sensitivity to
plume entrainment during times of colder ambient tempera-
tures.

The results of the lake samples indicate low mortalities (less
than or equal to 5$ ) on all dates except 23 June (50$ ).

Both the plume entrainment simulation results and the lake plume

sampling results indicate generally low mortalities attributable
to plume entrainment during the summer and fall periods, with
increased sensitivity during the winter.

3. Assessment of Entrainment Impact on ~Gg~u ~flu
S

' Sto ks

In order to assess the impact of plant entrainment on the ~G gg~gs

estimates were made of the total number of this taxon killed by

passage through the plant. These estimates were compared to the
calculated standing stock of ~Ga m~a us in the lake in the vicinity of
the plant.

The total number of ~Ga gg~>s entrained by the plant was calculated
from the monthly entrainment abundances and plant circulating water
flow data. Two-month totals for the number of ~G @~ay. entrained
were computed (except three months from January to March 1977) to
coincide with the standing stock estimates (see below). The ob-
served discharge mortalities were used to calculate the total number

of the entrained organisms killed by passage through the plant. The

observed discharge mortality is a conservative estimate of the
plant-induced mortality in that the observed discharge mortality

IV-58



includes some mortality attributable to sampling (discharge samples

were collected with a pump) and some naturally occurring percentage
of dead organisms. Since the assumption of identical sampling

methodologies at the intake and discharge was not valid in the

~Ga igaaus program, a cropping rate calculation which removes sampling

mortality, similar to the procedure followed for zooplankton, could

not be used. The above calculations of total entrained and total
killed during the two-month periods were done for both actual and

maximum plant flow conditions. The maximum flow results represent a

"worst case" condition of the plant pumping at its maximum rate
every day of the p'eriod.

In order to evaluate the effects of entrainment damage on the
~Gn~gZus community, estimates were made of the number of ~Ggg~u

present in the lake during the entrainment studies. Results of both
the macrozooplankton lake collections (planktonic ~G gm~gy.)(LMS

1977b, Appendix VC-la and VC-lb) and the benthos collection (benthic
~Ga ~>s)(LMS 1977b, Appendix VIB-6c) were examined for use in
estimating the standing stock. Since both data sets showed maximum

~Gag~a us abundances in August 1976, August data was selected for a

comparison of the number of ~Gggn~as in the water column to those

found on the benthos. The maximum observed water column abundance

of '~Ga D~gy during 1976 was 9221 or ganisms/1000 m in a bottom

night collection on 18 August (LMS 1977b, Appendix VC-lb) along the
20-ft contour. The mean benthic abundance of ~G gg~gy. observed

2along the 20-ft contour in August collections was 2999 organisms/m

of bottom area (LMS 1977b, Appendix VIB-6c). If the entire plank-
tonic community of Gals~a '~ above one m of bottom were to settle2

to the bottom, this would result in a benthic abundance of 56 organ-
isms/m , or approximately 1.9$ of the observed mean benthic commun-2

ity. These evaluations indicate that the main portion of the
~G a~a s community is benthic, and therefore all standing stock
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estimates were made from the benthic abundance data. The estimates

are conservatively low in that they do not include the percentage of
the population that are in the water column.

The estimates of standing stock were made for each seasonal set of
benthic collections and for purposes of impact assessment, each

population was assumed to be independent in terms of the effect of
entrainment cropping during each period (see Table IVE-4). That

is, it was assumed that the population does not undergo extensive

immigration or emigration and that natural reproductive cycles take

place during this period. Since no benthic collections were made

outside the April to October period, November-December standing

stocks were estimated from the October data and both 1976 and 1977

winter (January-February 1976 and January-March 1977) estimates were

taken as the mean of the early spring and late fall estimates.

Standing stock was estimated for the area bounded by the benthic

collections in the longshore direction (approximately 3.5 miles)
and to the 65-ft depth in the lake. The total benthic area con-

tained in the segment is approximately 6800 x 10 m (1680 acres).3 2

Table 1VE-4 gives the results of two cropping calculations for each

of the plant flow conditions evaluated. The estimated percent

cropping is the percentage of the number of ~G gg~us in the water-

body segment removed by entrainment mortality. The estimated
effective cropping is the computed equivalent number of acres of
benthic area that would be completely cropped, based on the mean

benthic abundance in the segment.

As can be seen from Table 1VE-4, estimated percent cropping during

either actual or maximum plant flow conditions was less than one-

half of 1$ of the population throughout each sampling period,
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TABLE IVE-4

H)RTALITY OF ~~ggQ g!gIIl~T DUE TO PLANT PASSAGE

JAMES A. FITZPATRICK NUCLEAR POMER PLANT AND NINE MILE POINT VICINITY- 1976-1977

SAMPLING
E D

PERCENT
ESTIHATED

TOTAL
WEIGHTED

MEAN

ESTIHATED
ESTIMATED PER-

E T R I
ACTUAL MAXIHUM .

.0

ESTIHATED
EFFECTIVE

ACTUAL MAXIHUM

JAN-FEB
MAR-APR
MAY-JUN
JUL-AUG
SEP-OCT
NOV-DEC
JAN-HAR

32.O6
3. 05
2.98
3.88
2. 36
3.19
5.31

X 10

X 10

X 10

X 10
X 10

X 10
X 10

70.88 X 10

4.39 X 107
3.41 X 107
4.47 X 107
2.73 X 107
3.90 X 10
6.52 X 10

3O.26
3O.26
21.56
53.09
40.82
9.09

56.25

864.88 X 10
269.84 X 10

601.20 X 107
1840.50 X 107
1459 o92 X 107
1459.92 X 107
864.88 X 10

1272
397
884

2707
2147
2147
1272

9.70 X 107
0.92 X 107
0.64 X 107
2.06 X 10

0.96 X 10

0.29 X 10
2.99 X 10

21.45 X. 107
1.33 X 107

.0.74 X 107
2.37 X 107
1.11 X 10
0.35 X 107.
3.66 X 10

1.12 2.48
0. 34 0.

49'.11

0.12
0.11 0.13
0.07 0.08
0.02 0.02
0.35 0.42

18.8
5.7
1.8
1.9
1.1
0.3
5.8

41.7
8.3
2.1
212
1.3
O.4
'7.1



TABLE 1

ESTIMATED TOTAL ENTRAINED TOTAL IN WATERBODY SEGMENT AND PERCENT CROP I G OF ALE IFE .LARVA

NINE MILE POINT UNIT 1 - 1976

SAMPLING
MEEK

NO. OF

CIRC.
MATER

PUMPS

ACTUAL
FLO

MAXIMUM

FLO

ESTIMATED TOTAL
ENTRAINED

ESTIMATED
TOTAL IN
WATERBODY

SEGHENT"

WEIGHTED
MEAN

NO

ESTIMATED
ERCENT CROPPING

ACTUAL MAXIMUM
FLO FLO

13-19 JUN
20-26 JUN
27 JUN-3 JUL

4-10 JUL
11-17 JUL
18-24 JUL
25-31 JUL
1- 7 AUG
8-14 AUG

15-21 AUG

22«28 AUG

29 AUG-4 SEP
5-11 SEP

12-18 SEP

19«25 SEP
26 SEP«2 OCT
3- 9 OCT

10-16 OCT
17-23 OCT

0
0
4.19

13.19
54. 70

8.69
14.72

475.20
113.24
367.5o
133.50
114.88

3.97

11. 90

0. 99

0 ~ 99

X 104
4

X 104
X 104
X 104
X 104
X 104
X 104
X 104
X 104
X 104
X 10

X 10

X 10 —.

X 10

0.
0
4.47 X

104.'4.07

X 104
58.36 X 104

9.27 X 104
15.71 X 104

524.54 X 104
125.00 X 104
405.65 X 104
147.36 X 104
126.53 X 104

4.36 X 10

~ 13.09 X 10

1.09 X 10

1,09 X 10

13. 80
85.34

360.70
1453.93
1756.79
3273.71
3038.43

32064.21
13383.67
16o9o.29

3658.70
6o77.16
118.40
703.25

X 104
X 104
X 101
X 104
X 104
X 10.
X 104

4'

104
X 104
x 104
X 104
X 104
X 104
X 10

o.ooo4
0.0023
0.0095
0.0383
o.o463
o.o863
o.o8ol
o.8454
0.3529
0. 4242
o.o965
0.1602
0.0031
0.0185

0
0
1.16
0. 91
3. 11
0.27
o.48
1.48
o.87
2. 28
3. 65
1.89
3.35

0
0
1.24
0.97
3.32
o.28
0.52
1.64
0.93
2. 52
4.o3
2.o8
3. 68

OTAL'317.66 X 10 1450.59 X 10 8207.38 X 10

«See text for definition of waterbody segment.



except during January-February 1976. At this time the slightly
increased cropping value resulted from the abnormally high January

entrainment abundances. Since similarly high abundances were not
seen during either summer periods of high lake abundance or the
following winter period, it is probable that the January 1976

estimate was not representative of actual entrainment abundances

during the month. It should be noted that the calculation of total
numbers entrained did not take into account the reduction in intake
flow during winter months, when up to 30$ of the plant flow may be

recirculated as tempering flow. Since no quantitative data were

available on tempering flows, full flow values were used. If 30$

tempering was occurring during .the winter months of both 1976 and

1977, the cropping percentages and areas would also be reduced by

30$ .

The effective cropping areas given in Table IVE-0 also show the
effect of the high January 1977 entrainment estimates, with the

remaining results all showing cropping of less than nine of the
1680 acres in the segment.

The results of the ~Ga mangy entrainment cropping analysis clearly
indicate that the numbers of ~G gg~ suffering entrainment mor-

tality represent an extremely small percentage of the local popula-
tion and that such mortalities would have a negligible effect if any

on the community. It is of inter est to note that the analysis of
benthic vs. planktonic ~G m~~ abundances also would indicate that
only a small percentage of the population is vulnerable to entrain-
ment by being in the water column, the main portion of the popula-
tion being benthic.

The results of the lake benthos monitoring program showed no dis-
cernible spatial or temporal distributions attributable to the
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operation of the FitzPatrick plant. Distribution of ~G gg~us, a

representative important species, along the 40-ft contour showed

no effect of plant operation. Entrainment viability and abundance

studies coupled with standing stock estimates for the Nine Mile

Point area indicate a negligible cropping of ~G @~a u ~ by entrainment

into the cooling water flows.

F. ICHTHYOPLANKTON

1. C it De t

a. N Mi P V

During 1976, fish eggs and larvae were monitored at 15 stations,
ranging in depth from 20 to 100 ft (Figure IVC-1). Collections

were made approximately weekly during daylight hours in April
and May and from mid-September through December and approxi-

mately weekly during day and night from June through mid-

September. Eighty-six percent of the lake samples were col-
lected when the daily discharge temperature rise at FitzPatrick
plant exceeded 50$ of the maximum design value. Collections

were made with one-meter plankton nets of 80 (571 ) mesh towed

concurrently at .the surface, mid-depth, and bottom for approxi-

mately five minutes at each station. All fish larvae were

enumerated and identified and a random subsample of up to 60

larvae per species per sample were measured and the life stage

(i.e., pro-larvae, larvae, or juvenile) recorded. Fish eggs

were subsampled for enumeration and identification.

Fifteen taxa (including 12 species) of fish larvae and six
species of fish eggs were identified from ichthyoplankton
collections in the Nine Mile Point vicinity during 1976 (Table
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collected in the Nine Mile Point vicinity during 1976; these

were identified from the benthic collections (LMS 1977, Table

VIB-2). All species identified in the 1976 larval collections
had also been identified during the 'l975 lake program (Table

IVF-1). Of the representative important species only alewife,
rainbow smelt, threespine stickleback and yellow perch were

collected, in both 1975 and 1976, while coho salmon, brown

trout, and smallmouth bass, also representative important
species, were not identified in the Nine Mile Point vicinity in
either year.

The occurrence of ichthyoplankton and fish eggs by date is
presented in Table IVF-2. Eggs were collected in the Nine Mile
Point vicinity from 21 April (rainbow smelt) through 18 August

(alewife). Larvae, defined as pro-larvae, larvae, and/or
juveniles, were collected in the lake from 7 April (burbot)
through 13 October (alewife). The greatest number of identifi-
able taxa in any monthly collection occurred in June and July,
and are as follows.

0

EGGS AND
LARVAE

JUNE

LARVAE
EGGS AND

LARVAE

JULY

LARlAAE

Alewife
Carp
Rainbow smelt
White perch

Burbot
Emerald shiner
Johnny darter

sp
Mottled sculpin
~N1~~i sp.

Alewife
Carp

Johnny darter
~LEZM sp.
Mottled sculpin
MN~M sp.
Rainbow smelt
Threespine stickleback
Trout-perch
White perch
Yellow perch
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TABLE ZVF-I

NINE MILE POINT VICINITY- 1975 and 1976

. Centrarchidae Immia. sp.
I; maZDDhirua.
UID Centrarchidae

UID sunfish

Clupeidae
Jhmmma, fJ;Df fianm

Alewife
Gixsard shad

Cottidae Mottled sculpin

Cyprinidae M~ma. mauled
Z@Zmia. sp.
K

atda>eh'.

auamhNS.
E~ hLUiKllilUL
Hmmhalm INttahVL
E. IN:mehm,
UID Cyprinidae

Carp
UID shiner
Emerald shiner
Common shiner
Spottail shiner
Bluntnose minnow
Fathead minnow

Ga ae 'urbot

Gasterosteidae Q~~NLLBQlllCRlM. Threespine stickleback

:Osmeridae Rainbow smelt

Percichthyidae ~ BmnL'iCRQL Nhite perch

Peroidae XM~~ sp.
X a1aruu
Rema. CLnxamam.

Johnny darter
Yellow perch

Per copsidac

Salmonidae ~tgQllQL sp ~

Trout-perch

Cisco or Lake herring

bLake collections: surface, mid-depth and bottom tows
Larvae = pro-larvae, larva, and Juvenile



TABLE IVF - 2

ICHTHYOPLANKTON AND FISH EGGS SPECIES OCCURRENCE BY DATEI

JAMES A. FITZPATRICK NUCLEAR POMER PLANT AND VICINITY- FEBRUARY»JUNE 1976

LEMIFE

URBOT

ARP

HERALD SHINER

OHNNY DARTER

AKE HERRING

r SP. (VID).

INNOMS AND

OTTLED SCULPIN

SP.

AINBOM SMELT



TABLE IVF — 2 (Continued)

» (Continued)

JAMES A. FITZPATRICK NUCLEAR POWER PLANT AND VICINITY- FEBRUARY-JOE 19'(6

THREESPINE

ROUT PERCH

HITE PERCH

ELLOW PERCH

ID E[

~Dates listed when larvae and/or eggs collected; ichthyoplankton includes pro-larvae, larva, and Juvenile
,
life stages.

D = Day collection
N = Night collection

E = Fish eggs
L = Fish larvae

UID = Unidentified organism

FITZ = James A. FitzPatrick Nuclear Power Plant
entrainment program

LAKE = Lake iohthyoplankton colleotions



TABLE IVF -, 2 (Continuel)

JAMES A. PITZPATRICK NUCLEAR POWER PLANT AND VICINITY- JULY-DECEMBER 1976

ALEWIFE

BURBOT

CARP

EMERALD SHINER

JOHNNY DARTER

KE D

LAKE HERRING

SP. (UID)

MINNOWS AND

P

MOTTLED SCULPIN

SP.



TABLE IVF —2 (Continued)

e (Continued)

JAMES A. FITZPATRICK NUCLEAR POMER PLANT AND VICINITY- JULY-DECEMBER 1976

RAINBON SMELT

8 4 2 6

HREESPINE

ROUT-PERCH

.EY

HITE PERCH

ELLOW PERCH

ID

IDates listed when larvae and/or eggs collected; ichthyoplankton inoludes pro-larvae, larva, and Juvenile
life stages.

D = Day collection
N = Night collection

E -" Fish eggs
L = Fish larvae

UID = Unidentified organism

FITZ = James A. FitzPatriok Nuolear Power Plant
entrainment program

LAKE = Lake ichthyoplankton collections



The 1976 spatial/temporal distribution of the representative

important species and those occurring in the viability program

(johnny darter, mottled sculpin, and white perch) are discussed

below.

us)

Alewife eggs were collected in the Nine Mile Point vicinity
from 9 June to 18 August with the greatest numbers collected
at night on 7 and 15 July; the grand mean over all stations
was 13,434 eggs/1000 m and 15,827 eggs/1000 m for both

dates, respectively (LMS 1977, Appendix YC-2c). The great-
est concentration of eggs ( 117, 127 eggs/1000 m ) was

reported at the 0.5-NMPE-20-ft station, in the bottom night
sample on 15 July. Between 23 June and 4 August, .egg

concentrations in night collections were greater than

Chose in day samples in 95$ of the paired collections.
This suggests that. spawning activity tends to be greater at
night, an observation which has been previously reported for
Lake Erie (Detroit Edison 1976).

The spatial distribution determined from night collections
showed that egg concentrations were more dense at the 20-ft
contour than the 40-ft contour with further reduction
offshore to the 100-ft contour. The eggs, which are demer-

sal and essentially nonadhesive, were collected in greater
'I

abundance in the bottom samples than in the surface or
mid-depth samples.

Alewife larvae were first collected on 16 June and persisted
in the lake collections in the Nine Mile Point vicinity
until 13 October (Table IVF-2). The seasonal maxima oc-

curred on 4 and 18 August for both day and night collections
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(LMS 1977, Appendices VC-2a and VC-2b); the grand mean

over. all stations from night collections on these dates was

1,820 larvae/1000 m and 875 larvae/1000 m , respectively.
Concentrations at night were greater than those observed

during the daytime in 73$ of the collections at the 20-ft
contour and 86$ of the collections at the 40-ft contour.

The magnitude of the ratio between night and day. collec-
tions during the period of seasonal maxima ranged from 1.3

to 8. 1 at the 20-ft contour and from 1.5 to 49.4 at the

40-ft contour.

The onshore/offshore spatial distribution of alewife larvae,
determined from night collections, showed a trend of
decreasing alewife larvae abundances further offshore.
This is based on the mean concentration of larvae both over

all dat'es for stations along the NMPP transect and over all
sample depths and stations per collection date for the 20

and 40-ft contours. Larvae were more abundant in surface
collections on 8 of 11 collection dates which showed a grand

mean over all stations of more than 10 larvae/1000 m

This trend was less pronounced at the 20-ft contour where

only 5 of 11 collection dates yielded greater concentrations
in the surface samples. These findings parallel those

reported in Lake Erie (Detroit Edison 1976).

The longshore spatial distribution of alewife larvae was

investigated in view of the proximity of 0.5-NMPE and

1-NMPE-20-ft and 40-ft sampling stations to the FitzPatrick
intake and discharge structures (Figure IVC-1). The great-
est abundances of larvae along both the 20 and 40-ft con-

tours, based on the grand mean over all dates and sample

depths for day collections, were reported at 0.5-NMPN and
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IN DAY COLLECTIONS
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the lowest at either 1-NMPE or 3-NMPE radii (LMS 1977,

Appendix VC-2a). Only on 18 August were larvae collected in
the greatest abundance at 0.5-NMPE radius and at both the 20

and 40-ft contours (Figure IVF-1). During the remaining

collection dates, larval abundances reported at this station
were within the range reported for all stations (LMS 1977,

Appendices VC-2a and VC-2b).

~ The greatest abundances of larvae over all dates and sample

depths in night collections were reported at 3-NMPE and

1-NMPE radii, respectively for both the 20 and 40-ft con-

tours '(LMS 1977, Appendix VC-2b). Larval abundances were

greatest at 1-NMPE radius on only 3 of 10 collections at the

40-ft contour and only 4 of 11 collections at the 20-ft
contour. On no date were maximum larval abundances reported

at 0.5-NMPE radius for either the 20 or 40-ft contours based

on the mean of surface, mid-depth and bottom samples for all
dates having a mean concentration over all stations of
greater than 10 larvae/1000 m . During August, the period

of peak larval abundances, no consistent spatial trend was

observed among the stations along either the 20 or 40-ft
contours (Figure IVF-2).

(ii) Rainbow Smelt (~Os ~es ~~~)

Rainbow smelt eggs were collected in the Nine Mile Point

vicinity from 21 April through 20 May in day collections and

only on 2 June in night collections. The greatest numbers

were collected on 29 April, when the concentrations per

sample ranged from 3 to 521 eggs/1000 m (LMS 1977, Appendix

VC-2c). The majority of the eggs were collected in the
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ABUNDANCE OF
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seasonal trend, but contained values ranging between 147 and

541 organisms/1000 m . The extremely high January 1976 abun-3

dance value (9,675 organisms/1000 m ) relative to results
from the rest of the sampling period is unexplained and is not
considered representative of a monthly average. An examination
of the day and night abundance collections (LMS 1977b, Appendix

VIIIC-1) shows the night abundances to be generally higher than

day measurements, possibly because of the increased suscepti-
bility of ~G gg~a to entrainment at night due to its upward

vertical migration.

The results of the ~G i~a s viability studies are given in Table
IVE-3 ( 1976 data summarized from LMS 1977b, Appendix VIIIC-2).
Observed intake mortalities were generally low with only 3 of
the 22 results exceeding 20$ mortality. Except on 20 October,
mortalities after 20 June did not exceed 5$ . Observed discharge
mortalities showed a trend of increased mortality during the
warmer summer months of July, August, and early September. Four

of the five (out of a total of 19) mortalities in excess of 50$

were observed during this period of relatively warm ambient
water temperatures. Observed mortalities for the remainder of
the sampling period were generally less than 40$ .

The in-plant simulation samples collected prior to 20 July
represent organisms subject to full plant passage and thus are
not representative of plume-entrained organisms. This would

explain the relatively high mortalities observed during this
period (Table IVE-3). The 3 and 2 F simulation samples col-
lected after June, representing plume-entrained organisms,
showed low mortalities (less than 20$ ). Negative mortalities
are a product of the calculation that removed sampling mortality
(i.e., intake mortality) from the simulation mortality, and

should be considered as representing essentially zero mortality
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TABLE IVE-3

MORTALITI OF ~OAMMARU ~ASCI TUS IN ENTRAINMENT COLLECTIONS

JAMES A. FITZPATRICK NUCLEAR POWER PLANT - 1976-1977

DATE

28 APR 1976

12 MAY

26 MAY

9 JUN
'I

23 JUN
28 JUN
20 JUL
29 JUL
11 AUG

25 AUG

8 SEP

27 SEP
20 OCT

17 NOV

19 DEC

1 JAN 1977
2 FEB

7 FEB

PHOTOPERIOD

INTAKE
MORTALITY

25
2

22
7

12
0
8

12
18
0
5
0
0.5
0.4
0
0

43
0
0
0
0
0

DISCHARGE
MORTALITY

19
38
12
27
20
27
32
30
17
16

100
57
61

67
33
31

9

56

3 F SIMULAT(ON
MORTALITY

NO SAMPLE
NO SAMPLE

31
22

LAKE SAMPLE

9
LAKE SAMPLE

LAKE SAMPLE
LAKE SAMPLE
LAKE SAMPLE

-5
1

-0.5
-0.4

0
0
4

0
0

11

13
20

2 F SIMULATPN
MORTALITY

NO SAMPLE
NO SAMPLE

9
28

0

83d
0

5d
54

1d

-5
0
1

-0.4
0
0

-68
0
0
8
7
0

a
b
April-December 1976 data summarized from LMS ( 1977b, Appendix VIIIC-2).
For in-plant simulations mortality due to collection removed from simulation mortality.

c
d

When lake sample collected no in-plant simulations - lake results given in 2 F column.
Lake sample results

— Not applicable, no organisms collected



surface samples at the western stations (1- and 3-NMPW-

20-ft and 40-ft) (LMS 1977, Appendix VC-2c). This observa-

tion is not in agreement with the demersal and adhesive

character of the eggs. Day/night comparisons could not be

investigated due to the limited data base.

Rainbow smelt larvae were collected in all day collections
from 13 May through 7 July and on 25 August, and in all
night collections from 2 June through 15 September (Table

IVF-2). The seasonal maxima occurred on 9 June for day

collections and on 2 June for night collections; the grand

mean over all stations and sample depths was 20.5 larvae/
1000 m and 18.7 larvae/1000 m , respectively (LMS 1977,

Appendices VC-2a and VC-2b). ,Concentrations at night were

greater than those observed during.day collections in 73$ of
the collections at the 20-ft contour and in 76$ of the
collections at the 40-ft contour. On 2 June, larval concen-

trations were greater at night than in 83$ of the day

samples taken at the combined 20 and 40-ft contour stations,
on 9 June, on the other hand, concentrations were greater in
day collections than at night in 69$ of the samples.

For those dates when mean lar val abundance at each depth

contour exceeded 5 larvae/1000 m , rainbow smelt larvae
were more frequently observed in higher concentrations in
night collections at the 20-ft contour than at the 40-ft
contour; however, for all dates combined for stations along

the NMPP transect, this onshore/offshore trend was not
substantiated (LMS 1977, Appendix VC-2b). There was a

slight trend of more larvae collected in the bottom samples

than the surface and mid-depth samples based on a comparison

among dates. Larvae were observed to remain close to the

bottom in Lake Erie (Detroit Edison 1976).
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The longshore spatial distribution of rainbow smelt larvae

was investigated from night collections (LMS 1977, Appendix

VC-2b) because of the low numbers of larvae collected during

the day (LMS 1977, Appendix VC-2a). Larvae were most

abundant at 3-NMPE and 1-NMPE along the 20-ft contour; no

apparent difference in grand mean concentrations over dates

and sample depths was observed between all stations along

the 00-ft contour. On two of five night collections,
rainbow smelt larvae were most abundant at the 1-NMPE-20-ft

station (Figure IVF-3). During the remaining collections,
the abundances at this station and at 0.5-NMPE-20-ft station
fell within the range of abundances reported for all sta-
tions (LMS 1977, Appendix IVF-2b).

Threespine stickleback larvae were collected on 28 July

only, and at only one station (3-NMPW-20-ft) (LMS 1977,

Appendix VC-2b). No eggs were collected.

0
(iv) Yellow Perch (~P

Larvae were collected on three dates (29 April, 22 May, and

21 July) with a maximum on 29 April, a day collection (LMS

1977, Appendix VC-2a). The greatest abundance of larvae

( 128 larvae/1000 m ) was reported at 1-NMPE-20-ft station.
No eggs were collected.

Johnny darter larvae were collected in the Nine Mile Point

vicinity only on 7 and 15 July in day collections, but from
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9/10 June through 2/3 September in night collections (Table

IVF-2). The greatest number of larvae collected in a day

collection was 10 larvae/1000 m (LMS 1977, Appendix VC-2a),3

whereas in night collections the grand mean over all sta-

tions and sample depths reached a maximum of 53.6 larvae/
1000 m (LMS 1977, Appendix VC-2b). The maximum recorded3

in night collections at any station was 1,.120 larvae/1000 m
3

and this was at 3-NMPE-40-ft station. In general, the

number of larvae decreased further offshore based on a mean

of the three sample depths; greater numbers of larvae were

reported from the bottom samples at the 20-ft depth contour.

Vertical spatial distribution was not apparent at the 40-ft
contour or beyond.

No eggs were collected in the lake collections in the Nine

Mile Point vicinity during 1976 (Table IVF-2).

(vi) Mottled Sculpin (~C~ t~~di)

Mottled sculpin larvae were collected in the Nine Mile Point

vicinity from 9/10 June through 10 August in night samples

and 28 July and 4 August in day collections (Table IVF-2).

Larvae were more frequently collected in night collections

than day collections and generally in higher numbers (LMS

1977, Appendices VC-2a and VC-2b). The maximum number of

larvae reported from a day collection was 7 larvae/1000 m ',
3.

whereas in night collections the maximum concentration
was 97 larvae/1000 m reported in the NMPP-60-ft bottom

sample. The seasonal maxima determined from night collec-
tions occurred on 16 and 23 July, a period when larval
abundances also increased from onshore to offshore along the

NMPP transect. Abundances were generally greater in the
!
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L

bottom samples than in the surface and mid-depth samples;

however, it should be stressed that the data base was

limited for. interpretation of spatial distribution.

(vie) Mh) te Perch (~Mor e ht)eeLChh)t)

White perch eggs were collected in the Nine Mile Point
vicinity in day collections on 13 May, 2 and 16 June,,and in
night collections on 16 June (Table IVF-2). Eggs were

collected only at the 20 and 40-ft contours along 1-NMPE and

at 0.5-NMPE-40-ft station; the maximum concentration was

5 eggs/1000 m (LMS 1977, Appendix VC-2c).3

White perch larvae were identified in day collections on

26 May, in day and night collections from 2 June through

25 August, and in day collections on 2 September (Table

IVF»2). The greatest concentrations of larvae collected
were 38 and 40 larvae/1000 m for day and night collec-3

tions, respectively (LMS 1977, Appendices VC-2a and VC-2b).

On the average, more larvae were found in night collections
than in the corresponding day collection. Based on a mean

of all stations and sample depths per date, more larvae were

collected at the 20-ft contour than the 40-ft contour.
Vertically, there was a trend of greater concentrations of
larvae at the surface at night and in mid-depth and bottom

samples in day collections.

2. S s Co
E I h

Abun a
kt

T 0 T

Samples for estimating species composition and abundance of en-

trained ichthyoplankton were collected from the intake bay of the

Nine Mile Point and FitzPatrick plants. Samples were collected both
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day and night twice a month fr om January through April and from

22 September through December 1976, and weekly from May through
8 September. Two samples were collected four times per day spaced

approximately six hours apart on each sampling date from January

through 8 September 'nd two samples twelve hours apart were col-
lected twice per day approximately on each date from 22 September

through December 1976. Intake samples were obtained with 0.5-m nets

equipped with 571 mesh. The nets were suspended in the intake
bays at 14 and 20 ft below the water surface at FitzPatrick and at
2 and 13 ft at Nine Mile Point. Discharge aftbay samples were also
obtained at FitzPatrick, however, this sample was part of the
viability program similar to that described for ~G i~us (See

Section IVE-2b). The collection method and sampling schedule
was distinct from the regular entrainment program. Due to the low

numbers of ichthyoplankton collected in the viability program these

studies did not provide useful information.

A total of 14 taxa, including three representative important spe-

cies, were identified in 1976 collections from JAF in-plant sampling

(Table IVF-3). Unidentified eggs and larvae might have increased

the species list slightly if they could have been identified.
Entrainment sampling data'ere summarized for the representative
important species, the other species were not collected in suffi-
ciently large numbers for interpretation. Of the representative
important species, impact assessment is restricted to alewife and

rainbow smelt; yellow perch larvae were only identified from three
samples ranging in concentration from 4 to 31 larvae/1000 m (LMS3

1977, Appendix VIIID-2a) and thus no assessment could be undertaken

due to the low numbers.

IV»71



TABLE IVF-3

V
a

NINE MILE POINT NUCLEAR STATION UNIT 1 AND JAMES A. FITZPATRICK NUCLEAR POWER PLANT. 1976

Family Clupeidae
Sl
2aruaam. zmmU.mm

Family Salmonidae
~uuuma. aehr~

Family Osmeridae
2amazua. uazdax

Family Cyprinidae
Muriam ~xM
X~gM sp.

Family Percopsidae

Family Gadidae

Family Cottidae
~ua. ~U.

.,Family Percichthyidae
Zueum amaLi~ um
5. z2zzaaua.

Family Percidae
Xhlemhuu. ahxum
Zazaa XL momus,

UID Species

Alewife ~
Gizzard shad

Cisco or Lake herring

Rainbow smelt ~

Carp
UID shiner

Trout perch

Burbot

Mottled sculpin

White perch
White bass

Johnny darter
Yellow perch ~
Walleye

FITZPATRICK
Lh 1K'%K

X
X

X
X

NINE MILE POINT
lJUKK XKR

X X
X X

X

Species from regular entrainment program; larvae are pro-larvae, larva and/or Juvenile stagea

According to A List of Common and Scientific Names of Fishes from the United States and Canada.
Amer. Fish. Soc. Spec. Publ. 6. 3rd ed.

/Representative important species



a. ~A

Alewife eggs were present in entrainment samples from 16 June to
11 August 1976 (Table IUF-4). There were two periods in which

eggs were collected in substantial abundance: from 23 June

through 21 July, when abundances ranged from approximately 1400

to 9800 organisms/1000 m , and on 4 and 11 August, when3

abundances were approximately 870 and 560 organisms/1000 m ,
3

respectively.

Alewife larvae were present in entrainment samples from 23 June

to 6 October 1976. Substantial numbers of larvae were collected
from 14 July through 25 August with a peak in abundance observed

on 4 August (Table IVF-4). The bulk of the larvae collected
were early life stages and relatively few individuals greater
Chan 15 mm were collected. Mansueti and Hardy (1967) defined
the larval stage as 5-16 mm and a prejuvenile stage from 17 to
approximately 27 mm. Except on 18 August and 1 September, life
stages beyond larvae made up a very small proportion of the
collections. The low abundance of prejuveniles and juveniles
may be the result of a movement of these stages away from the
intake area, active avoidance of the intake, or avoidance of
collecting gear in the plant.

The length frequency of alewife larvae collected from the lake
on 4 and 18 August shows good agreement with the length fre-
quency for plant collections on the same date (Figure IVF-4).
The lake collections of 4 August were dominated by early life
stages with few larvae greater Chan 12 mm, a pattern which is
similar to the length distribution observed in plant collec-
tions. On 18 August early larvae still predominated, but
substantial numbers of older larvae were collected, as they were
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TABLE IVF-4

MEAN ABUNDANCE+ OF EGGS AND LARVAE FOR RAINBOW SMELT LEWIFE
AND YELLOW PERCH IN ENTRAINMENT COLLECTIONS

JAMES A. FITZPATRICK NUCLEAR POWER PLANT - 1976

EGGS LARVAE
DATE

14 APR

28 APR

5 MAY
12 MAY

19 MAY
26 MAY

RAINBOW SMELT ALEWIFE RAINBOW SMELT ALE IFE YELLO PERCH

834
177

41

2 JUN
9 JUN

16 JUN
23 JUN

30 JUN

7 JUL
JUL
JUL

28 JUL

4 AUG

11 AUG
18 AUG

25 AUG

1 SEP
8 SEP

22 SEP

6 OCT
20 OCT

3 NOV

17 NOV

1 DEC

15 DEC

9
3060
8057

9807
3786
1435

80

867
562

6

5

35

15
137

20
300

2524
527
612
438

32
2
9

«Mean of all samples on each sampling date; number of organisms/1000 m



FIGURE IVF-4

LENGTH FREQUENCY OF ALEWIFE LARVAE

IN LAKE AND ENTRAINMENT COLLECTIONS
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in the plant collections on this date. In addition, both lake

and plant sampling began to capture larvae in the 3-5 mm size

range. These data indicate that the lake a'nd plant collections
sampled the early life stages in a similar manner.

Rainbow smelt eggs were present in plant collections from

28 April to 2 June, with the peak abundance on 28 April and

diminishing abundance thereafter (Table IVF-4) (LMS 1977,

Appendix VIID-1b). Smelt larvae were present from 12 May to

15 December (Table IVF-4). Rainbow smelt have a prolonged
period of development, and therefore, the specimens collected
during fall are classified as larvae, because individuals 50 mm

or more have the physical appearance of larvae. Concentrations

of smelt larvae were very low compared to alewife, but a peak of
abundance may have occurred on 9 June.

Yellow perch larvae were present from 28 April to 19 May in very

low abundance (Table IVF-4).

3. Est a En t e I t S

a. ~Awkfe

The estimated total numbers of alewife and rainbow smelt eggs

and larvae entrained at the Fitzpatrick plant were computed from

the day/night abundance data from the regular entrainment
sampling program (Tables IVF-5 through IVF-8). The concentra-

tions of eggs and larvae collected at, the intake forebay for
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TABLE IVF-5

ESTIMATED TOTAL ENTRAINED TOTAL IN WATERBODY SEGMENT AND PERCENT CROPPING OF ALEWIFE EGGS

JAMES A. FITZPATRICK NUCLEAR POWER PLANT - 1976

SAMPLING
WEEK

NO. OF

CIRC.
MATER
PUMPS

ACTUAL
FLO

MAXIMUM
FLOW

ESTIMATED TOTAL
ENTRAINED

ESTIMATED
TOTAL IN
WATERBODY

SEGMENT+

WEIGHTED

MEAN3
NO.

ESTIMATED
PERCENT CROPPING
ACTUAL MAXIMUM
FLOW FLOW

6-12 JUN
13-19 JUN
20-26 JUN

27 JUN-3 JUL
4-10 JUL

11-17 JUL
18-24 JUL
25-31 JUL

1-7 AUG
8-14 AUG

2/3
3

3/2
2
3
2

3/2
2
3
3

0 'I

4
11. 98 x 104

4245. 16 x 104
11273. 64 X 104
14816.31 X 104
4739.06 X 104
1841.02 X 104

97.80 X 104
1310.36 X ]Oi
849.89 X 10

0
13. 92 X 104

4953.68 X 104
13042.21 X 104
15874. 37 X 104
6128. 40 X 104
2322.90 X 101

129.66 X 104
1403.94 X 104
910. 06 X 10

909.30 X 104
4

19081.40 X 104
2394386.05 X 104

910013.95 X 104
19726751.16 X 104
33255239.53 X 104
14980034.88 X 101
6264620.93 X 104
1031776.74 X 10

44344. 19 X 10

0. 0001.
0.0022
0. 27
0. 10
2. 24
3. 37
1. 70
0. 71
0. 12
0 '050

0
0.06
0. 18
1.24
0.08
0. 01
0. 01
0. 002
0. 13
1.92

0
0.07
0. 21
1. 43
0.08
0. 02
0. 02
0. 002
0. 14
2.05

TOTAL 39185.22 X 10 44779.14 X 10 78627158. 13 X 10 0.05 0.06

«See text for definition of waterbody segment.



TABL 6

ESTIMATED TOTAL ENTRAINED TOTAL IN WATERBODY SEGMENT AND PERCENT CROPPING OF ALE IFE LARVAE

JAMES A. FITZPATRICK NUCLEAR POWER PLANT - 1976

SAMPLING
WEEK

NO. OF
CIRC.
WATER

PUMPS

ACTUAL
FLOW

ESTIMATED TOTAL
ENTRAINED

MAXIMUM
FLOW

ESTIMATED
TOTAL IN
WATERBODY

SEGMENT"

WEIGHTED
MEAN

NO. m

ESTIMATED
PERCENT CROPPING

ACTUAL MAXIMUM
FLOW FLOW

13-19 JUN
20-26 JUN

27 JUN-3 JUL
4-10 JUL

11-17 JUL
18-24 JUL
25-31 JUL

1-7 AUG

8-14 AUG
15-21 AUG

22-28 AUG

29 AUG-4 SEP
5-11 SEP

12-18 SEP
19-25 SEP
26 SEP-2 OCT

3-9 OCT

3/2
3/2

2
3
2

3/2
2
3
3
3

3
3
3

3

3

0
8.60 X 104

99.49 X 104
22 ~ 51 X 104

171.37 X 104
25.02 X 104

365.66 X 104
3813.09 X 101

795.92 X 104
924.94 X 10i
66$ .60 X 101

44.44 X 104
3.63 X 10

13. 60 X 10

3.58 X 10

0
10. 04 X 104

115. 09 X 104
24.12 X 104

221.61 X.104
31.57 X 101

484.81 X 104
4085.38 X 104

852.27 X 104
990. 99 X 104
708. 85 X 104
51.48 X 104
388X10

14.57 X 10

4.05 X 10

13.80 X 104
85.34 X 104

360.70 X 104
1453.93 X 104
1756.79 X 104
3273.71 X 104
3038.43 X 104

32064.21 X 104
13383.67 X 104
16090.29 X 104
3658.70 X 104
6077.16 X 101

118.40 X 104
703. 25 X 10

0.0004
0.002
0. 01
0.04
0.05
0 '9
0.08
0.85
0. 35
0.42
0. 10
0.16
0.003

0.02

0
10.08
27. 58

1. 55
9 75
0.76

12. 03
11. 89
5. 95
5. 75

18.08
0. 73
3.07

0
11. 76
31. 91

1. 66
12. 61

0 ~ 96
15. 96
12.74
6.37
6. 16

19-37
0.85
3. 28

TOTAL 6953.45 X 10 7598.71 X 10

«See text for definition of waterbody segment.



TABLE IVF-7

ESTIMATED TOTAL ENTRAINED TOTAL IN MATERBODY SEGMENT AND PERCENT CROPPING OF RAINBO>l SMELT EGGS

JAMES A. FITZPATRICK NUCLEAR PONER PLANT — 1976

SAMPLING
MEEK

NO, OF

CIRC.
MATERPUMPS'CTUAL

FLO
MAXIMUM

FLO

ESTIMATED TOTAL
ENTRAINED

ESTIMATED
TOTAL IN
WATERBODY

SEGMENT+

BIGHTED
MEAN

NO. m

ESTIMATED
PERCENT CROPPING
ACTUAL MAXIMUM

FLOM FLOM

18-24 APR
25 APR-l MAY
2-8- MAY
9-15 MAY

16-22 JUN
23-29 MAY

30 MAY-5 JUN

1203.35 X 104
4

255.84 X 104
54.91 X 10

0

12.99 X 104
2.17 X 10

l350.68 X 10
4

287.16 X 10„
65.56 X 10

0
13.92 X 10

2.43 X 10

2997. 67 X 104
22860.47 X 10

0
1739.53 X 10
7427.91 X 104

332.56 X 10
0

0.00034
0.00259
0
0.00020
0.00084
0.00004
0

5.26

3.l6
0
3. 9l

5.91

3.77
0
4.19

TOTAL 1529.26 X 10 l719.75 X 10 35358.14 X 10

«See text for definition of waterbody segment.



TABLE IVF-8

D E

JAMES A. FITZPATRICK NUCLEAR PONER PLANT — 1976

AMPLING
MEEK

NO. OF
CIRC.
MATER ACTUAL MAXIMUM

ESTIMATED TOTAL ESTIMATED
TOTAL ZN
WATERBODY

$

WEIGHTED

MEAN3

ESTIMATED
0

ACTUAL MAXIMUM

8-24 APR

$5 APR-1 MAY

2 8 MAY

9-15 MAY
6-22 JUN

23-29 MAY

30 MAY-5 JUN
6-12 JUN

13-19 JUN
20-26 JUN
27 JUN-3 JUL
4-10 JUL

11-17 JUL
18-24 JUL
25-31 JUL
1- 7 AUG
8-14 AUG

15-21 AUG
22-28 AUG

29 AUG-4 SEP
5-11 SEP

12-18 SEP
9"25 SEP

26 SEP-2 OCT
3- 9 OCT
0-16 OCT
7-23 OCT

24-30 OCT

31 OCT-6 NOV
7-13 NOV
4-20 NOV
1-27 NOV

28 NOV-4 DEC
5-11 DEC
2-18 DEC

3
3
3
3
3
3
3
3
3

3/2
2
3
2

3/2
2
3
3
3
3
3
3

3

"'

2

3
'

3

3/2

0
0
0
1.36 X 10¹
8.33 X 10¹
5.29 X 10¹
8.96 X 104

29 52 X loll
6.41 X 10
0
0
1.66 X 104
8.89 X 104
2.44 X 10
0

'0
1.51 X 104
1.66 X 10
0
1.54 X 10
0

1.81 X 10

0

:0

0

0

50.19 X 10

4.25 X 10

0
0
0
l.62
9.71
5.67

10.04
34.64
7. 4¹
0
0
l.78

11. 49
3.08
0
0
1.62
1.78
0
1,78
0

X 10¹
X 10¹
X 103
X 10¹
X 104
X 10

X 101
X 104
X 10

X 10

0

0

56.33

6. 15

X 10

X 10

1.94 X 10

945.'87 X 10¹
222.52 X 104
303.84 X 10»
283.52 X 10¹

34.74 X 10¹
229.69 X 104
299.71 X 104
112.17 X 104'1.03 X 104

96.98 X 104
53.68 X 10»
¹4.89 X 104
42.10 X 104
13.08 X 10

0
43.05 X 10

0. 0249
0. 0059
0. 0080
0. 0075
0.0009
0.0061
0.0079
0.0030
0.0003
0.0026
0.0014
0.0012
0.0011
0. 0003
0
0.0011

0. 95
13.27

2. 11
0
0
0. 72
2. 97
2.18
0
0
2.81
3.70
0

11. 77

1. 06
15. 57

2. 45
0
0
0.77
3.83
2.75
0
0
3.02
3. 97
0

13.61

133.82 X 10 153.29 X 10

~See text for definition of vaterbody segment.



individual depths and times were averaged to give a mean con-

centration per sample date. This mean concentration by date was

considered representative of weekly abundance and multiplied by

weekly plant flows to produce a weekly entrainment total. A

total estimate was obtained for both the actual flow conditions

in 1976 and the full flow condition to provide a "worst case"

estimate.

(i) Eggs

The total number of alewife eggs entrained ranged from

approximately 12 to 14,800 x 10 /week for actual flow
conditions and 14 to 15,800 x 10 /week for full flow4

conditions (Table IVF-5). The peak of egg abundance oc-

curred in the plant during the week of 4-10 July, while the

peak in lake abundance occurred during the week of 11-

17 July.

(ii) Larvae

The total numer of alewife larvae entrained per week ranged

from approximately 4 x 10 to 3800 x 10 for actual flow4

conditions and from 4 x 10 to 4100 x 10 for full flow4 4

conditions (Table IVF-6). The peak weekly abundance of
larvae in the lake occurred during the week of 1-7 August,

concurrent with peak abundance in entrainment collections.

(i) Eggs

An estimated total of 1200 x 10 rainbow smelt eggs were

entrained under actual flow conditions during the week of
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25 April to 1 May, which was the peak in abundance for 1976

(Table IVF-7). The weekly total dropped to zero during

16-22 May and was at a low level for the two following
weeks.

(ii) Larvae

The estimated total number of larvae entrained per week

under actual flow conditions was less than 10 x 10

except for the weeks of 6-12 June and 28 November to
4 December (Table IVF-8). The peak in lake abundance of
larvae was observed during the week of 30 May to 5 June,

with an estimated total of 946 x 10 larvae.4

Cr in R a Assess e Et i n I at

The estimation, of cropping rates and impact assessment is restricted
to alewife and rainbow smelt because other species, including the

other representative important species, were entrained in very low

numbers or were not found in the entrainment, program. In addition,
lake sampling for ichthyoplankton indicated low abundance of the

early life stages of all species except alewife and rainbow smelt

(See Section IVF. 1). The Nine Mile Point area does not appear to be

an important spawning and nursery area for most species.

For the purpose of estimating cropping rates and assessing impact, a

plant mortality rate of 100$ for both eggs and larvae of alewife and

rainbow smelt is used in subsequent calculations. This approach is
conservative in that the survival studies, which were inadequate to

provide a reliable estimate of percent mortality, did indicate some

survival after plant passage (LMS 1977, Appendix VIIID-2a). With

the assumption of 100$ mortality, the estimated total number of eggs
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and larvae entrained presented in Tables IVF-5 through IVF-8 repre-

sent the estimated total weekly mortality of these life stages.

c Esti

The estimated total number of alewife and rainbow smelt eggs

entrained per week under actual and full flow conditions was

compared with the estimated total present in the lake during the

same week. The area of the lake chosen for comparison was a

water body segment bounded by the extent of sampling (i.e.,
larval tows). This segment covers approximately 3.5 miles of
shoreline and extends outward to the 110-ft depth contour, which

is approximately one mile offshore. Sampling actually stopped

at the 100-ft depth contour but the computation of standing

crops extended the area to 110 ft because of the stratified
nature of the calculation.

The total number of eggs present in the water body segment was

computed by multiplying the mean concentration (number/1000 m )
3

from day (rainbow smelt) or night (alewife) collections for each

depth contour range (e.g., 0-30, 30-50, 50-70, 70-90, and 90-110

ft) by the volume for that depth range in the segment. The

totals for each depth range were summed to produce a water

body segment total from the stratified estimates.

Incubation time for alewife eggs is approximately six days at
the water temperature in Lake Ontario during peak spawning

activity. (See Section IVF.1). Weekly cropping estimates can

therefore be viewed as independent losses to the annual egg

production. Rainbow smelt egg incubation time was reported to

be 19 days at 9-10 C (48-50 F) for a population in the Miramichi

River, New Brunswick (Scott and Crossman 1973). Thus, weekly
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cropping estimates for rainbow smelt do not provide independent

estimates of losses of eggs. However, only three weekly esti-
mates, each two weeks apart, could be calculated (Table IVF-7).
The weekly oropping estimates presented may approach independent

estimates.

The estimate of lake standing crop was based on the collections
made with towed plankton nets, and therefore represents the
abundance of eggs in the water column at the time of sampling.
Alewife and rainbow smelt eggs are demersal and can be sampled

by plankton nets only for a short time immediately after being
spawned in the water column. The vast majority of eggs present
in the area of interest at any given time would be on the
bottom, and therefore estimates based on bowed net samples
would grossly underestimate the total present.

Studies in Lake Michigan in the vicinity of the Zion and Wauke-

gan Generating Stations included both net sampling and benthic
sampling of alewife eggs using a suction pump (Cima et al. 1975,

Methods p.7). Two transects were sampled intensively with 0he

pump during the period of peak alewife spawning and revealed
very large numbers of eggs present on the bottom. The Lake

Michigan data 'Cima et al. 1975, Tables 18 and 19; Appendix

Table C-38) were used to compute a ratio of water column abun-

dance to benthic abundance for a date which had data for both
the water column and benthos. A water column total was obtained
for each depth contour sampled by multiplying the mean concen-

tration (number/m ) by the depth of the water column in
meters. For the two transects combined, the water column totals
for each depth contour were summed and divided by the sum of the
total benthic eggs at each depth contour. The ratio of water
column egg abundance to benthic egg abundance was 0.0043. This
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factor was applied to the water column abundances for both
alewife and rainbow smelt in the Nine Mile Point vicinity to
provide an estimate of the total number of eggs present. Since

rainbow smelt eggs are demersal and adhesive, application of the

ratio for alewife eggs is a reasonable approach for this spe-.

cies. The~weekly lake abundances of eggs presented in Tables
IVF-5 and IVF-7 were developed using the above procedure.

Extremely low percentages of the -weekly standing crops of
alewife eggs were lost to entrainment (Table IVF-5). The

overall seasonal cropping rates under actual and full flow
conditions were 0.05 and 0.06$ , respectively. The weekly
cropping of rainbow smelt eggs was on the order of 3-5$ for
actual flow conditions and 4-6$ for maximum flow (Table IVF-7).
The annual cropping rates for these two flow conditions were

4.33 and 4.86$ , respectively for rainbow smelt eggs.

b. E C n E ui A u s

The estimated total number of alewife and rainbow smelt eggs

entrained was compared with the average fecundity of these
species in Lake Ontario as determined during the 1976 study

. program. The comparison provides perspective on the loss of
eggs (assuming 100$ mortality) by expressing the loss in terms

of adult fish.

The average total number of eggs per female by size group is
presented in Tables IVF-9 and IVF-10. The fecundity data for
the control and experimental sites and for the different size
groups were combined to produce a mean total number of eggs per
female for each species. For alewife the mean total number of
eggs was 26,272 and for rainbow smelt, 24,288.
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TABLE IVF-9

FECUNDITY OF ALEWIFE

NINE MILE POINT VICINITY - JUNE-JULY 1976

AGE

CONTROL SITE

NUMBER OF
FISH

T TAL LENGTH
MEAN RANGE

TOTAL EGG OVAR

STANDARD
MEAN DEVIATION

T REEGGSO AY
STANDARD

MEAN DEVIAT ON

IIIII
IV
V

15
15
,15

6

156 145 — 170
157 129 — 179
170 157 - 181
168 156 - 180

23435
28779
27211
26914

7309
8199
6713
6662

12052 3243
14329 3776
15333 2905
13750 3114

II. EXPERIMENTAL SITE
TOTAL G VARY TURB EGGS OVARY

I
I

V

V

NUMBER OF
S

15
15
15
11

TOTAL LENGTH m

RANGE

157 129 «168
152 130 - 172
166 137 - '180
167 137 - 184

21756
24653
27333
30097

STANDARD
0

5889
8253
8367
9144

STANDARD
DEV 0

11763 2840
13547 4216
14740 3917
16429 4469

P

aBottom Gill Net:
bSurface Gill Net:
Bottom Gill Net:
Surface Gill Net:

NMPE 15' NMPE 30', NMPE 40NMPW-15', NMPW-30',
NMPW-40',

NMPE-40'MPP

15 ) NMPP 30 ) NMPP 40 ~FITZ 15 ) FITZ 30 ) FITZ 40
NMPP-40' FITZ-40'



TABLE IVF-10

EC NDI 0 AIN LT

NINE MILE POINT VICINITY - APRIL-MAY 1976

AGE

N R L SITE

NUMBER OF
FISH

TOTAL LENGTH
MEAN RA GE

TOT L EGGS 0 ARY

STANDARD
ME N DEV ION

IIIII
IV
V
VI

7
15
14
12

5

.153
168
207
231

137 - 154
142 - 172
145 » 209
163 - 248
211 - 264

9041 1688
11764 3558
16261 6398
36895 20105 "

55477 20241

EXPERIME TAL SI E

TOT EGGS OVA
NUMBER OF

FISH
TO AL LENGT

MEAN
STANDARD
D ION

IIIII
IV
V
VI

10
15
16
15

3

145
157
165
209
224

133 - 162
137 - 215
146 - 193
158 - 250
222 - 228

10049 1876
13949 7092
15614 4408
33490 15030
40344 4885

Bottom Gill Net: NMPW-15', NMPW-30', NMPW-40', NMPE-15',
NMPE-30',

NMPE-40'urfaceGill Net: NMPW-40',
NMPE-40'BottomTrawl: NMPW-20', NMPW-40',

NMPE-40'ottomGill Net: NMPP-15', NMPP-30',
NMPP-40'urfaceGill Net: NMPP-40',

FITZ-40'ottom

Trawl: RPP/FITZ-20', NMPP/FITZ-40'



TABLE -ll
ESTIMATED TOTAL ENTRAINED TOTAL IN WATERBODY SEGMENT AND PERCENT CROPPING OF ALEWIFE LARVAE

NINE MILE POINT UNIT 1 - 1976

SAMPLING
WEEK

NO. OF

CIRC.
WATER

PUMPS

ACTUAL
FLO

MAXIMUM

FLOW

ESTIMATED TOTAL
ENTRAINED

ESTIMATED
TOTAL IN
WATERBODY

SEGMENT%

WEIGHTED
MEAN

NO. m

ESTIMATED
PERCENT CROPPING
ACTUAL HAXIHUM
FLOW FLOW

13-19 JUN
20-26 JUN

27 JUN-3 JUL
4-10 JUL

11-17 JUL
18-24 JUL
25-31 JUL
1- 7 AUG

8-14 AUG

15-21 AUG

22-28 AUG

29 AUG-4 SEP
5-11 SEP

12-18 SEP
19-25 SEP
26 SEP-2 OCT

3- 9 OCT

10-16 OCT
17-23 OCT

0
0
4.19 X 104

13.19 X 104
54.70 X loi
8.69 X 1O„

14.72 X 104
475.20 X 104
113.24 X 104
367.50 X 104
133.50 X 104
114.88 X 104

3.97 X lo

11.90 X 10

0.99 X 10

0.99 X 10

0-
0
4.47 X 104

14.07 X 104
58.36 X 104

9.27 X 104
15.71 X 104

524.54 X 104
125.00 X 104
405.65 X 104
147.36 X 104
126.53 X 104

4.36 X 10

13.09 X 10

1.09 X 10

1.09 X 10

13.80 X 104
4

85.34 X 104
360.70 X 104

1453.93 X 104
1756.79 X 104
3273.71 X 104
3038.43 X 104

32064.21 X 104
13383.67 X 104
16090.29 X loi

3658.70 X 104
6077.16 X 104
118.40 X 104
703.25 X 10

O.OOO4
0. 0023
0.0095
0. 0383
0. 0463
O. O863
0.0801
0.8454
0.3529
O.4242
0.0965
0.1602
0.0031
0.0185

0
0
1.16
0. 91
3.11
0. 27
O.48
l. 48
O. 87
2. 28
3. 65
1. 89
3. 35

0
0
1.24
0.97
3. 32
O.28
0. 52
1.64
0.93
2. 52
4. 03
2.O8
3. 68

OTAL 1317.66 X 10 1450.59 X 10 8207.38 X lO

"See text for definition of waterbody segment.



TABLE IVF-12

ESTIMATED TOTAL ENTRAINED TOTAL IN WATERBODY SEGMENT AND PERCENT CROPPING OF RAINBOW SMELT EGGS

NINE MILE POINT UNIT 1 - 1976

SAMPLING
MEEK

NO. OF
CIRC.
WATER
PUMPS

ACTUAL
FLOW

MAXIMUM
FLO

ESTIMATED TOTAL
ENTRAINED

ESTIMATED
TOTAL IN
WATERBODY

SEGMENT+

WEIGHTED

MEAN3
NO.

ESTIMATED
PERCENT CROPPING
ACTUAL MAXIMUM
FLOW FLOW

18-24 APR

25 APR-1 MAY
2-8 MAY

9-15 MAY
16-22 MAY

23-29 MAY

30 MAY-5 JUN
6-12 JUN

146.94 X >04
4

51.02 X 104
25. 87 X 10~
0.92 X 104
4.60 X >04
7.26 X 104

38.85 X 10

158.27 X 104
4

54.43 X 10~
27.60 X 10~
0.98 X 104
4.91 X 104
7.74 X 10J

41.45 X 10

2997.67 X 104
22860.47 X 10

0
1739.53 X 104
7427.91 X 104

332.56 X 10

0
0

0.00034
0.00259

0.0020
0.00084
0.00004
0
0

0.64

1. 49
0.01
1.38

0.69

1.59
0. Ol
1.48

TOTAL 275.46 X 10 295.38 X 10 35358.14 X 10 0.78 0.84

«See text for definition of waterbody segment.



TABLE IVF-13

ESTIMATED LAKEWIDE CROPPING OF ALEWIFE AND RAINBOW SMELT LARVAE

JAMES A. FITZPATRICK POWER PLANT AND NINE MILE POINT UNIT 1 - 1976

I. ALEWIFE
TOTAL NUMBER ENTRAINED X 10 PERCENTAGE CROPPED

FITZ
ACTUAL MAXIMUM

FLOW FLOW

6953 7599

FITZ AND NHP

ACTUAL MAXIHUM
FLOW FLOW

8270 9050

LAKEWIDE
4

TOTAL X 0

3490479

FITZ
ACTUAL MAXIMUM

FLOW FLOW

0.20 0.22

FITZ AND NHP

ACTUAL MAXIMUM
FLOW FLOW

0.24 0.26

I RAINBOW SMELT

134 153 191 215 81149 0.17 0.19 0.24 0.26



The estimated total number of eggs entr ained for each species

was divide'd by the mean total number of eggs per female to
determine the average number of females required to produce the

total eggs lost to entrainment. The entrainment of 39, 185 x 10

(actual flow conditions) alewife eggs is equivalent to the

spawning of 14,915 average female alewives. Under conditions of

maximum flow the egg loss is equivalent to the spawning of
17,044 average females. The values for actual and maximum flow

conditions for rainbow smelt are 630 and 708 average females,

respectively. These numbers represent extremely small percent-

ages of the stock estimates for these species given in a later
section (Table IVG-15). Assuming that only 25$ of the standing

stock are mature females the above numbers would represent

0.0055 and 0.0026$ of the alewife and rainbow smelt mature

females in the Oswego Sector (Table IVG-15) based on the ad-

)usted stock estimates. The assumption of 25$ mature females is

believed to be conservative since the standing stock estimates

are composed of primarily older fish (see Section IVG).

c. C i E i t

Plant cropping estimates for alewife and rainbow smelt larvae

were based on the water body segment descr ibed in Section

IVF.4a and on an estimate of the lake-wide larval standing

crops of these species from night collections. A lake-wide

cropping estimate was developed because alewife and rainbow

smelt are distributed throughout the lake and apparently use the

entire shoreline for spawning. Fishery and impingement sampling

at widely spaced locations on Lake Ontario on both the United

States and Canadian sides has shown the alewife and rainbow

smelt to be abundant at all locations. CDM/Limnetics ( 1977)

summarized entrainment and impingement studies at power plants
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on Lake Michigan and found all life stages of alewife and

rainbow smelt to be widely distributed in that lake. Wells

( 1974) studied the distribution of fish fry along the shores of
central and southern Lake Michigan and found alewife larvae

distributed throughout this area (approximately 2/3 of Lake

Michigan). Alewife. larvae were more abundant on the east shore

than the west shore, but this difference was probably due to
upwellings on the west shore which carried larvae out of the

study area. Rainbow smelt larvae were less abundant than

alewife larvae, but they were also distributed throughout the

study area.

Because the duration of the larval stage is more than one. week,

weekly cropping estimates cannot be summed to produce an esti-
mate of total cropping. For this analysis, total entrainment

will be compared with an average lake standing crop during the

peak of larval abundance. This approach is conservative because

the actual total present in the water body segment thoughout the

larval .period would have been greater than the average during

peak abundance. The mean concentration of alewife larvae was

57 larvae/1000 m at the 100-ft contour for all samples com-3

bined (LMS 1977, Appendix VC-2b) indicating that larvae were

present beyond the water body segment boundary. Rainbow smelt

larvae were also found at the 100-ft contour but in much lower

concentration than alewife larvae (LMS 1977, Appendix VC-2a).

However, rainbow smelt larval abundance demonstrated no real
onshore-offshore trends (page IV-67). These larvae were not

accounted for in the computation of cropping rate, thereby,
adding an additional conservative factor to the estimate.

The standing crops of larvae in the water body segment were

calculated in the same manner as described for eggs except that
only night collections were used. As described for eggs, the
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sampling extended to the 100-ft depth contour, but the computa-

tion of the water body segment extended the area to the 110-ft
contour.

d 0 B S e C

The weekly cropping estimates for alewife larvae in the water

body segment of interest ranged from less than 1$ to approxi-

mately 28$ for actual flow and from less than lg to 32$ for
maximum flow conditions (Table IVF-6). Weekly cropping esti-
mates for rainbow smelt larvae ranged from 0 to 13$ for actual
flow and from 0'o 16$ for maximum flow conditions (Table
IVF-8). While these estimates cannot be summed to produce a

seasonal cropping percentage, they do indicate the rate of loss

of larvae for weekly time units in the vicinity of the Fitz-
Patrick plant.

During their period of maximum abundance in the vicinity of Nine

Mile Point (1 August to 4 September), alewife larvae had a mean

weekly abundance of 14,255 x 10 . Cropping percentages based4

on total alewife larvae entrained in 1976 were 49$ for actual
flow and 53$ for maximum flow (Table IVF-6). Rainbow smelt

larvae had a mean weekly abundance of 331 x 10 during the4

period of peak abundance (30 May to 17 July) in the vicinity of
Nine Mile Point. Annual cropping percentages of 40$ for actual

flow and 46$ for maximum were obtained from the estimated total
entrained during 1976. The conservative nature of this calcula-
tion should be emphasized in that the standing stock estimates

do not account for the natural offshore movement of larvae by

upwellings and offshore drift.,
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e. L ke-wide Cr i

A lake-wide standing crop of alewife larvae was computed from
the mean abundance of larvae during the period of peak abundance

4(14,255 x 10 ) at Nine Mile Point and the ratio of the water
body segment shoreline length (3.5 miles) to the total shoreline
length for Lake Ontario (857 miles; Hutchinson 1957).

An estimated total of 3,490,479 x 10 alewife larvae were4

present in Lake Ontario in an area around the entire perimeter
of the lake and extending outward to the 110-ft depth contour.
Lake-wide cropping estimates were based on the total number

entrained at the FitzPatrick plant and for the total entrained
at FitzPatr ick and Nine Mile Point Unit 1 combined. The lake-
wide cropping estimates were restricted to FitzPatrick and Nine

Mile Point because entrainment estimates for other plants on

Lake Ontario were not available. Entrainment estimates for
alewife larvae at the Nine Mile Point plant are presented in
Table IVF-11. A similar calculation was performed for rainbow
smelt larvae and a lake-wide estimate of 81,149 x 10 larvae4

was obtained (see Table IVF-12 for total rainbow smelt entrain-
ment at Nine Mile Point Unit 1).

Lake-wide cropping estimates for larvae of alewife and rainbow
smelt were very low for both FitzPatrick alone and FitzPatrick
and Nine Mile Point plants combined (Table IVF-13). The Nine

Mile Point plant entrains few alewife larvae compared to the
FitzPatrick plant, and therefore., makes a small contribution to
the combined lake-wide cropping estimate. Nine Mile Point's
contribution to the combined cropping estimate for rainbow smelt
was greater than for alewife.
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5. I L a C

When egg abundance data were corrected for undersampling of benthic

eggs, the water body segment cropping percentages were extremely low

for both alewife and rainbow smelt. Considering the demersal nature

of the eggs of both species, a low percentage cropping of eggs

is indicated. The egg cropping, in terms of the number of average

mature females required to produce the eggs lost (page IV-79),
indicates that this loss represents a very small fraction of the

spawning potential of these populations, which certainly have

the ability to offset the small egg losses.

Water body segment cropping of larvae based on an average maximum

standing crop produced percentages which would be considered serious

if the conservative nature of the calculations were not considered.

The most important factor that would reduce the cropping percentage

substantially is the larvae which were not accounted for in the

average standing crop. The total actually present would certainly
'\

be greater than the average. In addition, only those larvae inside
the ll0-ft depth contour were included. The assumption of l00$

plant mortality increases the estimated cropping over that which

actually occurs.

I'hepro)ection of plant cropping on a lake-wide larval population
basis is-a very rough estimate, being based on an average standing

crop for only a very small portion of the total potential spawning

area. The actual larval population density would be expected to
vary significantly from place to place along the shoreline. How-

ever, the lake-wide cropping estimates provide a rough estimate for
the lake as whole, which is an important perspective for impact

assessment. The lake-wide cropping estimates are very low, and are

conservative because the same factors which affected the standing

crop estimate for the. water body segment apply to the lake-wide

estimate.
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In the following section (IV.G) the lake-wide abundance of alewife,
as determined from Yankee trawl data, was given as 26.63 x 10

(adjusted for undersampling). When this is compared to the lake-
wide abundance of larvae estimated in this section (34.90 x 10 ),9

it appears that the number of larvae in the lake is gr ossly under-
estimated. One would except that if the lake-wide abundance of
older age groups is reasonably accurate, a much greater number of
larvae would be produced. If larval abundance has been underesti-
mated as suggested here, the larval cropping percentages would

actually be much lower.

The combined cropping of eggs and larvae of alewife and rainbow
smelt would remove an extremely small percentage of the reproductive
potential of these populations. This small loss will not have an

adverse impact on these populations, because, as discussed in the
following section, they undoubtedly have the compensatory potential
to offset these minimal losses.

G. FISH

1. Lak M i o P

Fish communities in the Oswego and Nine Mile Point area of Lake

Ontario were sampled intermittently by Storr with gill nets and trap
nets from 1969 to 1972 (Storr 1973). From 1973 through 1976 inten-
sive sampling has been conducted with gill nets, trawls, and beach

seines. Gill net collections from 1973 through l975 have been done

along four transets (Figure IVG-l) twice per month (spring, summer

and fall) with surface and bottom nets set at the 15, 30, 40, and

60-ft depth contours. Nets were set and retrieved once every
12-hours for 48 consecutive hours. During 1976, sets were made

along the same four transects at the 15, 30, and 60-ft contour on

the bottom both day and night, and night surface and day bottom gill
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nets were set at the 40-ft contour; also twice per month. Trawls
were conducted along the eastern and western most transects and

along the NMPP/FITZ transect twice monthly at the 20, 40, and 60-ft
depth contours. Beach seines were used at the foot of each transect
once per month. Gill net catches were converted to catch/12-hr,
trawl catches to catch/15 minutes and seines to catch/haul.

Annual average catch/effort data for each gear type are presented in
Tables IVG-1 through IVG-3 for 1974, 1975, and 1976, respectively to
illustrate the fish community success over these years.

The 1975 and 1976 gill net catch/effort data for nets set at similar
locations and for similar time periods over the two years are pre-
sented in Table IUG-4. Comparable catches were observed for pre-
operational and postoperational periods.

During the 1974 and 1975 FitzPatrick studies, an otter trawl was

used for trawling, yielding relatively few fish compared to trawling
conducted by the New York State Department of Environmental Conser-
vation (NYSDEC) which used a standard Yankee trawl. During 1976 a

standard Yankee trawl, similar to that used by state and federal
agencies, was employed for 'the collection of forage fish species,
such as the alewife, rainbow smelt, Johnny darter, and spottail
shiner, in the Nine Mile Point ar ea. However, this gear was res-
tricted to only two sample locations in the study area by bottom

topography. The limited sampling precluded comparison of the catch
per unit effort with those obtained by NYSDEC.
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TABLE IVG-1

FISH COLLECTED BY SHNES TRAWLS AND GILL NETS

NINE MILE POINT 1974

Seines Surface Trawl Bottom Trawl Total Trawls Surface Gill Nets Bottom Gill Nets Total Gill Nets TOTA
Cozz>en Name

Alewife
Rainbow smelt
Spottail shiner
Emerald shiner
Mottled sculpin
Thrccspine stickleback
Trout perch
Yellow parch
White

perch'hite

sucker
White bass
Rock bass
Smallmouth

bass'izzard

shad
Johnny darter
Brown bullhead
Lake chub
American ecl
Sea lamprey
Pumpkinsced
Carp
Black crappie
LonBnose dace
Brown trout
Stonecat
Chinook salmon
Yellow Bass
Golden shiner
Gar
Freshwater drum
Burbot
Walleye
Brook silvcrside
Redf in pickerel
Lake trout
Rainbow trout
Coho salmon
Northern hogsucker
Shallow water cisco
Bowfin
Channel catfish
No em pike

3351
2

14
77

1

~
108

679
67

4
23

1
16

t/effort

2. 35
0. 23
0 F 01

. 0.08
'< .01
0.05

3 0.01

1 < .01

1 .0.01

2517>

109
13
.7

5

5

5

effort

8.67
0.39
0.04
0.02
0.02
0.02
0.02

0.02

0.01

0.02
0.02

< .01

< .01

319
17
I
3

effort

5.41.
0.31
0.03
0,05
0.01
0.03
0.01

0.01

< .01

0.01
0.01

< .Ol

< .01

< .01

36, 917
5, 622

50
1

'3
IQ

100

25
1
3

573

4

1
1
.4

60

16

21
10

c ort

41. 97
4;32
0.04

< .01

< .01
0.01
0.11

0.03
< .Ol
< .01
0.54

< .Ol
< .01
< .01
< .01

0.08

0.02

< .01
< .01

0.03
0.01

< .01

< .01
< .Ol

31>113
5902.
5,377

1
17

2
512

1,558
3>023

660
29

211
261
427

2
58

167
2
2

12
1
1

15
85
15

~ 1

1

3
1
3

ort

30.74
3.63
3.98

< .01
0.01

< .01
0 '9
1. 52
3.01
0.57
0.03
0.21
0.27
0.37
0.01
0.07
0.14

< .01
< .Ol
0.01

< .01
< .01

0.02
0.05
0.02

< .01

< .01
< .01
< .01
< .01

< .01
0.01

< .01
< .Ol
< .01

< .01
< .01

effort

68>030
11>524
5,427

2
17

2

515
1,568
3,123

660
54

212
264

1,000
.2

62
168

3
6

12
1

1

35.57
3. 93
2. 29

< .01
0.01

< .01
0.28
0.87
1. 77
0. 32
0.03
0.12
0.16
0.45
<,01
0.04
0.08

< .01
<'.01

.01
< .01
< .01

75
85
31

1
1

~ 3
3
1
3

0.04
0.93
0.02

< .01
< .01
< .01
< .01
< .01
< .01

< .01
0.02
0.01

< .01
< .01
< .01
< .Ol
< .01

4
25
13

2
1
1

3
5
1

GIUM)

< .01

TOTAL

74526
11 702

5458
109

23
29

520
15 69
3238
660

54
214
271

1005
8

64
168

5
6

15
1
1

1
75
85
32

1
5
4

3

1
3
1

1
4

25
13

2
1

1

3
5
2

,917

2 Con

7460
ll.71

5.60
0>15
0.02
0.03
0.53
1. 50
3. 24
0.68
0.06
0.22
0.28
1.03
0.01
0.07
0.17
0.01
0.01
0.02

< 0.01
< 0.01
< 0.01

0.08
0.09
0.03

< 0.01
0.01

< 0:01
< 0.01
<0.01
< 0.01
<0.01
< 0.01
< 0.01

0.03
0.01

< 0.01
< 0.01
< 0.01
< 0.01

0.01
< 0.01



TABLE IVG-2
.'OTAL

FISH ABl!HDAHCE COLLECTED BY SEIHES TRAWLS AND GILL NETS g

NINE MILE POINT VICINITY- 1975

COMMON NAME

SEINE

HOr
(TRANSECTS) NO+

CATCH
EFFORT

SORFACE TRAWL

NO.
CATCH
EFFORT NO.

CATCH
EFFORT

BOTTOM TRAWL TOTAL TRA'WLS SURFACE GILL
NETS

CATCH
EFFORTNO ~

BOTTOM GILL
NETS

CATCH
EFFORTNO ~

TOTAL GILL
NETS

CATCH
EPFORTNO. NO.

TOTAL *

Alewife
Spottail shiner

7055
51

1981 6.47 1684
43

5.50 3665
430. 14

5.99
0.01

35462 43.73 14146
147 0.18 8 52

12.63
1.13

49608 25.69
199

60328 75.09883T
White perch
Ra inbow smelt
Ye l low erch

15

22

0.01
0. 19

38
17

0. 12

0 ~ 57
41

233
0.07
0 '8

115
8 0

0.1
1.06
0.02

3715
893

100

%3s 32
0 ~ 80

3830 1.9
1153 0.91
018 0.

r.B
2 ~

.2'izzardshad
Trout-perch
White sucker

0.01
0.01 2)

0.0
0.01

21 0.03
0.04

398 0.49
2 <0.01
9 0.01

451
657
63

0. 0
0.59
0.51 45 0.33

849 0.44
59 0.34

18
681
652

.09
0. 5

0.
Srrrailmouth bass 15 0.02 ~ 413 0.37 428 0.22 432 0.54
Rock bass 0.01 <0.01 5 0.01 289 0.26 294 0. 15 296 0.31
Brown trout
Threes pine

st ickleback
Lake chub
White bass
Brown bullhead
Johnnv darter
Mottled sculpin
Stonecat
Ecreraid shiner
Coho salmon
Coldun shiner
Chinook salrrron

65

12

0.15

0.01

0.03

48 0. 16

0.02

88 0.29
8 ~ 0.22

94

68

14

0.15

0.01

0. 14

0. 11

.0.02

0. 14

0.01
23 0.03

3 <0.01

1 0.01

31 0.04

11 0.01

125
13

10

77

14

0.06

<0.01
0. 11
0.07
0.08

0 ~ 01
0.01

0.01
<0.01
0.0

182 0.09

1 <0.01
131 0.07
96 0.05
92 0.05

10 0.0
78 0.04

45 0.02
1 <0.01

0.022

182

160
133
97
92

78
78

51
40
29

.2

0.20
0. 17

0. 12

0. 1

0. 11

0. 10
0. 10
0.0
0.07
0.05
0.04

Lake trout
Rainbo~ trout
Pucrpkinseed
Car

0.01
14 0.02

1 <0.01
2 <0.01

27 0.02
<0.01
0.01
0.01

28
18

15

10

0.0
r'.01

0.01 r

0.01

28
18
17

14

0.0
0.02
0.02
0.02

Acrerican eel
Larrerrrouth bass
Pres!rwatur drurs
Burbot
Longrrose dace
LonRnose ar

12

0.01 .02 0.0

0.01
1 <0.01

4 <0.01

10

0.0

0.01
0.01

<0.01

5 ~ 0.01

11 . 0.01
9 r <0.01

5 <0.01

. 13

12
~ 2

0.01
0.0)-
0.01
0.0
0.01



TABLE XVG-2 (COhT)

TOThL PISH ABllNDhHCE COLLECTED BY SEIHES TRhMLS hHD DILL NETS

HIHE HIIE POINT VICINITY 1975

CO}QSN NAHE

SEINE

HO.
(TRANSECTS) ~ NO.

CATCH
EFFORT

SURFACE TRAVEL.

NO.
CATCH
EFFORT

BOTTOH TRAWL

NO.
CATCH
EFFORT

TOTAL TRAILS

HO.
CATCH
EFFORT

SURFACE GILL
-NETS

NO.
CATCH
EFFORT

BOTTOH CILL
NETS

NO.
CATCH
EFFORT

TOTAL GILL
NETS TOTAL *

HO. Z

Brook
stickleback

Sea lam re
Northern ske
Hallo e
Black cra xe
Northern

horsucker
S lake trout
Banded killtfssh
Blucaill sunfish
Boufsn
Brook trout
'hnnnel catfish
Cl see

or'ake herrin
fathead msnnov
oldfish
on nose sucker
edfin ickcrel

Salver minnou
ad ole vadtom
o erch

Bridle shiner
l.nku chubsucker

<0.01 1 <0.01
0.

0.0

0.01

0.
0.

3 <0.01
0.01

2 <0.61
1 <0.0

1 <0.01

0.

1 <0.01

1 <0.01
1 <0.0
) <0.01

0.0
3 <0.01

0.0

2 <0.01
2 0.01

1 <0.01

<0.01
1 <0.01

1 <0.01

<0.'Ol
1 <0.01
1 <0.01

4 <0.01

0.01
3 <00
2 0.01

2 <0.01
2 0.0

0.01
1 <0.01

<0.0
1 <0.01
1 <0.01

1 <0.01
<0.01

1 <0.01
1 <0.01

<0.01

* Expurimi ntal seincs not included in total number end percent
- Hol. nppl icnble

0



-.TABLE 3

TOTAL PISH COLLECTED BY SEI S TRAMLS AHD GILL NETS

HINE HILE POINT VICINITY- 1976

SPECIES

SEINE

TOTAL CATCH/
CATCH HAUL

DAY TRAMIP NIGHT TRAMP TOTAL TRAMLSe

CATCH CATCH CATCH/
TOTAL 15 HIN TOTAL 15 HIN TOTAL 15 HIM
CATCH EFFORT CATCiI EFFORT CATCH EFFORT

TOTAL
CATCH

CATCH/

12 HR.
EFFORT

BUTTON GILL NETS

CATCH/

12 HR
CATCH EFFORT

TOTAL
CATCH

CATCH/

12 HR
EPPORT

TOTAL
CATCII

SURPACE GILL NET TOTAL CILL NETS TOTAL ALL CEARS

ALEMIPE
RAINBOM SMELT
SPOTTAIL SHINER
JOHNNY DARTER

MHITE PERCH

TROUT-PERCH
GIZZARD SHAD

YELLOM PERCH

THREESPINE STICKLEBACK
'UNITE SUCKER

EMERALD SHINER
ROCK bASS
SHALIBOUTH BASS
MHIIE BASS

COLDEh SHINER
BROMN TROUT
LAKE CHUB

HOTTLED SCULPIN
SPIAKE (H?brld Trout)
BROMH BULLHEAD
STONECAT
COHO SAD!OH
CHINOOK SALHON

LAKE TRCUT
RAINED'M TROUT
PUHPKINSEED
CARP

AHERICAN EEL
LARCEHOUTH BASS

FRESHMATER DRUH

BURBOT

LONCNOSE DACE

LOHCNOSE CAR
BROOK STICKLEBACK
SF% IAHPREY
NORTHERN PIKE
HORTHERH HOG SUCKER
BLUEGILL
BOMFIN
BROOK TROUT
CHANNEL CATFISH
CISCO OR LAKE HERRING
GOLDFISH
LOCPERCH
SALVELINUS SPa
BLUNThOSE HINNOM
UID SALWHIDAE

TOTAL (ALL SPECIES)

12659 186.16
15 Oe22
30 0.44

0$ 0.96

1632 24+00
28 0.41

446 6.56

$ 34 7.85

91 1.34
140 2.06

5 0.07

20 0+29
2 0+03

5 0+07

1 0.01

3 0+04

1 0+01
4 0.06

15681

6051 39.42
5871 38.37

838 5.48
478 3.12

39 0.25
936 6.12

2 0.01
22 0.14

199 1.30
I 0.01

27 0.18
I 0+01

5 Oo03

1 0+01

4 Oo03
1 0.01
1 0+01

I 0.01

I 0.01

14479

3131 20. 87
2124 14.16

526 3+51
3069 20.46

171 1.14
646 4. 31

4 0.03
38 0.25
14 0.09
17 0.11
I 0.01
3 0.02
2 0.01
9 Oo06

72 0+$ 1

1 OoOI

1 0+01

1 0.01

9830

9182 30.30
7995 26.39
1364 4.50
3547 11.71

210 0.69
1582 5o22

6 Oo02
60 0.20

213 0.70
18 Oo06
28 0,09

4 0.01
2 0.0114'+05
1 <0.01

76 0 '5
2 0.01
1 <0.01

1 <0+01

1 <0+01

1 <0.01

1 <Oo01

24309

13308
1559
8112

I
2741

830
306

1785

625
I

183
169

38
2

113
109

6
79
59
42
13

7
8
8
5
9
4
I
4

10

30162

14 ~ 10

lo?8
7 '9

<0.01
2.52
0.83
0.24
ls?7

0.53
<0+01

0+ 17
0.19
0+03

<0.01
Doll
0.09
0.01
0+08
0+05
OI02
0.01

<0.01
0.01
0+01
0.01
0.01

<0.01
<0.01
<0+01
0.01

<0+01

<0.01
<0.01
<0.01
<OeOI
<0+01
<OoOI

<OoOI
<OoOI

0.01

11412
427

17

20
I

99
1

84.4$
3.01
0+15

0.14
0+01
Oo?3
OoOI

3 <0.01

1 <OaOI

0.06
Oo05

0+02

12028

I <0.01

7 0.05

19 0+15

24720

BZt
I

2761
831
40$

1786

628
1

184
169

4$
2

132
109

6
80
59

.42
21
13
8

14
. 5

9
4
I
4

10

21.94
1.92
7.03

<0.01.
2.26
Oo?4
0.30
1+57

Ooh?
<0.01

0.1$
0. 17
0+04

<0.01
0.11
0.08
OaOI
0.07
0.05
0.02
0.02
0.01
0.01
0.01
0.01
0.01

<0.01
<Oe01
<0.01

OoOI

42190

I <0.01

<0.01
<0.01
<0.01
<0+01
<0.01

.<OoOI

<0.01
<OaOI

7 0+01

46561
9996
9523
3548
3036
2413
2043
1874
659
646
563
188
171
.150
142
138
109

82
82
60
42
41
1$
8

14
5

14
5
1

5
10
1
1

3
4
3
4
1

2
1

1

1
1

1

7
1

4
82180

56.7
12.2
11.6
4.3
3.?
2+9
2.5
203
0+8
0.8
Oi?
0.2
0.2
0.2
0+2
0.2
0.1
O.l.
0.1
0.1
0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0 '
<0.1
<0.1
<0.1
<0.1
<0. 1

<0.1
<0.1
<0.1
<0.1
<0.1.
<0.1
<0.1
<0.1
<O.l
<0.1
<0.1
<0. I

aRegular Traul Prograu



TABLE IVG-4

EAN MONTHLY ATCH — OU FFO T" F FISH IN GILL ET COLLECTIONS

NINE MILE POINT VICINITY — 1975-1976

SPECIES APR AY UN JUL UG SEP OCT NOV EC

Alewife
Brown trout
Chinook salmon
Coho salmon
Lake trout
Rainbow smelt
Rainbow trout
Smallmouth bass
Yellow perch

I 6

33.46
0.27
0. 01
0.20
0.00
6.39
0.05
o.14
0. 41

53-25
o.o6
0.01
o.o6
0.02
o.61
0. 01
0. 10
o.44

32.o6
0. 18
0.00
0.00
0.01
o.18
0.01
0. 90
1.38

68.76
0. 05
0.01
0. 00
0.00
0. 20
0.00
0.49
1. 12

7. 01 13. 82 8. 02 16. 79
0.00 0.00 0.07 0.07
0.00 0.02 0.01 0.00
0.00 0.00 0.00 0.00
o.oo o.oo o.o4 o.o4
0.00 0.24 0.75 1.58
0.00 0.01 0.00 0.00
1.88 1.32 0.03 0.04
1 16 0 94 0 64 0 22

10.94
0. 32
0.00
0.02
o.o4
o.36
0. 10
0. 00
0.09

SPECIES APR MAY JUN UL UG EP OCT OV EC

Alewife
Brown trout
Chinook salmon
Coho salmon
Lake trout
Rainbow smelt
Rainbow trout
Smallmouth bass
Yellow perch

61.3o
0.07
0.01
0.05
0.00

1o.74
0.02
0.29
0.29

56.81
0. 10
0.05
0.07
o.o6
4.56
0.00
0. 12
o.84

8.14 44.52
0. 38 0. 16
o.o4 o'.oo
0.06 0.01
0. 01 0. 00
o.38 o.o8
0.00 0.00
0. 04 0. 12
1.46 3.63

35 39
0.05
0.00
0.00
0.00
0.02
0.00
0. 17
2.24

12.6o 6.4o
0.03 0.04
0.01 0.02
0.00 0.00
0.00 0.00
0.01 0.78
0.00 0.00
0. 52 0. 13
1. 90 1. 43

8.66 0.02
0.06 0.01
0.00 0.00
0.00 0.00
0.00 0.01
1.16 0.26
0.03 0.01
0.08 - 0.01
0. 16 0. 12

c tc 1 -hr effort e
No. nets per month

Mean of all fish collected in 15 ft bottom gill net, 30 ft bottom gill net, 60 ft bottom
gill net; 40 ft'night surface gill net; 40 ft day bottom gill net; day net, set later
than 0500 hrs and for a maximum of 18 hours; night set, set not earlier than 1300 hrs and
for a maximum of 18 hours



(i) Abundance and Percent Composition

The average catch/effort for alewives in 1974, 1975, and

1976 are presented in Tables IVG-1, IVG-2, and IVG-3,
respectively. During each year, the alewife was the most

frequently collected fish, representing 75$ of the total
fish catch during both 1974 and 1975 and 57$ in 1976. The

lower percent composition of alewife during 1976 is attri-
buted to the reduction in surface gill netting effort
during 1976 since the, largest percentage of alewife were

collected in surface gill nets in previous years.

Because of the program changes in 1976 the average catch/12
hours was calculated for locations and times fished in
common during 1975 and 1976 (Table IVG-4). These data are

presented to demonstate the continued success of the alewife
through the comparison of preoperational catch/effort to
postoperational catch/effort.

During 1975 and 1976 the April, May, June, and July catch/
effort were high in comparison to the rest of the year; this
time period corresponds to the period of onshore spawning
migration by the alewife. Although differences in magnitude

of monthly catch/effort existed between the years, a similar
abundance trend over months existed (Table IVG-4) for both

years. Also the yearly averages are similar (27. 12 and

25.98 for 1975 and 1976, respectively) indicating no sub-

stantial change in the alewife population between years.
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(ii) Length Frequency Distribution

The monthly length frequency distribution of alewives
collected with gill nets during 1976 is given in Figure
IVG-2. These data are presented to demonstrate the probable

length frequency distribution of alewives in the vicinity of
the plant so that a comparison between impingement and the
lake length frequency can be made later in this submission.

During April, two dominant size categories were observed:

yearlings (i.e., fish spawned the previous summer), and fish
two years old and older. The percent composition of year-
ling fish increased from May to August. This increase in
recruitment of yearlings reflects the increasing suscepti-
bility of these growing fish to the gill net or an increase
in relative abundance due to the onshore movement of year-
ling fish.

The dominant peak in length frequency distribution during
each month represents older fish collected by one or two

mesh sizes.

Length frequency distributions for alewives collected with
the Yankee trawl along the 40 and. 60-ft depth contour at
NMPE are presented in Figures IVG-3 and IVG-4, respectively.
In June along both depth contours the distribution was

bimodal, the first peak representing yearlings and the
second older fish. In July and August the trawl catches

were dominated by fish 12 cm and longer while in September

the recruitment of young-of-the-year is indicated by the

presence of a peak of approximately 6 cm. From September

through November, young-of-the-year fish represented a



FIGURE IVG-2
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FIGURE IVG;3
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FIGURE lV(~4
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majority of fish collected with the Yankee trawl. A com-

parison of the trawl and gill net length frequencies indi-
cates that yearling fish are more susceptible to the trawl
than the gill nets.

S (OOZIER lKZUKC)

(i) Abundance and Percent Composition

The rainbow smelt catch/effort for common gill net fishing
locations and times fished during 1975 and 1976 are pre-
sented in Table IVG-4. These data show that the 1976

catch/effort during April and May was higher than during .

1975 while similar values were observed for the other
months. The annual average catch/effort for 1976 (2.0
fish/effort) was greater than for 1975 (1.2 fish/effort;).
These data suggest that the rainbow smelt population has

increased in the Nine Mile Point area since the start up of
the FitzPatrick plant in 1975.

The rainbow smelt percent composition of all fish collected
with all gear types suggests that during 1975 rainbow
smelt represented a small percentage of the fish community

(2.5$ ); however, during 1974 ( 11.7$ ) and 1976 ( 12.2$ ) the

species was relatively more abundant (Tables IVG-1 through
IVG-3). The total numbers collected also support this
observation with 11,702 collected in 1974, 1987 in 1975, and

9996 in 1976. Thus, the rainbow smelt appears to be under-

going annual fluctuations in catchable fish of approximately
80$ . This degree of fluctuation in catchable fish becomes

important when compared to the estimated population and then

to impingement cropping. This species apparently has a
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tremendous ability to compensate for large population
reductions. Van Oosteen ( 1944) reported that after a major

smelt die-off in the 1940's in all the Great Lakes due to

some unknown disease this species population levels quickly
returned to normal.

(ii) Length Frequency Distribution

Monthly length frequency distributions for rainbow smelt

collected with gill nets from April to December 1976 in the

vicinity of Nine Mile Point are presented in Figure IVG-5.

The majority of rainbow smelt collected were 12«19 cm in
length. Fish within the 20-26 cm range (age group VI and

VII) were occasionally collected in April, May, and June.

The recruitment of young-of-the-year rainbow smelt to the

gear, occurred during July. The low numbers of fish col-
lected from June to September reflects the post-spawning

offshore movement of the smelt.

Length frequency distributions for rainbow smelt collected
with the Yankee trawl along the 40 and 60-ft depth contour

are presented in Figures IVG-6 and IVG-7, respectively.
Yearlings and young-of-the-year fish dominated the trawl
catch at both the 40 and 60-ft depth contour, however, a

greater percentage of larger fish were collected along the

60-ft depth contour than along the 40-ft depth contour.
Both the numbers of fish collected and the length frequency

plots indicate that young-of-the-year smelt are more suscep-

tible to the Yankee trawl than the gill nets.
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FIGURE IVG- 5
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FIGURE IVQ-6
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FIGURE IVG-7
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(i) Abundance and Percent Composition

From 1974 to 1976, yellow perch were not successfully
collected with trawls or beach seines; gill nets appear to
have been the most successful sampling gear (Tables IVG-1

through IVG-3). During these three years, the majority
of yellow perch were collected with bottom gill nets. The

catch/effort from bottom gill nets indicates a fluctuating
population size with an average annual catch/effort in 1974

of 1.52 fish/12-hour effor t, dropping to 0.90 fish/12-hour
effort in 1975, and then rising to 1.57 fish/12-hour effort
in 1976. The total numbers of fish collected over years

reveal a similar trend, with 1569 fish collected in 1974,

1040 in 1975, and 1874 during 1976 (Tables IVG-1 through

IVG-3). The catch/effort for nets fished at similar sites
(Table IVG-4) and for similar durations also illustrated
that the yellow perch population has increased from 1975 to
1976. This increase suggests that the operation of Fitz-
Patrick has not affected the success of yellow perch in
the area.

(ii) Length Frequency Distribution

Monthly length frequency data for yellow perch collected
with gill nets during 1976 are presented in Table IVG-5. In
April, a trimodal distribution was evident, representing
yearling (median length 11.1 to 12.0 cm), age group three
and four (median length 20. 1 to 21.0 cm) and age group five
and six (median length 26. 1 to 27.0 cm) (LMS 1975, Table

VII-34). This trimodal trend continued until July when
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TABLE .XVG-5
LENCTN PRE ENCY POR YELl.ON PERCNe

NIlfE )iILE POINT VICHITTY -'PRIL JUNE) 1976

LENGTH
1WTERVAL

(CH)
JANb

NO. PCNr
FEab

ffOo PCNl

NUHOER OF FISM
HARb APK

NO I PCNT NO+ VCNT
NAY'O

~ PCNT
JUN

NO+ PCNT

~ 1-
1 ~ 1-
2 ~ 1-
3.1-

, 4ol"
5 1-
6. 1-
7 ~ 1-
8 ~ 1-
9 ~ 1"

lv.)-ll~ 1-
12 ~ 1-
13.1-
14 1-
15.1-
16.1-
17 ~ 1-
la.1-
19 '-
23.1-
21 ~ 1-
22 ~ 1-
23.1-
24.1-
25 ~ 1-
26.1"
27 1-
28'"
29.1-
30.1"
31+ 1-
32. 1-

1 J
2 ~ 0
3 '
4 ~ 3
5.0
A )
7 '
8.J
9.0

10 '
11 ~ )
1? 3
13. )
14. 3
15 ~ )
16 ~ )
17.i)
18 '
19 '
20 ~ )
21.:)
22 '
23.0
24
25 '
26 '
?7.0
28 '
29 ~ <)

30.0
3l.u
32 ~ 0
33.0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
.n
iO
.0
.n
oD
~ 0
~ 0
~ 0
~ 0
~ 0
iO
iO
~ D

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
.0
~ 0
~ 0
,0

0
~ 0

0
0
0
0
<)

0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

0
iO
~ 0
~ 0

, ~ 0
~ 0
~ 0
~ 0
.0
~ 0
~ 0
~ D

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
o0
iD
~ 0
~ 0

0
~ 0
~ 0
~ 0

0 ~ 0
0 iv
D
0 ~ 0
0 ~ 0
0 0
0 ~ J
0 ou
0
0 ~ J
0 0
0 ~ u
0 oJ
0 ~ i)
0 ~ i)0'u
0 o0
0 ~ 0
0 ru
0 .0
0 ~ 0
0 ~ 0
0 ~ 0
0 ~ 0
0 ~ 0
0 oO
0 .0
0 ~ 0
0 ~ J
0 oO
0 0
0 ~ 0
0 ~ U

0
0
0
0

~ 0
~ 0
~ 0
oO

0 .0
0 ~ 0
0 ~ 0
0
0
2
5
0
2
1

2
1

1

0
3
5
1

1

1

0
0

~ 0
~ 0

4 ~ 8
11 '

~ 0
4 '
2 '
4 '
2 '
2 '

1li9
16 '.

2 '
4 '
2 '
2. ~ 4

~ 0
7+i

ii+9
2 '
Zi4
2 '

~ 0
~ 0
~ 0

0 ~ 0 0
0
0
0
0
0
0
0
0
1

11
18

0
3

17
8
8
8

10
8
5
7
2
3
5
4
3
5
2
2'

1

0

8

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 8

13 ~ '7

~ 0
2 ~ 3

13 '
6 ~ I
6+1
6 ~ 1

F 6
6+1
3 '
5 '
1 5
2 3
3 '
F 1
2 ~ 3
3 '
1 ~ 5
1.5

~ 0
~ 8
~ 0

0
0
0
0
0
0
0
0
0
4

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

2 '
30

5
8

12
10

8
7
9

15
9
2
8
3
4

10
14

3
4
0
1

0
1

15 6
2 '
4 '
6 '
5 '
4 '
3 '
4 '
7 '
4 ~ 7
loO
4 '
1 ~ 6
2 '
5 '
7 '
1 ~ 6
2 '

0
~ 5
~ 0
~ 5

25 13 '

TOl'AL COLLECTED

TOTAL ANALYLED
flEAN Lf:ffGTcf
VAKIANCE

0

0

42
19 ~ 5
30.93

132

131
17 '
29 62

205

192
17~4
34~66

All 8lll net collections
bNo collections scheduled



LENGTH FRF UENCY.FOR YRJ.LOW PERCHc

NINE 1lILR POINT VICINITY - MCEHBER, 19?6

LcNGTH
INTERVAL

(CH)
JUL

NO ~ PCNT
AUG

NO+ PCNT

h,UHHER QF FLSH
SEP OCT

NO ~ PCNT NO ~ PCNT
NOV

NO, PCNT
DEC

NO+ PCNT

1-
1 1-
2 ~ 1-
3 ~ 1-
4 ~ 1-
5 ~ L-
6 ~ I-
1. 1-
H.L-
9 ~ 1-

LOCAL"llel-
12 ~ 1-
13 ~ 1-
14i. 1-
15 ~ 1"
16 ~ 1-
17.1"
18 '"
LO ~ 1-
2.le 1-
21 ~ 1"
22 ~ 1-
23.1-
24 ~ 1-
2mo 1-
26o 1-
2?. 1-
28+L-
2)o 1-
30oL-
31 ~ 1"
32 ~ 1-

1

2 ~ 0
3.0
4 '
5 '
6 '
7 '
8 '
9 '

10 '
11.3
12 '
13 '
L4.8
15 '
16 '
L? oO
18 ~ 0
19 ~ 3
20 '
21..)
22 '
23 '
24 ~ s)

25 v
26 ~ 3
27 ~ 0
28. 0
29 '
30+v
3LoO
32.0
33 ~ 0

0
n
0
0
0
0
0
0
8

67
49
28
26
47
27
20
18
17
13

6
2
2
5
1

9
3
3
2
1

1

0

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
.0
.0

2 ~ 2
18 '
13+4

7 '
7 ~ I

12.8
? ~ 4
5 '
4 '
4 '
3 5
LE 6

~ 5
~ 5

1 4
~ 3
~ 8

2 5
2.5

.8
~ 8

i5

~ 3
~ 3
~ 0

0

0
0
0
0
0
0
0

20
78
54
20
21
g2
14

8
9
6
6
2
4

2
2
r5

4
0
1

0

0

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

7 '
27 F 6
19 1

7 ~ L

7 '
7 '
4 '
2 '
3 '
2 '
F 1

~ ?
1 4
LE 4

~ 7
~ 7

1 8
1

~ 0
~ 4
~ 0
~ 0
~ 0

0
0
0
0
0
0
0
0
0
2

13
25
31

38
36
20
29
24
13
10

7
5
2
3
5
1
3-
2
0
0
1

0

~ 0
0

~ 0
~ U

oO
~ U

~ 0
~ 0
~ 0
~ 6

4 '
8+0
9o9

L4oU
12 '
11 5

6+4
9e2
7.6
4 '
3 '
2 '
1 F 6

oo
Lou
1+6

~ 3
Lov

~ 6
~ 0
~ 0
~ 3
~ 0

0
0
0
0
0
0
0
0
0
0
0

ll
13
62
60
25
27-
22
25
16

2
3

5

4
3
3
1

0
0

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

I ~ 3
3 '
4 '

20 '
20 '

8 '
9 '
? ~ 3
8 ~ 3
5 ~ 3
2 '

~ 7
I'
I'
LE?
LE 3
LE 3

LE 0
1 ~ 0

~ 3
~ 0
~ 0

0
0
0
0
0
0
0
0
0
0
0
0
0
3
7
3"
5
2
0
1

1

2
0
1

0
0
0
1

0
1

0
0
0

~ 0
iO
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
.0
~ 0
~ 0
~ 0

ILL 1
25 'll 1

18 '
7 ~ 4

~ 0
3 ~ 7
3 ~ 7
7 ~ 4.

~ 0
3 7

~ 0
~ 0
~ 0

3 ~ 7
~ 0

3 ~ 7
~ 0
~ 0
~ 0

0
0
0
0
0
0
0
0
0
0
0
0
0

~ 1

1

2
1

2
1

0
1

1
0
0
0
1
0
1

0
1

0
0
0

~ 0
~ 0
~ 0
~ 0
+0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

7 ~ 7
7 '

15 '
7 ~ 7

15 ~ 4
7 ~ 7

~ 0
7 ~ 7
7 ~ 7

~ 0
~ 0
~ 0

7 ~ 7
~ 0

7 ~ 7
~ 0

7 ~ 7
~ 0
~ 0
~ 0

TOIAL COLLECTED

TOTAL ANALYLED
NtAN L. IGTH
VAR I ANCE

397

367
14 '
24 '5

30L

283
13 '
18 12

352

314
15 '
14+69

317

300
17.3
13 '7

27

27
17 ~ 5
17 '8

13
19 ~ 4
26 '3

eA11 gill net collections



recruitment of young-of-the-year occurred. From July to
December, growth of the young-of-the-year is evident and

these fish dominate the length frequency data, with the fish
reaching a median size of 14.1-15.0 cm by November.

(~Mm mezimaa.)

(i) Abundance and Percent Composition

During 1974, 1975, and 1976, the majority of white perch

were collected with bottom gill nets. For this reason,

the bottom gill net collections offer the most reliable
method for monitoring white perch abundance.

The mean annual white perch catch/12-hour effort was 3.01,
3.32, and 2.52 fish from 1974 through 1976, respectively.
The percent composition of white perch during the three-year

study period remained relatively constant with 3.2$ in
1974, 4.8$ in 1975, and 3.7$ in 1976 (Tables IVG-1 through

IVG-3).

(ii) Length Frequency Distribution

Monthly length frequency distributions for white perch
collected in the vicinity of Nine Mile Point during 1976 are

presented in Figure IVG-8. From April to September, larger
(older) fish dominated the collections, with yearling fish
representing a minority of 'he catch. In October, under

yearlings became the dominant age group in the gill net
collections, coinciding with the recruitment of young-of-
the-year fish to the gear.
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(i) Abundance and Percent Composition

Bottom gill net collections at Nine Mile Point have col-
lected a relatively large number of smallmouth bass and

these collections are used to characterize the resident
population.

The average catch/12-hour bottom gill net effort was

0.27 (261 fish) in 1974, 0.37 (413 fish) in 1975, and 0.19

(169 fish) in 1976 (Tables IVG-1 through IVG-3). The annual

average catch/effort; for similar collection sites and

fishing durations also show that the 1975 catch was higher
than the 1976 catch (Table IVG-4).

The percent composition of smallmouth bass collected with
all gear types was 0.28$ in 1974, 0.57$ in 1975, and 0.21$

in 1976.

(ii) Length Frequency Distribution

Length frequency data for smallmouth bass collected with
gill nets during 1976 are presented in Table IVG-6. During

April, Hay, and June, the majority of smallmouth bass were

between 34 and 41 cm in length. The median for April was

38. 1-39.0 cm, which represents fish most probably from 7 to
9 years old. In July, August, and September, smaller fish
were present in the collections, representing fish of age

class I. Recruitment of young-of-the-year fish was not
evident during 1976.
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TABLE IVG-6
LENCTH-FRECUENCY UF SHALLMUUTH IIASS4

NINE HILE pnINT VICINITY - APRIL JUNE, 1976

L":I>G>TH
INTcRVAL

Iinl
JANb

Nno PCNl'
ESSb

Nc. PCS I

vu>lbf>I OF FISH
NARb APR

NOD PCNT Nno PCNT
HAY

Nno PCNT
JUN

Nno PCNT

I-
1 ~ 1-
v I-
3ol-
4 ~ I
5 ~ I-
6 ~ I-
ToL-
6.1-
'i. I-

I ) ~ I-
I I ~ I-
12 ~ I-.
I S. I-
14 ~ I-
L5 ~ I-
L6 I-
17 1-
18.L-
IDI I-
29. I-
21 ~ 1-
22 ~ I-
23.1-
24ol-
25:I-
24 ~ I-
27 I-
2aol-
29o I-
)uoI-
Al ~ I-
32. I-
33 ~ I-
34o I-
35o I-
)6 ~ I-
ST.L-
38.1-
39ol-
40.1-
41 ~ I-
42.L-
43 ~ I-
44ol

1 ~ 4
2 ~ )
3 ~ S

4 ~ o

5 J
6 ~ >

7 ~ >

8. i>

9 '
1)o 3
IL~ J
12 4
13 ~ )
14.9
15. )
14 ~ J
17 ~ 9
Lgou
19o I

>.9 ~ 3
21 '
22oJ
23.4
24 '
25
24 ~ )
27 ~ >
28 ~ >

29
3') ~ S

31 ~ S

)3 S

$ 4 ~ J
35 ~ >

Jc ~ J

38 ~
'l

3)o )
'>Gou
41 '
42. >

43 ~ ')
44 ~ >

45. >

0
0
0
0
0
0
9

4
0
0
0
3
0
0
0
0
0
0
0
0

0
0
0
0
0
n

0
.0
0
0
0
0
0
>J

0
0
0
IJ

0
0
9
0

~ 0
.n
~ 0
~ 0
~ 9
.0
~ n
~ 0
.n
~ 0
~ 9
~ 0
.n
~ 9
~ 0
.n

0
~ 0
.n
~ 9
~ 0

~ 9
.n.
~ n
~ 9
on
~ 9
~ 0
.n

0
~ 9
on
.0
~ ')
on
~ 9
~ n
~ ')
~ 0
~ J
~ 0
~ 0
~ n
~ 0

IJ

0
0

~ 9
~ 0
~ 0
~ J
~ 0
~ 0
on
~ J

C
n
0
0
C
0
0
>)

4
0'

C

0
0
G

0
0
9
C
0
0
C
0
G

J
0
C

0

~ 0
~ 0
~ U

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ J
~ 9
~ 0
~ 0
~ 0
~ 0
~ 0
~ 9
~ 0
~ 0
~ 0
.n
~ o>

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 9

0 -on
0 ~ 0

~ 0
~ 0
~ 0

U oU
0 ~ 4
0 oU

~ V
0 on
0 ~ U

0 ~ v
0 oU
0 ~ U
J oV
0 ~ J
0 ou'

~ J
0 ou
0 ~ 4
0 ou
0 ~ 4
0 ~ 4
0 on
G ~ 0
0 ~ 0
0 ~ 4
0 ~ U
0 oU
0 ~ 4
0 oJ
0 ou
0 ~ 4
0 ~ V
0 oU
0 ~ G

0 ~ >)

>)

0 ou
0 ~ U
0 ~ 0
0 oJ
0 on
0 oJ
0 .4
4 ou
V on
0 ou
>) on
0 o4

0
0
0
0
0
0
0
9
0
0
J
0
0
n
0
0
0
0

0
0
9
0
0
n
0
0
n
0
0
0
0
I
I
0
3
2
4

10
1
4
n
0

0

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

. ~ 0
~ 0
~ 0
~ 0
on
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

3> 1

3 ~ 1

~ 0
9 ~ 4
6 '

12 '
JL ~ 3
ol ~ 9
12.5

~ 0
~ 0
~ 0
~ 0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
C
0
I
0
2
1

1

3
3
2
2
0
0
0
0

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
on
~ 0
~ 0
.n
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

6 '
~ 0

13 ~ 3
6 '
6 '

20 '
20 an
13 ~ 3
13 ~ 3

~ 0
~ 0
~ 0
~ 0

0
0
9
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
1

0
0
0
0
2
1

0
1

0
1
0
0
0

~ 0
.on

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
on

16 '
~ 0
~ 0
~ 0
~ 0

33 '
16 ~ 7

~ 0
16 1

~ 0
16 '

~ 0
~ 0
~ 0

TUTAL CULLECTEO

TuI:.L 4 IALYLEO
PEAN LE I">II>
VI>i.l ANC.-

4A11 gill net collections
bNo collections scheduled

0 32

32
3'

3 '2

15

15
37,4

5 '1
6

3'
12 ~ 59



TABLE lVG-6 (Continued)

LEt!GTH-FREQUENCY OF S))ALLNOUTM bASS

NINE MILE POINT VICINITY - JULY - DECEMBER, 1976

LENGTH
I t<TE<LVAL

ICt;)
JUL

t)0~ PCNT
Al;G

iIC ~ PCNT

NUNOER OF FISH
SCP OCT

)IO ~ PCNT tin ~ PCNT
NOV

NO ~ PCNT
OEC

NO+ PCNT

il-
1 ~ 1"
2e 1-
3 ~ 1-
4 ~ 1-
5o 1"
6o 1-
7i 1-
8.)-
').1-

)no 1"
1 1 i 1-
12.)-
13.1-
14i ~ 1-
15m 1-
L6 ~ 1-
)7 ~ 1-
18.1-
1'). 1-
2J ~ 1-
2L ~ 1-
22. 1-
23. 1-
24 '"
25m)-
26 ~ I-
27.1-
28.1-
29 ~ 1-
3 "i. 1"
3)o)-
32')"
33.)-
34 ~ 1-
35i 1-
36m)
37.1-
38. 1-
3 ).1-
40.1-
4) ~ L-
42.1-
'i3 1"
44 ~ I-

1 ~ 0
2 '
3on
4 '
5 ~ .)

6 ~ I

7.J
8 ~ 'J

9 ~:)
10 ~ <J

11 J
)2.U
)3.0
14 ~ >

)5 ~ 0
16 '
17,0
18 AU

1') ~ 0
2i)'o 3

21
22,0
23 ~ ~ i
24 ~ 'J

25 ~ )
26eu
27.'J
? a.v
29 ~ J
39. a
31. i
32.3
33 '
34 '
35 '
36 ~ .J

37 ~ .i
')8 ~ J
H 3
ti0 ~ ".l

41
4i2 ~ s

43. i
ti4 o ')

i5 ~ )

0
0
0
0
0
0

C
0
0
0
0
0
2
0
0
n
0
0

,n
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
.0
on
.0
~ 0
~ 0

)LE 1
~ 0
~ <)

~ 0
~ '3

~ l

0

1

0

0
2

%0

2
0
0

2
0
0
2
0

~ 0
16 '

5 '
~ 0
0

~ 3
~ 0
.n

LL ~ L

0
11 1

~ 0
0

22 ~ 2ll~ 1

.0
~ 0

LL~ 1

~ 0
~ 0

0' J
0 ~ 0
0 ~ 0

.0
~ 0

C

0
0
0
C
0
0
0
0
C

0
0
0
1

0 .
0
0
0
0
n
J
0
C

0
0
2
0
0
C

1

0
0
0
1

1

1

1

7

4
0

4
1

1

~ 0
~ 0
.0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

4 '
~ 0

0
0

~ 0
~ 0
~ 0
~ 0
in
~ 0
~ 0

. ~ 0
8 '

~ 0
in
~ 0

4 ~ 0
~ 0
~ 0
~ 0

4 ~ 0
4 ~ 0
4i ~ 0
4 ~ 0

28.0
L6 ~ 0
16 '

~ 0
~ 0
~ 0

t< <0
4+0

0 ~ U

0 .u
0 ~ V
0 ~ 0
0 ~ U

0 ~ V

0 ~ u
0 ~ 0
0 ~ 0
0 ~ u
0 oV
0 oU
0 .U
0 ou
1 2 ~ V
1 , 2.VO,u
0. ~ 0
0 ~ U
0 ~ U
0 ou
0 ~ u
0 ou
0 ou
0 ~ 0
4 8 '
1 2ou
3 6 1

1 2ou
0 0
0 0
3 6 1

0 ~ U

2 4 '
2 4.1
6 12 ~ 2
3 6 1

3 6+1
7 14 '
3 6.1
5

LORY

2
2 4.1

2ou
0 ~ U

1 2.u

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
2
n
1

0
1

0
1

1

0
1
0
2
0
1

4
2
0
0
0
0

~ 0
~ 0
~ 0
~ 0

0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

, ~ 0
~ 0
~ 0
~ 0

5 '
~ 0
~ 0
~ 0
~ 0

. ~ 0
~ 0

LL ~ 8
~ 0

5 '
~ 0

5 ~ 9
~ 0

5 ~ 9
5.9

~ 0
5 '

~ 0
11.8

~ 0
5+9

23 '
11 8

~ 0
~ 0
~ 0
~ 0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0'

l.
0
0
0
0
0
0
0
0
2
1
0
0
0
0

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0=

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
+0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

20 ~ 0
20 '

~ 0
~ 0
~ 0
~ 0
~ 0

0
~ 0
~ 0

40 '
2000

~ 0
~ 0
~ 0
~ 0

0
0
0
0
0
0
0
0
0
0
0
0
a
0
0
0
0

"0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

0
0
0
0
0
0
0
0
0
0

~ 0
~ 0
~ 0
~ 0

0
~ 0
~ 0
~ 0

0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
an
~ 0
~ 0
~ 0
~ 0
~ 0
+0

0
~ 0
~ 0
~ 0

100 0
~ 0
~ 0
~ 0
on
~ 0
~ 0
.0
~ 0
~ 0
~ 0

TOTAL Ct)LLECTEO

I<l7AL At)ALY IEO
MEAit LC"GTil
Vt i< IA<IL:.

l.8
32 ~ 6
ii'i~ 41

25

25
35 '
40.)8

17

17
33 '
43 '0

5
35 '
31. 60

1

34 '

«ALL t<fll t<ec collcccions



St

(i) Abundance and Percent Composition

Threespine sticklebacks were difficult to collect with
either gill nets or trawls as evidenced by the low catches

from 1974 through 1976 (Tables IVG-1 through IVG-3).
Seines, however, suggest an increase in the numbers col-
lected, from 6 in 1974 to 65 in 1975 and 446 in 1976.

However, most of those collected in 1976 were collected in
only 4 of the 28 seine hauls and the data are too variable
to permit any definite statements.

An alternative monitor of the population is the impingement

collections of fish at Nine Mile Point throughout this time

period. The number of threespine sticklebacks impinged per
month was plotted and revealed a trend similar to that
observed with beach seines, .i.e., an increase in abundance

of fish over the past four years (Figure IVG-9). The

trend in percent composition of threespine sticklebacks
agrees with the beach seine and impingement abundance

trends, with sticklebacks representing 0.03$ of the total
catch in 1974, 0.20$ in 1975, .and 0.80$ in 1976. These data

suggest that the threespine stickleback population has

increased in the vicinity. of Nine Mile Point since Fitz-
Patrick start up occurred in 1975 indicating that plant
operation has not adversely affected the threespine popula-
tion.

(ii) Length Frequency Distribution

Length frequency data for threespine stickleback collected
in the lake were not tabulated due to the low numbers

collected.
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The annual average catch/effort for bottom gill nets during 1974

was 0.02 fish/12-hour effort, 0.06 fish in 1975, and 0. 11 fish
in 1976, a fivefold increase since 1974. The numbers of brown

trout stocked by the NYSDEC increased from 60,300 in 1973, to

123,400 in 1974, 214,604 in 1975, and 310,750 in 1976, also

equaling a fivefold increase (Schneider 1977; Jolliff and Bouton

1977). Thus the increased numbers of brown trout netted mirrors
the inc'reased stocking effort.

(0

Bottom gill net data indicate a slight increase in the catch of
coho salmon from 0.01 fish/12-hour effort in 1974 to 0.02 in
both 1975 and 1976. The NYSDEC stocked approximately 813,000

coho in 1975 and only 177,575 in 1976 (Jolliff and Bouton

1977) ~

2. Es
~p~t

I i a J e A. i zP k Nu e Pw

a. S

Impingement sampling at the JAF traveling screens from September

1975 to March 1977 has resulted in the collection of 50 species

representing 19 families of fish (Table IVG-7). The Cyprinidae
was the most frequently represented family with 13 species,
followed by the Salmonidae with seven species, one of which was

the hybrid splake. No rare or endangered fish were collected
during the 19 months of impingement monitoring at the Fitz-
Patrick plant.
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TABLE IVG-7

SPEC E IN NTORY F FISHES N EMEN OLLECT ONS

JAMES A. FITZPATRICK NUCLEAR POWER PLANT — SEPTEMBER 1975-MARCH l977

IE TIFIC A OMMON

Family Petromyzontidae
gular

Family Lepisosteidae

Family Amiidae~ ~c~
Family Anguillidae

Sea lamprey

Longnose gar

Bowfin

American eel

Family Clupeidae
a
2

Alewife
Gizzard shad

Family Salmonidae
CoCP~QQRK K.stet g

h
4~
g. ~trat a

S Spa

Family Osmeridae
~savu ~gag~

Family Umbridae
Llama. 1iad.

Family Esocidae

g.. ~Vs
Family Cyprinidae

~C~s~iu auur;Ltt
g',oues t~u ~unsubccr~< ~~v

Cisco or Lake herring

Coho salmon
Chinook salmon
Rainbow trout
Brown trout

Lake trout
Splake trout

Rainbow smelt

Central madminnow

Redfin pickerel
Northern pike

Goldfish
Lake chub
Carp
Silvery minnow
Golden shiner
Emerald shiner



TABLE IVG-7 (Continued)

PECI N TORY F FISHES I IMPINGEMENT OLLECT 0 S

COMM M

Family Cyprinidae (continued)
g. ~e~ae
N. ~hud o us

.g.. ~ries
~ii~~s sp.

S. ZLaa,~
Family Catostomidae

~ngpjg~

Family Ictaluridae
jcC;~ay gs rg~Llllgsj. p~uis~t~u
~cour ~s f~~u
g. pagus

Family Percopsidae
a c

Family Gadidae
~L ~a *

Family Cyprinodontidae
~Fund i/~ ~@ha@us

Family Gasterosteidae

Family Percichthyidae
'QXC>JJ,2HLeJ~KQK

g. &X,KRQ

Family Centrarchidae

~L~ogig gihh(~
s
5 ~s

g2~o~s RnDJQR~
Z

Pugnose minnow
Spottail shiner
Bluntnose minnow
Fathead minnow
Longnose dace

Creek chub
Pearl dace

White sucker
Northern hog sucker

Brown bullhead
Channel catfish
Stonecat
Tadpole madtom

Trout-perch

Burbot

Banded killifish

Brook stickleback
Threespine stickleback

White perch
White bass

Rock bass
Pumpkinseed
Bluegill
Smallmouth bass
Largemouth bass
White crappie
Black crappie



TABLE IVG-7 (Continued )

SPECIES INVENTORY OF FISHES IN IMP GEME T COLLECTIONS

SC TIF C AME OMMON NAME

Family Percidae

~Pr on ~~r~s

Family Sciaenidae

Johnny darter
Yellow perch
Logperch
Walleye

Freshwater drum

Family Cottidae
t~r Mottled sculpin

b
Traveling screen (LMS 3977, Table IX-5)
According to A List of Common and Scientific Names of Fishes from
the United States and Canada. Amer. Fish. Soc. Spec. Publ. No. 6.
3rd ed.



b. A Fihi I i e C

Collections of impinged fish from the traveling screens and

trash racks in the intake forebay of the FitzPatrick plant have

been made three times per week since 10 September 1975. Impinge-

ment results reported in this section represent sampling con-

ducted from September 1975 to March 1977, a total of 19 months.

During the 19 months of this study, a total of 2,553,713 fish
were collected from the traveling screens at the FitzPatrick
plant (Table IVG-8).

From September 1975 through January 1976, the alewife was the

most abundant fish collected (26,425 fish); the rainbow smelt

was the second most frequently collected fish during these

months (5453 fish), except for December when the gizzard shad

ranked second (2577 fish)(Table IVG-8). During February,

1976 the gizzard shad was the most frequently collected fish and

in March 1976 the rainbow smelt ranked first. The high impinge-

ment of rainbow -smelt during March coincides with the time of
their onshore migration (Wells 1968). From April to November

1976, the alewife was again the most frequently collected fish.
Peak alewife impingement occurred during May when 1,634,284 were

collected and April with 382,944 fish; April and May are the

months when alewife onshore migration reaches its peak (Smith

1968; Richkus 1974).

Rainbow smelt dominated the impingement collections during
December 1976, and January and February 1977 (Table IVG-8).. In
March 1977, alewives again became dominant. Thus, impingement

collections at the FitzPatrick plant can be characterized as

mirroring the onshore migration of the alewife from April until
late in the year when this species moves to deeper waters, and
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TABLE ZVQ-8

ABUNDANCE AM) PERCENT COMPOSITION OF FISH IN IMPINGENT COLLECTIONS

JAMES A FITZPATRICK NUCLEAR POWER PLANT - IO SEPTEMBER - DECRIER l975

SPECIES
SEP

NO~
OCT

NO.
NOV

NO

DEC
NO,

TOTAL
NO ~

Alewife
American eel
Black crappie
Blue&ill suafish
Bowfin
Brown bullhead
Browa trout
Carp
Channel catfish
Creek chub
Emerald shiner
Freshwater drum
Gizzard shad
Johnny darter

ake chub
Lake trout
Lar&emouth bass
LoaRaose dace
Mottled sculpin
Mudmianow-
Pumpkiaseed
Rainbow smeLt
Rock bass
Sea lamprey

'mallmouth bass
Splake (hybrid

Lake trout)
Spottail shiner
Stoaecat
Threespine

~ stickleback
Trout-perch
Walleye
White bass
White perch
White sunken
Yellow perch

TOTAL

NO; HRS ~ SAMPLED

2567
1

2

15

89
5

50
7

1
3

10

2773

216

92.6
<0.1

Oi3

0 1
<Oil

0 1
0 1

0,5

30 2
0,2

0 1

1,8
0 3

0.1

<0 ~ 1

0 1
0 4

6541
4
6

458
1
1

5
3

293
42

2

3
80

5
8

1635
16

1
6

158
45

1

46
4

41

94 17

336

69 5
<0. 1

0 1
4.9

<0.1.,
<0 '
<0.1
<0.1

0.1
<0. 1
3.1
0 4

<0 1
<0.1
<O.l
0.8
0,10'l.

17.4
0,2

<0. 1

Owl

1 7
0,5

<0.1

0 1

0.5
<0.1
0,4

6874
1
3

74
1
1

1
3
3

545
25

169
6
2

858
7
1

12
1

125
27
27

16
43

3
26

8864

288

77.5
<0.1
<0.1
0,8

<0,1
<0.1

<0 1

<0 ~ 1
<0. 1

6.1
0,3

<0 1

1.9
0 1

<0.1
9.7
0 1

<0 ~ 1

0.1
„<0 ~ 1

1.4
0.3
0.3

0 1

0.2
0.5

<0.1
0.3

7594

37

6

4
1

2577
5
2

. 2
91

3
2

1834
29

92
6

20

14
1

110
46

2
39

12531

239

60.6

0 3

<O.L

<0 I
<0 1
<0.l.
20 6
<0 1
<0,1
<0.1

<Oil
0.7

<0.1
(0, 1
14 6
0 2.

<0. 1
<Oo 1

0 7
<0,1

0 2

0 1
<0 ~ 1

0 9
0.4

<0. I
0.3

23576
6
9

576
2

11
1
1
5
1

12
7

3417
76

2
8
4
5

355
14
12

4416
57

2
26

2

425
85
4&

32
1

126
136

12
116

33584

70.
<0.
<0.

1 ~

<0.
<0.
<0.
<0 ~

<0.
<0.
<0
<0
10.
0

<0.
<0.
<0
<0.

1
<0.
<0;
13.

Oo

<O.
0.

<0

O.I

0
0

<0.
0.

AVG NO FISH/HR 12. 8 25. 1 30,8 52.4

Traveling screen collections



TABLE IVG-8(Continued)
~.

ABUNDANCE* AMD PERCENT COMPOSITIOM OF FISH IN IMPLNCEMENT COLLECTIONS

e
JAMES A. FITZPATRICK NUCLEAR POWER PLANT - JANUARY - JUNEe 1976U

PECIES NO NOe X NOe

APR
NO ~ NO Z

JUN
NO X

levife
erCcan eel

Black crappie
luegCll
luntaose aianow

Bovfin

2849 55.62

0.02
Oe02

2 Oe37'743 20e99

1 <0e01
1 <0e01

382944
2
1

5
3

92eS3
<Oe01
<0.01
<Oe01
<Oe01

1634284 93e38
22 <0 F 01

1 <0,01
9 <Oe01

112425 85 32
2 <0e01

1 <0e01

0.12

20 Oe39

2 0%04

49 Oe96

25
356

5
1

5
1
2

0.49
6.95
0,10
0 02
0.10
0 02
0,04

6 Oe12
0 02

88 1 72
2 0 '4

r
1 0.02

0 '2
20 441047

52 Le02

2 004

92 1.80

207
1

4.04
Oe02

9 0.18
3 0.06
1 0.02

87 1 70

109 2.13
4 0.08

81 1.58

rook stickleback
rova bullhead
rovn trout
urboc
arp

anneL catfish
Caco or Lake
herr iag

oho saloon
reek chub
yprinCdae
nereid shiaer
sor sp,

Fathead ainnov
reshvacer drun
ixsard shad

Idea shiner
ldfCsh

ohnny darter
ake chub

ke trouc
rgeaouch bass

e oais sp
ogperch
ongaose dace
ongnose gar
octled,sculpin
udainnow
orthern hog sucks
orchern pike
earl dace
iae hales sp
ugnose ainnov
uapkiaseed

iabov sneLt
aiabov trout

Rock bass
Salmonidae
Salvelinus sp.
Sea laaprey
Silvery aiaaow
Saallnouch bass
Splake (hybrid

lako trout) „

Spottail shiner
Stoaacac
Tadpole aadcoa
Ihreespine

st ickleback
Trout-perch
Walleye
White bass
White fish
WhCCe perch
WhCte sucker
Yellow perch
UID
UID chub
UID sucker

76 Oe34
5 0.02
1 <0.01

3 OeS6 8 Oe04

14 2,60 107 0,47

2 Oe37
189 35 '3

1 Oe19

2 0.37
e

2
6

4963
3
1
4
5
2

0e01
Oe03

21.97
0.01

<Oe01
Oe02
Oe02
Oe01

4 0.74

21 3e90
2 Oe37

22 0 10

100
60

0,44
0 27

1 <0e01

179 33e27
L. <0.01

9090 40,23

9 le67 49 Oe22

I <0.01
I <0.01

S Oe93 18 OeOS

28 5 '0 161
2

0.71
0.01

9 1.67 1112
1 Oe19 37

4e92
0 '6

58 10e78 1558 6.90

7 le30 407 le80
1 <0.01

2 0 37 46 0 '0

36 0.01
6 <0e01
1 <0 01

<Oe01

2 <0e01
2 <0.01

63 Oe02

4 <OeOL
2 <Oe01

941 0.23
3 <0 01

62 0.02
4 <0.01

I <Oe01
1 <0.01

1072
33

0.26
0.01

41 0.01
1 <0.01

6 <0.01

11 <0.01

3 <0.01
'33Oe08

7 <OeOL

3763 Oe91
1569 0 '8

. 1 <0.01
876 0 '1

1'430 0.35
4 <0.01

179 0 '4
LL <0.01

4 <0.01
9 <0 01

20417 4e93

18 <0.01
1 <Oe01

60 <Oe01

87 <0.01
23 <0.01

2241 0 13
18 <0.01

1 <O.OL

1803 Oe10
28 <Oe01

1 <0e01

14 <Oe01

36 <Oe01
78033 4,46

100 0.01
5 <0.01
7 <0.01
1 <0.01

65 <0.01

1586 0,09
12 <0e01

24643 1.41
3996 Oe23

875 0.05
1 <O.OL

1479 0 F 08
25 <0.01

679 Oe04
8 <0 F 01

1 <Oe01

2 <0.01

1 <0.01

7 Oe01

1 <0.01
3 <0 01

338 0.27
6 <0.01
1 <Oe01

1 <0.01

349 0 26
3 <0.01

~ 3 <0.01
1772 1 34

I

7 0 ~ 01!
1 <0.01
6 <0.01

5 <0.01,

1014 0.77
7 0.01

14876 11.29
721 Oe55

73 0e06

71 0.05
15 0.01
57 0.04

TOTAL 5122 538 22595 413854 1750162 131769

I.

Traveling screen collections,'ield counts and identification



TABLE -IVG-8 (Continlled.)
ABUNDANCE» AND PERCENT CONPOSITION OF PISH IN INPINCENENT COLI.ECTIONS (Continued)

- JANES As FITZPATRICK NUCLEAR POllER PLANT JULY 'ECENBERq 1976~

PECIES
JUL

ND ~ I AUC
NO X

SEP
NO I OCT

NO I
NOV

NO+ I DEC
NO X

TOTAL

lev if e

aricaa eel
Black crappie
Bluegill
Bluacnose minaov

58477 86.96
6 0.01

Bovfia
Brook stickleback
Brova bullhead
Brovn trout
Burboc
Carp
Channel catfish
Cisco or Lake

herring
Coho salmon
Creek chub
Cyprinidae
Emerald shiner
Esox spa
Fathead minnov
Freshvater drum
Cizaard shad
Colden shiner
Coldfish
Johnny darrer
Lake chub
Lake trout

argcmouch bass
e amis s pe

Logperch
ongnose dace
ongnose gar
ottled sculpia
udminnov

1 <O.OL

1 <001

1 <0+01
3 <0+01

2 <0.01

664
7

0 99
0.01

4 0.01
1 <0.01
2 <OoOL

1$ 4
1

0 23
<0+01
<0.01er 1

Pine bales
Pugnose min
Pumpkinsced
ainbov sm
aiabov tro

Rock bass
Salaonidae
Salvelinus
Sea lamprey

1 <0.01
226 0.34

19 0.03
6 OoOI

10 0.01
1 <0.01

$ 0.01

190 1

1$
2.83
0.02

5004
489

7.44
0.73

10 0.01

6$
40

105
2

24
1

0 10
0.06
0.16

<0,01
0+04

<0.01

Northern hog suck
orthera pike

Pearl dace
spo
nov

elt
ut

spa

Silvery minnov
Smallmouth bass
Splake (hybrid

lake trout)
Spottail shiner
Sconecar.

tadpole

madtom
rcespinc
s Cicklaback

rout-perch
alleys
ite bass
ite fish
ite perch
icc sucker

ellov perch
ID
ID chub
ID sucker

1438 66.64
4 D19

2 0+09
I 0.05
2 0.09

1032 71 88
8 028

„1 0.04
1 0,04

1 0.04

5 0 IS

1681 49@12
4 0 ~ LZ

3 .0+09

1 003

38
1
2

I'LL
0+03
0+06

68070» 77.42
2 <0.01
1 (0.01
I <0.01

3 (OoOL

22 0 02

3 <0+01
23 0+03

1329 8 ~ 11
I <0.01
1 <0+01

17 OeIO
2 'aOL

10 0+06
I <0+01
3 0+02

1 <0+01

5 023 4 0,14
1 <0~01

47 le37 5 0 01 90 Oe5$

2, 0,09
I 0+05

119 5+$ 1
5 0+23

100
2

0.04
0+04

3.54
0.07

247

9
1
1

7e22
Oo03

Oe26
0+03
0003

2 <OoOL.
580 0+66

1 <0.01

2 <0,01
1 <0.01
I <0.01

I <0.01
392 2.39

1 <0+01
1 <OoOL
6 0+04

1 0.04

30 le39 - 87 3+08 . 33 0+96

1 0+05
2 0.09

89 0 10
3 <0.01

1 <0,01

167 1.02

3 0+02

4 019
170 7.88

27 i+25
6 0.23
2 0+09

1 0.0$

5
82
I

41

0 18
2 90
0+04
1.45

9 0.32 4 0+12

1 <0.01
I <0.01

6 0.01

7 0+04

L9 0,12

1 0+05
168 7;73

2 0.09
73

5
2.58
0+ 18

24
9
1

0.70
0 26
0+03

6 0.01
18 0.02

3 <0+01

10 0.06
30 0 ~ 18
15 0.09

2 0+09
36 1.67 7 0025

I 0004

7
6

Oe20
Oo18

47 0.05
4 <O.OL

210 1.28
2 0+01

13 0+38 928 1 06 276 1~69

10 0.93
10 0.93
84 3.89

2 0+09
I 0.0$

160
41

158

5+66
1.4$
5.$ 9

106
10
9$

3*10
0058
2.78

97 0.11
3 <0.01

160 0.18

73 0.45
2 0.01

212 1,29

6 Oe 18 ll 0.01 ' 0+05
1032 30 16 17797 10.24 13394 81,78

36 0.04 94 . 0+5730 Oogg

2270274
$ 1

6'2

3
5

131
102

8
"1$

'8

1

2
4
3

4$ 2

3.
6

39
7763

40
3

3552
$ 0

8
1
5
2

36
I

3993
132

2
7
1

14
4

90
143239

1
505

19
26
19
I

240

20
$ 543

78
1

49682
6871

2
4755

1

4024
175

1859
21
26

2

90.67
<0.01
<0.01
<0.01
<0 01
<0.01
<0.01
<0,01
<0 Ol
<0.01
<0 F 01
<0.01

<0.01
<O.OL
<0.01
<0.01
0.02

<0.01
<0+01
<0,01
0.31

<0.01
<0+01
0,'14

<0.01
<0.01
<O.OL
<0.01
<0.01
<0 01
(0.01

0 16
OoOL

<0+01
<0.01
<0.01
<0.01
<OA1
<0.01

5.72
<0. 01

0.02
<0.01
<0.01
<O.OL
(OoOL
0.01

<0 ~ 01
0 '2

<0.01
<0.01

1.98
0.27

<0.01
0.19

<0.01
0.16
0.01
0.07

<0+01
<0.01
<0.01

67249 2158 2827 3422 87928 16378 2504002

~Traveling screen collections; field counts cnd identification Rcviscd



TABLE IVG-8 (Continued)

JAMEs A. FITzPATRIGK NUGLEAR PowER PLANT - JANUARY-MARGH, 1977

JANUARY FEBRUARY MARCH TOTAL

back

)

Alewife
American eel
Banded killifish
Black crappie
Bluegill
Bluntnose minnow
Bowfin
Brook stickleback
Brown bullhead
Brown trout
Burbot

~ Carp
Central mudminnow

(Mudminnow)
Channel catfish
Coho salmon
Chub UID
Creek chub

, Emerald shiner
Fathead minnow
Freshwat'er drum
Gizzar d shad
Golden shiner
Goldfish
Johnny darter
Lake chub
Lake herring
Lake trout
Logperch
Longnose dace
Longnose gar
Minnows and Carps
Mottled sculpin
Northern hog sucke
Northern pike
~QStZIIY1~1LL sP.

(Salmonidae)
Pearl dace
Pugnose minnow
Pumpkinseed
Rainbow smelt
Rainbow trout
Redfin pickerel
Rock bass
XRIY~ULsp.

(Salmonidae)
Sea lamprey

(Cyprinidae)
Silvery minnow
Smallmouth bass
Splake trout
Spottail shiner
Stonecat
Tadpole madtom
Threespine stickle
Trout perch
Trouts (Salmonidae
Unidentified
Walleye
White bass
White crappie
White perch
White sucker
Yellow porch
Largemouth bass
Chinook salmon

~ 23

0
2
1

0
0

266
0
0

191

462
0
0

0
0
0
2

6032
0
0

126

0
0

23
6

73

0
478

20
0
1

1

241
0

86
3

104
0
0

0.28
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0. 11
0.00

0. 00
0.02
0. 01
0.00
0.00
3.25
0. 00
0. 00
2. 33
0. 02
0.01
0. 06
0. 09
0. 00
0.00
0.00
0.00
0. 00
0. 00
5 ~ 64
0. 00
0.00

0.00
0. 00
0. 00
0.02

73.66
0.00
0.00
1.54

0. 05
0.05

0. 00
0. 00
0.28
0.07
0.89
0.05
0.00
5.84
0.24
0 F 00
0.01
0. 01
2. 94
0. 00
1.05
0. 04
1.27
0.00
0.00

5
0
0
0
0
0
0
0
0
1

4
2

0
0
0
0
0

23
0
0

317
0
2
0
7
0
0

0
0

107
0
0

0
0
0
3

987
0
0

27

0
0

84
0
5
3
0

107
3
0
1

0
43

0
398

2
24

1

1

4

0. 23
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.05
0,18
0.09

0. 00
0.00
0.00
0.00
0.00
1. 06
0.00
0.00

14.59
0.00
0.09
0.00
0.32
0.00
0.00
0.00
0. 14
0.00
0.00
4.93
0.00
0.00

0.00
0.00
0.00
0. 14

45. 44
0. 00
0.00
1.24

0. 05
0. 14

0. 00
0. 00
3.87
0.00
0.23
0. 14
0.00
4 93
0. 14
0.00
0.05
0.00
1.98
0.00

18. 32
0.09
1.10
0.05
0.05

3075
3
0
0
1

0
0

1o6
8
0
1

0

23
1

1

0
2

77
0
0

78
6
2
0
3
0
0
0
1

0
0

45
0
0

1855
0
0

40

0
0

38
3

22
3
0

120
24

0
1

0
23

0
174

1

5(
0

4

53.07
0.05
0.00
0.00
0.02
0. 00
0.00 .

1.83
0. 14
0.00
0.02
0 00

0.04
0.02
0.02
0.00
0.03
1.33
0.00
0.00
1.35
0 ~ 10
0.03
0.00
0.05
0.00
0.00
0.00
0.02
0.00
0.00
o.78
0.00
0.00

0. 00
0. 00
0. 00
0. 07

32.02
0.00
0.00
0.69

0. 00 ~

0.00

0.00
0,00
0.66
0. 05
0.38
0. 05
0.00
2.07
0.41
0.00
0.02
0.00
0.40
0.00
3. 00
0.02

o.')o
0. 00

3103

106
8
2

2

23
3
2
0
2

366
0
0

586
8
5
5

17
0
0
0

0
0

614
0„,
0

0
0
0
9

8874
0
0

193

0
0

145
9

100
10

0
705

47
0
3
1

307
0

658
6

181
1
1

19.24
0.02
0.00
0.00

<0.01
0.00
0.00
o.66
0.04
0.01
0.09
0.04

0.14
0. 02
0.01
0.00
0.01
2. 27
0.00
0.00
3.63
0.04
0.03
0.03
0.11
0.00
0.00
0.00
0. 02
0.00
0.00
3.81
0.00
0.00

0.00
0.00
0.00
0.06

55.00
0.00
0.00
1.20

0. 03
0.04

0.00
0.00
0. 90
0.06
o.62
0.06
0.00
4.37
0.29
0.00
0.02

<0.01
1.90
0.00
4.08
0.04
1.12

<0.01
<0.01



of rainbow smelt from December to March. Occasionally during
the winter gizzard shad may dominate monthly collections.

c. L t F u
~Fh

A C s D t ut

Length frequency and age distribution of eight impinged species,
including all the representative important species are discussed

in this section so that these characteristics may be compared to
those fish collected from the lake by LMS and New 'Cork State

Department of Environmental Conservation (NYSDEC) to determine

if impingement is selective of certain age classes or sizes.

(i) Alewife

The monthly length frequency distribution for alewife
collected from the traveling screens at the FitzPatrick
plant during,1976 is presented in Figure IVG-10 and age data
in Table IVG»9. From January to March, the length frequency

distribution was unimodal; when viewed in relation to age

data this suggests that the alewives impinged during January-

March were age IIIor older.

During April, the length frequency distribution was bimodal,

indicating the presence of two-year-old fish in addition to
three-year-olds and older. A small number of yearlings were

also collected from January through April (excluding Febru-

ary). In May, a larger percentage of yearlings were col-
lected than 'during other months and fish age II or older
made up the remainder of the catch.

From April through June, 73 male and 112 female alewives
were randomly selected from the FitzPatrick impingement

IV-96
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LENGTH FREQUENCY DISTRIBUTION
FOR ALEWIFE

JAMES A. FITZPATRICK NUCLEAR POWER PLANT- l976
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FEBRUARY
(N=2)
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N TOTAL NUiMBER OF FISH ANALYZED FROM TRAVELING SCREEN COLLECTIONS OiN
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TABLE IVG-9

AGE CLASS DISTRIBUTION OF ALEWIFE FROM IMPINGEMENT COLLECTIONS

JAMES A~ FITZPATRICK NUCLEAR POWER PLANT — 1976

I~ WINTER (15 .JAN - 31 MAR)

MALES (N ~ 2)
TOTAL LENGTH cm

FEMALES (N ~ 2)b

TOTAL LENGTH cm

AGE CLASS I FRE UENCY MEAN RANGE I FRE UENCY MEAN

IIIIIIII
V

0
0

50e0
0

5000

16.40

15.40

0
0

100'
0
0

15 ~ 90 15 ~ 2' 16.6

Collected 31 Mar
b Collected 15 Jan - 25 Mar- ~ Not applicable

II. SPRING (11 APR - 31 JUN)

MALES (N ~ 73)
TOTAL LENGTH cm

FEMALES (N ~ 112)b

TOTAL LENGTH cm)

AGE CLASS
IIIIII

IV
V

VI

I FRE UENCY
0
6.8

52+ 1
31. 5

9 ~ 6
0

MEAN

14. 76
14. 24
15.34
16 ~ 21

12.5 - 15 7
12 ~ 5 - 16 4
13.7 - 16 5
15 1 — 16 6

I FRE UENCY

0
1 8

54'5
230 2
18 ~ 7

1 8*

13 65
14.67
16.01
16.50
16 75

RANGE

12 5 - 14 8

12 8 - 17.9
U6-17 ~

15.5 - 17.4
16 5 - 17.0

Collected 14 Apr - 16 Jun
b Collected 11 Apr — 30 Jun- ~ Not applicable

III'UMMER (7 JUL — 8 SEP)

MALES (N ~ 105)
TOTAL LENGTH cm

FEMALES (N ~ 91)b

TOTAL LENGTH cm

AGE ~ CLASS
IIIIII

IV
V

VI,

I FRE UENCY
1 ~ 0

26+7
50 5
19 ~ 0
1.9
] 0

MEAN
13. 60
14. 48
14. 44
15 85
15 45
17.70

12.6 - 16.7
12.6 - 16 8
13 ~ 5 - 17.3
15 0 — 15.9

le 1

30 8
27 5
33 '

6 '
1.1

MEAN
10 ~ 5
14.52
14. 69
16 ~ 38
16. 12
15.80

RANGE

12 ' - 16.4
13. 3 — 17. 1

13 ~ 3 - 17.9
15 ~ 7 - 16.5

Collected 7 Jul - 8 Sep
b Collected 7 Jul — 18 Aug

Not applicable

IV. FALL (29 SEP - 22 DEC)

MALES (N ~ 50)
TOTAL LENGTH cm

FEMALES (N ~ 69)b

TOTAL LENGTH cm

AGE CLASS I FRE UENCY MEAN RANGE I FRE UENCY MEAN RANGE

IIIIII
IV

12 ~ 0
40.0
46.0
2.0

14 ~ 40
14. 74
15 ~ 27
16 z20

13 1 — 15.5
13.3 — 16. 7

13.7 — 17 '
2 ~ 9

37 ~ 7
53 6
5.8

13. 05
15 ~ 36
15. 60
16.45

12.8 - 13+3
12.5 - 17.2
13.5 — 17.3
15 ' - 17.4

Collected 29 Sep - 15 Dec
b Collected 29 Sep - 22 Dec
- ~ Not applicable



catch and analyzed for age. Age III fish accounted for the

highest percentages impinged of both sexes, with 52. 1$ of
the males and 54.5$ of the females. Male alewife collected
with bottom gill nets during the same period showed a

slightly different age composition, with age III fish
accounting for only about 44$ of the male alewife co'llected

from the lake (LMS 1977, Table VII-9).

This difference in age structure between impinged fish and

those collected with gill nets during the spring is more

pronounced for females than for males. Gillnetted age IIZ
females represented only about 27$ of the females collected
from the lake with 64.5$ older than age III fish (LMS 1977,

Table VII-9), whereas impingement collections contained

54.5C three-year-old females and only 43.7$ older than age

III fish. This may be due to either the inability of the

gill nets to collect age III females or the selective
impingement of younger fish. The Yankee trawl collections
contained a 'high percentage (21$ ) of yearlings in June

(Figures IVG-3 and IVG-4).
I

During the summer, the age class distribution of impinged

fish changed only slightly from that obser ved during the

spring. Female age class distribution showed either fewer

older individuals (age III-V) or more younger fish (age II).
During the fall, the greatest percentage of male alewife
impinged (86$ ) were age II and III fish, while 91.3$ of the

females were in these age classes (Table IVG-9). .The

recruitment of young-of-the-year fish occurred during
September, October, and November (Figure IVG-10). Recruit-
ment of young-of-the-year to the Yankee trawl collections
also occurred from September to November (Figures IVG-3 and

IVG-4).
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(ii) Rainbow Smelt

Age class distribution for rainbow smelt collected in
impingement during 1976 is presented in Table IVG-10 and

length frequency in Figure IVG-11. Yearling rainbow smelt

(4-7 cm) dominated the smelt collections from January to
June (Figure IVG-11), although the age data suggest older
fish were dominant (Table IVG-10). The discrepancy is
probably due to the low numbers of fish for which age was

calculated.

During the spring, 65.0$ of the males collected were three-
year-olds while 20.4$ were four and 3.8$ were five-year-
olds. The age class distribution for females during this
time was more evenly divided, with age III fish accounting
for 43.2$ , four-year-olds accounting for 28.4$ , age V fish
accounting for 21.3$ , and age VI and VII accounting for 5. 1$

(Table IVG-10) .

The age class distribution for rainbow smelt in impingement

collections differed from the distribution of ages for fish
from gill net collections (LMS 1977, Table VII-10). The

gillnetted male rainbow smelt were 'dominated by age class
IIIwhich represented between 85 and 88$ of lake collections

'LMS 1977, Table VII-10), whereas age III males accounted

for only 65$ of impingement collections. Gillnetted female

rainbow smelt showed a bimodal age class distribution in
collections with 59$ age III, 9.4$ age IV, and 23.9$ age V

fish. Gill nets apparently sample older individuals more

effectively, whereas impingement age distribution is more

heavily dominated by younger fish.
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TABLE IVG-10

AGE CLASS DISTRIBUTION OF RAINBOW SMELT FROM KMPINGEMENT- COLLECTION

JAMES A FITZPATRICK NUCLEAR POWER PLANT - 1976

GE CLASS

MALES (N ~ 5)
TOTAL LENGTH cm

I FRE UENCY MEAN X FREQUENCY

FEMALES (N 3)
TOTAL LENGTH cm

RANGE

I'I

III
IV

V

20 0
60.0
20 0

0
0

12 '
14.0
15 2

12 3 - 15 3
0

33.3
3303

0
33 '

13.0
14.3

21.8

Collected 17-18 Mar
bCollected 14 Jan - 10 Mar
— ~ Not applicable

II~ SPRING (2Z APR — 30 JUN)

MALES (N ~ 157)
TOTAL LENGTH cm

FEMALES (N ~ 155)
TOTAL LENGTH cm

AGE CLASS X FRE UENCY
10 2
65 '
20 4

3+8
0.6

13. 65
14 65
15.60
18.90

.17.40

IIIII
IV

V
VIe viz

Collected 22 Apr - 13 May
bCollected 22 Apr - 30 Jun- ~ Not applicable

RANGE

11 ~ 3-161
lie 1 — 19.8
13 2 - 23 6
17.3 - 20.5

X FRE UENCY
1 9

43.2
28.4
21 3
3.2
1.9

MEAN

14 73
15.17
17.24
20 24
20 '8
21 '0

RANGE

13 ~ 1- 17 ~ 5
125-213
12 9

-" 20 ~ 6
15. 2 — 26.5
17.3 - 24.5
18.4 - 23.9

III~ FALL (27 OCT - 29 DEC)

MALES (N ~ 26)
TOTAL LENGTH cm

FEMALES (N ~ 42)b

TOTAL LENGTH cm

AGE CLASS I FRE UENCY X FRE UENCY MEAN

IIIIII
IV

30~8
23 1

34+ 6
11 5

15 ~ 13
15 82
16.71
17.43

13 7 — 17 0
14 9 - 17.3
15.7 - 18.1
16.7 — 17.9

21.4
35 7
31 '
11 9

14 54
15 99
17 62
21.36

13 1 - 16.0
14 4 - 17 7

14.6 - 19+9
19.3 - 22.7

Collected 27 Oct — 29 Dec
b Collected 27 Oct - Z9 Dec



FIGUR E IVG-1g

LENGTH FREQUENCY DISTRIBUTlON
FOR RAlNBOW SMELT

JAMES A. FITZPATRICK NUCLEAR POWER PLANT- 1976
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LMS Yankee trawl collections, however, were also dominated

by younger fish (Figures IVG-3 and IVG-4) as were impinge-

ment collections.

During the fall the percentage of one-year-old rainbow smelt

in impingement increased to 30.8$ for males and 21.4$ for
females. The recruitment of young-of-the-year fish to im-

pingement collections occurred in August and they dominated

the collections from September to December (Figure IVG-11).

Generally the majority of impinged rainbow smelt were young

fish, ranging from young-of-the-year to age class II.

(iii) White Perch

Age was not calculated for white perch collected from the

traveling screens at FitzPatrick; however, a length fre-
quency distribution by month was constructed (Figure IVG-12).

During January, the impingement collections contained fish
in a range of sizes representing various ages. From Fe-

bruary through June, yearling white perch dominated the

impingement catch, while recruitment of young-of-the-year

into the impingement collections began in September and

young-of-the-year dominated the catch from September until
November. In December, fish in a wide range of sizes were

collected.

The length frequency distribution for white perch collected
from the lake (Figure IVG-8) when compared to the impinged

length frequency (Figure IVG-12) demonstrate that impinge-

ment collections consist mainly of younger fish while field
collections consist mainly of older fish. Generally, as

with the rainbow smelt, younger white perch represented the

majority of impinged fish.
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FIGURE IVG-l2

LENGTH FREQUENCY DISTRIBUTION
FOR NHITE PERCH

JAMES A. FITZPATRICK NUCLEAR POWER PLANT- l976
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(iv) Yellow Perch

Age was not calculated for yellow perch collected from the

traveling screens at FitzPatrick; however, length frequency

data were tabulated (Table IVG-11). Yearling yellow perch

(6-9 cm) dominated „the impingement collections from January

through July, while from March through August a small
percentage of larger fish were collected. Fish 12-16 cm

represented the majority of the impingement collections from

September through December. Recruitment of young-of-the-
year yellow perch to impingement occurred during October

through December (Table IVG-11).

The length frequency data for fish collected in the lake
(Table IVG-5) when compared to the impingment length fre-
quency suggest that yellow perch impingement samples ap-

proximately the same age distribution of fish as do the gill
nets.

(v) Smallmouth
Bass'ge

was not calculated for smallmouth bass collected from

the traveling screens at FitzPatrick; however, length
frequency data are presented in Table IVG-12. From January

to May the majority of smallmouth impinged were young fish
(yearlings = 7.6 to 13.10 cm; LMS 1975, Table VII-34).
Later in the year, from June to December', the length fre-
quency data, are based on few fish and reveal no particu'lar
trend. Older (larger) fish predominated the lake collec-
tions (Table IVG-6), suggesting that impingement is selec-
tive for younger fish.
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TABLE IVG-IT

LENGTH-FREQUENCY IjF YELLOW PERCH

LENGTH
INTERVAL

(CV)

JAMES A.

JAN
NO~ PCNT

FITZPATRICK NUCLEAR POWER PLANT - JJQtUARY JUNE, 1976

NUHGER OF. FISH
HAR APR

NO ~ PCNT NO PCNT
HAY

NO+ PCNT
JUN

NO+ PCNT

~ 1-
1 ~ 1-
2 ~ 1-
3 ~ 1-
4 ~ 1-.
5 1-
6 ~ 1-
7 ~ 1-
Sa 1-
9 ~ 1-

10 ~ 1-ll~ 1-
12 ~ 1-
13 ~ 1-
14 ~ 1-
15 1-
16 ~ 1-
17 ~ 1-
18'-
19ol-
20.1-
21 ~ 1-
22 ~ 1-
23 1-
24 ~ 1-
25 1-
26. 1-
27 ~ 1-
28 ~ 1-
29 1"
30 ~ 1-

'1oO
2.0
3 '
4 '
5 '
6 '
7+0
8+0
9 '

10 'll 0
12 '
13 '
14.0
15 '
lkaO
17 '
18 '
19 '
ZO.O
21 ~ 0
22~0
23+0
24.0
25iO
26oO
27~0
28 '
29 '
30 '
31 '

0
0
0
0
0
1
3
7

13
~,23

7
9
0
1
0
0
0l.

~ 3,
.2

~ 0
~ 0
~ 0
~ 0
~ 0

1 ~ 3
3 '
8 ~ 9

16+ 5
29 F 1

8 '
11 '

~ 0
1 ~ 3

~ 0
~ 0
~ 0

1 ~ 3
3 '
2 5
1 ~ 3
1 ~ 3
2 '
2+.5

1
1
0
0
1

1 ~ 3
i+3
.0
~ 0

1 '
~ 0

0.' 0

0
0
0
0
0
1

0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0

~ 0
~ 0
~ 0
..0
~ ~ 0
~ 0
~ 0
~ 0

50 ~ 0
~ 0
~ 0

: ~ 0
~ 0
~ 0
~ 0 ~

~ 0
~ 0

~ ~ 0
oO
~ 0
~ 0

0
50 ~ 0

~ 0
~ 0

'oO
iO
~ 0
~ 0
~ 0
~ 0

0
0
0
0
0
1 ~

3
10

4
2

?
0
0 .
1

0
1
0
5
0
2-
1
5
0
3
1
1
0
0

.0
0

~ 0
~ 0
~ 0
~ 0
~ 0

2 ~ 2
6 '

21 '
8 '
4 '
8 '
4 '

~ 0
~ 0

2 ~ 2'
0

2 ~ 2
~ 0

10 '
~ 0

4 '
2 '

10+9
~ 0

6 '
2 ~ 2
2 ~ 2

~ 0
~ 0
~ 0
~ 0 ~

2
2
2
1

1
2
2
3
3
1

6
'6

1

3
1

0

0
1

2 '
2 '
2 '
1 ~ 3
i+3
F 6
2 '
3~8
3 '
I ~ 3
7 ~ 7
70 7
5 1

1 ~ 3
3 '
1 ~ 3

~ 0'
~ 3
~ 0

1 ~ 3

0 ~ 0
0 ~ 0
0 oO
0 ~ 0
0 ~ 0
0 ~ 0
6 7 '

12 15 ~ 4
5 '

6 7 '
8 10 '

0
0
0
0
0
0

21
21

9

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

13 ~ 5
13 '

5 '

5
5
5
6

0
3
1

1

2
1

0
1
0

3 ~ 2
3 ~ 2
3 ~ 2
3 '
3 '

~ 0
1 ~ 9

~ 6
2 '

~ 6
1+3

~ 6
~ 0
~ 6
+0

5 3 ~ 2
17 10 ~ 9
20 ~ 12 ~ 8

5 8
4 ~ 5
2 ~ 6
i+9

0 ~ 0
0 oO
0 ~ 0
0 ' 0
0 oO
0 ~ 0ll 21 ~ 2
9 17 ~ 3'

9 '
0 ~ 0
6 11 ~ 5
7 13 '
0 ~ 0
0 ~ 0,
0 ~ 0
2 3 '
1 1 ~ 9
0 ~ 0
2 . 3 '
2 3 '
1 1 9
2 3 '
0 = ~ 0'

1 ~ 9
3 5 '
0 ~ 0
0 .. ~ 0
0 ~ 0
0 ~ 0
0 ~ 0
0 ~ 0

TOTAL'OLLcCTEO

TOTAL - ANALYlED
HEAR, LENGTH
YARIANCE

81

79
11 ~ 8
28 ~ 17

2
15 8
9S ~ 03

'46

46
14 0
47e30

179

78
14 '
47+67

680

156 ~

12 ~ 7
30 ~ 32

57

52
lle8
32.73

* Traveling screen collect|one on scheduled |nplngemeac days



TABLE IVG-ll (Continued)

LF«CTH-f.REUUENCY "«IF YELLOW PERCII

JAMES A, FITZPATRICK NUCLEAR POKIER PLANT - JULY - DECEIIER«1976

LE )CTI(
I NTrRVA«L

I CII )
J«IL

NO ~ PC«IT
AUG

NO ~ PCNT

NUMnER
SEP

NO ~ PCNT

<)F FISH
OCT

NO ~ PCNT .

NOV
NO ~ PCNT

OEC
NO« PCNT

1-
1 1-
Z«I-
3 ~ 1-
«. 1-
5 ~ 1-
b. 1-
/. 1-
8«1-
9 ~ 1

1'.1-ll~ I-
12 ~ I-
13. 1-
14 ~ 1-
15« 1-
lb«1-
1 I ~ 1-
1 d. I-
19«i
2J.1-
zl.1-
22 '-
23 ~ 1
25«l
27 ~ I-
2)i. 1-
27« I-
2d« I-
29« I-
3i«1-

1 ~ .)
2 ~ 3
3.v'

~ ~ >

5.J ~

)«. >

7 ~ J
9.'J
9 0

l0 ~ ~t

11")
12 ~ i
13. J
l4 ~ J
15 ~ >

16..«
11. J
18 ~ J
19 ~ i.
2'0 ~ J
21 ov
22
23 ~ 0
84 ~ yl
i.5 ~ J
26. z

27.U
2 II ~ J
29 «'I
3i ~ J ~

31 ~ .>

)J

0

0
0
0
2
6

Ib
13

8
5
3
2

2
6
2
3
3
0

5
1

0
0
2
0
2
1

~ 0
«0
~ 0
~ 0
~ 0
~ 0

2 ~ 0
6 ~ 0

Ib.n
13 '

8«0
5 0
3 '
2.0
4.0
2 '
6 ~ 0
2 '
3.0
3.0

~ 0
II 0
6.0
B.n
1 ~ 8

~ 9
~ 0

2 ~ 0
~ 0

2 ~ 0

0
0
0
J

-0
C

0

U

5
7
8
7

. 6
7
i
6

1

1

5
4
II
2
3
0
0
3
1

~ 0
~ 0

0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

6 ~ 3
8 +9

IO F 1
8 '
7 ~ 6
8 '
b«3

1

7 '
6 ~ 3
1 ~ 3
1 ~ 3
6 ~ 3
') ~ 1

2 ~ ')
2 ~ 5
3 ~ 8

«0
«)J

«0
1 ~ 3

~ 0

0
0
0
0
0
1

1
0
0
1

2
9ll

, 16
21
14

8
10

9

6
5

0

«3

0

~ U

~ 0
~ 0
~ V
~ 0
~ 7
~ 7
~ U

' U
~ 7

6«4
7 '

llew

4
15 '
10 «u.

5 '
7 ~ 1

10 '
6 ~ )«

2 ~ 9

3 ~ 6
2 ~ 1

~ U
2 ~ 'J

~ U
~ V
~ 7
~ U

0 ~

0
U
0
0
0
0
1
1

,2
0
0
2
5«

24
18
13

7
6
5
1

2
I

. 0
0
(I
0
?
2
0
1

0

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

1 ~ 1

1 ~ 1

2 ~ 2
~ 0
~ 0

2 ~ 2
5 ~ 4

25.8
19 '
14 '

7 ~ 5
6 5
5 '
1 ~ 1

2 ~ 2
1 ~ 1

~ 0
i0
~ 0
~ 0

2 '
2«2

~ 0
1 ~ I

~ 0

0
0
0

1
2

19
13
11

1
0

12
15
22
21
'13

5
3
5
2
0
2
0

0
0
l.
0
0
'0

-0

~ 0
~ 0
~ 0
~ 0
~ 7

] 4
12.8

8 ~ 8
7 ~ 4

~ 7
~ 0

8 ~ 1
10 ~ 1

14 ~ 9
14 ~ 2

8 ~
8'

~ 4
2 '
3 '
l. ~ 4

~ 0
1 ~ 4

~ 0
«Q
«0
~ 0
~ 7
~ 0
~ 0
~ 0
«0

'0
0
0
0
1
0

25
18

6
5
1

12
29
41
28
21

7

3
1

1

0

U
0

0

~ 0
«0
~ 0
~ 0
~ 5
~ 0

12 '
' '

2 '
2 '

5
5 '

13 9
19 F 7
13 '
10 1

3 4
1 ~ 9

.1 ~ 4'
5

~ 0
~ 5
~ 0

lao
«II
~ 0
~ 0
~ 0
~ 5
~ 0
~ 0.

I'UTaL OLLECTE0

TUIAL A';ALYCLO
A'i L. Ili III

vnRIAN'E

195

I JO
14.6
4 > ~ 4J

79
lb ~ J
23. 32

158

14U
16 ~ 4
l5 ~ Ib

93
15 A %

14 55

148
12 ~ 3
lb ~ 30

212

208
12 ~ 6
14 ~ 93

*Traveling screen collections on schcdulcd imPingemenc days



TABLE IVG-12

LE'IGTH-FRtOVENCV UF SHALLHOVTH LASS

LE%0TH
INLERVAL

IGNI

NINE HILE POINT NUCLEAR STATION UNIT 1 JANUARY JIBE j 1976

NVHNCN OF FISH
'JAN FEO HAH APH

NO, PCNT NO ~ PCNT „ NO, PCNI NO ~ PCNT
HAY

NOe PCNT
JVN

'Oe

PCHT

~ 1-
1 ~ 1-
2 ~ 1

3 1-
4 ~ I
5 ~ 1-
ae 1-

LJ ~ 1-
sl ~ I
12 ~ 1-
L) 1-
14 ~ I-liel-
lbe 1-
17 ~ I-
L4 ~ 1-
19. 1-
Zii~ 1

21 ~ 1-
22 ~ 1-
23 1-
24
2'I ~ 1

Zc ~ 1-
27 1

Zne I-
Zse 1-
3) ~ I
Al 1-
32 ~ 1

3) ~ I
34 ~ 1-
35 ~ I-
3 be 1"
37 ~ 1

3del
3)el
4 ).1-
4L. 1-

leJ
2 '
)eJ
4 ~ i)
5 '
be)'r. I.
des
9 ~ J

10e i
lie)
12 ~ ~ I
13 ~ 3
14 ~ )
15.J
lb ~ )
17. )
l8 ~ I
L9.0
Z)e J
21 ~ 9
ZZ ~ )
Z) ~ )
2'
25 J
2bei
2 7 ~ .'i

ZR ~ )
29e I
)U ~ J
31 ~ )
3Z ~ )
13e J
3'
35 ~ J
)be )
'17 ~ ii
38 J
39 ~ 'I

43 ~ J
41ea
42 ~ il

0
0
0
0
0
0
1
0
6

20
13
ZO

3
0

0
0
0

0
3

0
9
I
0

0
0
J
a
0

2
0
0
1

0

~ 0
~ 0
ea
~ 0
~ 0
~ 0

le 1

~ 0
6 ~ 8

22 ~ 7
14 '
22 'll~ 4

3 '
~ )
.0
~ )
~ 0
~ 0

~ 0
3 '
2 '
I ~ I
1 ~ 1

.1 ~ 1
~ te

,n
LE I

~ 0
~ ~ I)

~ ea
~ 1
~ 0
,0
~ ')

3 ~ 4
2 ~ 3

~ 0
s)

lel
~ 0

0

0 ~

C

0
1

0

0
J
0
0
0
0
b'l

~r

I)
J
0
0

i'I

,'

J

~ 0
~ 0
~ 0
~ 0
~ 0
.0
~ 0
~ 0
~ 0
~ 0

bber
~ 0

3) ~ 3
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

~ 0
~ )
~ J
~ 0
ea
~ a

~ 9
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
.n
~ 0
~ 0

0
0
0
0
0
0
0
1
1
4

2
0
0
0
0
0
0
0

0
-1

0

0
'0
0

.a
0

J
0
0
2
0
2
0
0
a
0

~ 0
~ V
~ J
~ U
~ J

, ea
.e0

5e9
5.9

23eo
23 '
11 ~ 8

~ 0
~ J
~ 0
~ J
~ J
~ J
~ J
~ J
~ lI

5e9
~ J
~ J
~ V
~ V,
~ J

"eQ
~ U
~ J
~ J
~ J
~ b
~ V
~ 0

ll,u
~ J

lied
~ J
~ 3
~ J
~ J

0

ar
0
0
0

0
I
1

2

1

0
0
0

n
0

0
0
'I
0
0
0
.)

0
9

~
y

0

2
0
1

eO
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

12 '
12e5
25 '

~ 0
~ 0

12 ~ 5
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

.ea
~ 0
ga
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
e0

ZSea
~ 0

12.5
~ 0

0
0
0
0
0
0
1

1
7
4
2
6
1
0
0
0
0
0
1
0
0
0
0
0
0
)
0

0
0
0
0
0
0
0
0
0
a
0
0
0
0

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

4 ~ 3
4 ~ 3

30 '
Lre4

8 '
26 '

4 '
~ a
~ 0
~ 0
~ 0
~ 0

4e3
~ 0
ea
~ 0
~ 9
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0-
~ 0
~ 0
~ 0

0
0

0
0
0
1
0
0
0

'0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0

1

1

a
0

~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

33 ~ 3
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
.0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0
~ 0

. ~ 0
~ 0
~ 0
.a
.a
ea
~ 0
~ 0
~ 0

33 ~ 3
3'

~ 0
~ 0
~ 0
~ 0

tVTAL COLLCCTEO

tOTAL «IIALYICO ', AR
HEA'I Le.'IGTII 1'
VARIANCE. 59 17

5 ~

3
10 '

F 28

18

17
17eV

131 '5
R

21 F 2
218 ~ 12

23
10.2

5 '3 28 '
209 '0

s ravaBnE sctacn collccelons on achedslcd lnphEcncnt days





(vi) Threespine Stickleback

It was not possible to analyze age directly for the three-
spine sticklebacks collected from the traveling screens of
the FitzPatrick plant. Length frequency distribution
revealed that the majority of the threespine stickleback
analyzed from impingement collections were 5.5 cm long
(Figure IVG-l3), which probably represents fish in age class
II. Similar lengths have been reported for two-year-old
threespine stickleback by Greenbank and Nelson ( 1958) and

Brian and Power ( 1973), both from northern North America.

(vii) Other Species

Insufficient numbers of br own trout (eight) and coho salmon

(four) were collected from impingement collections to
warrant an analysis of length frequency.

3. E te I n F zP k

The annual estimate of impingement at the FitzPatrick plant was

derived as follows. Impingement'data were extrapolated to obtain an

'estimated monthly total by multiplying the mean number- of all fish
collected per hour in each month (adjusted for non-operating screens)

by the percentage of each species impinged during that month times

the number of hours in the month. These values were totaled for the
months in each year during which sampling was conducted.

An estimated 87,786 fish were impinged from September to December

1975, 4,313,562 from January to December 1976, and 38,441 from

January to March 1977. This is a total of 4,439,789 fish for the
19-month study (Table IVG-13).

IV-101



LENGTH FREQ e. CY DISTRIBUTION
FOR THREESPINE STICKLEBACK

JAMES A. FITZPATRICK NUCLEAR POWER PLANT —l976

WINTER (JAN MAR)

N= 641

SPRING (APR- JUN)

N= 5207

SUMMER (JUL-SEP)

N=658.
FALL (OCT- DEC)

N= 25l

80

0 60

~O0

O
ni

40

O

20

0
0 6 9 0

LENGTH (CM)

N = TOTAL NQ1BER OF FISH ANAI.YZED FROM TRAVELING SCREEN COI.LECTIONS ON SCHEDULED I>1PINGE11ENT DAYS

X = FISH ANALYZED, BUT REPRESENTING <.1% OF SAm'LE ANALYZED



ND'ABLEDG-13

I N HTCLE N

JAMES A. PITZPATRICK NUCLEAR POWER PLANT - 10 SEPTEMBER - DECEMBER 1975

OV

Alewife
American eel
Black crappie
Bluegill sunfish
Bowfin
Brown bullhead
Brown trout
Carp
Channel catfish
Creek chub
Emerald shiner
Preshwater drum
Gizzard shad
Johnny darter
Lake chub
Lake trout
Largemouth bass
Longnose dace
Mottled sculpin
Mudminnow
Pumpkinseed
Rainbow smelt
Rock bass
Sea lamprey
Smallmouth bass
Splake (hybrid

Lake trout)
Spottail shiner
Stonecat
Threespine

stickleback
Trout perch
Walleye
White bass
White perch
White sucker

8534
3
0

28
0
9
3
0
0
0
0
0
9
9
0
0
0
0

46
0
0

295
18

0
9

0
166
28

92.6
<0. 1.

0.0
0.2
0.0
0.1

<0.1
0.0
0.0
0.0
0.0
0.0
0.1
0.1
0.0
0.0
0.0
0.0
0.5
0.0
0.0
3.2
0.2
0.0
0.1

0.0
1.8
0.2

0.0
0.1
0.0
0.0

<0. 1

0.1
4

12978
7

19
915

2
2
0
2
2
0

19
6

579
75

0

7
6

149
0
0

3249
37

2
19

0
317

~ 93

2
19
0
0

93
7

69.5
<0. 1

0.1
4. 9

<0. 1

<0. 1

0.0
<0. 1

<0. 1

0.0
0.1

<0. 1

3.1
0,4
0.0

<0. 1

<0. 1

<0. 1

o.8
0.0
0.0

17. 4
0.2

<0. 1

0.1

0.0
1.7
0.5

<0. 1

0.1
0.0
0.0
0.5

<0. 1

17876
2
7

177
2
2
0
0
0
2
7
7

1353
67

0

0
0

421
22

2'l51
22

2
22

77.5
<0. 1

<0. 1

0.8
<0. 1

<0. 1

0.0
0.0
0.0

<0. 1

<0. 1

<0. 1

6.1'.3
0.0'0.1
0.0
0.0
1.9
0.1

<0. 1

9.7
0.1

<0. '1'.1
2 '0-1

310 - 1.4
67 0.3

67 '.3
22 '.1

0 0.0
0.2111'. 5

7 — <0. 1

22863
0
0

113
0

19
0
0

0
11

7772
15

8
11

0
8

264
8
8

5508
75

0
15

6o.6 61561
0.0 12
O.o 26
0. 3 1233
0.0 4

<O. 1 32
0.0 3
0.0 ~ 2

<0. 1 13
0.0 2

<0. 1 37
<0.1 17
20. 6 9713
<0.1 166
<0.1 8
<0. 1 19
0.0 7

<0. 1 14
o.7 88O

<0. 1 30
<0. 1 12
14. 6 11203
0.2 152
0.0 4

<0. 1 65

70. 1

<0. 1

<0. 1

1.4
<0. 1

<0. 1

<0. 1

<0. 1

<0. 1

<0. 1

<0. 1

<0. 1

11. 1

0.2
<0.1
<0. 1

<0. 1

<0. 1

1.0
<0. 1

<0. 1

12. 8
0.2

<0. 1

0.1

75 0.2 144
38 0.1 88

<0.1 4
340 0. 9 384
151 0. 4 358

8 <0.1 31

0.2
0. \

<0. 1

0.4
0.4

<0. 1

4 <0.1 6, <0.1
264 0.7 1057 1.2

19 <0. 1 ~ 207'. 2

No. HRS. SAMPLED 216 336 288 239

~Estimated.



TABLE TVG-13 (Continudd)
AOUNOANCE AND PERCEl'lf COHPosltlON OF IHI'INGEHENT COLLECTIONS

JAHES A ~ F ITLPATRICK NUCLEAR VOMER I'LAN) - JANUARY - APRIL, 1976

SP"C)t:5

ALEMIFE
AHEKICAU ECL
8A')DED 8 ILLIF I SH
OLACK CRAPPIE
BL))EG tLL
i)LV')TNI)SE P INNOM
8UMF I.'0
Bitt)JK ST ICKLE8ACK
OKHMV buLLilEAO
8RGMV teout
euenof
CAPP
CE'ITRAL Hui!H!4"lUM (MUDMINNOII)
CHAV'VEL CAfFISH
co)L) sALkuv.
Cl!UB UID
CREEK Cuuli
EHEitAL)i Sill!)CR
FATHEAU Hl'Vboil
fhcskiiATCit UKtik
GII ARD SHAD
Gt)LOE'I Su)VCR
SULJF I SH
Jot)VVY OAit I ~ K
LAitE Cltun
LAKE H;iiR I')G
LAKE TRnu)
Lt) N) cRf H
Lt)NGito ." DAcc
LONG')USE GAtt
PI!)NON,'s C CARPS
HufTLE!) SCut.pIH
VJK THE'4'.I Bpn SUCKER
luit tHERV PIKE

n tcnRHY )c)tus sr (SAIJ~NIDAE)~BK SAAc
Pus'l )SE 4)!IVUM
Pt(HPK IVSEC:)
RA I:)ROM SMELT
AAI')BUM TRuut
MEDFIN PICKEREL

l~iVFii~ i iP <iiuamiia>i if'e =Y
SEi Ot ILUS SP (CYPRINIDAE)

YKVI>if!!I!INO)l
SHALLHt!UTH BASS

SPLAKE TROUT
Sl OTTAIL SHI«ER
Stu!iFCAT
TADPOLE )tht) IOH
tt)hEESPINE STICKLEOACK
TR))UT PERCH
TRUVTS (SALHONIDAE)
')NIDE47 IF I CD
MALLEYC
Mil)TE bASS
MHIIE CKAPPIE
MHI TE ticttck
MHITE SUCKER
YELLoii PERCH

i'lo~

6792
0
0
2
2
0
0
0

14
0
0
0
5

4e

0
5

117
0

60
849

12
2

12
2
0
5
0

14
2
0

210
0
0
0
2

.0
14

2496

0
124

0
5
0
0

219
0

493
2
0

21
7
0
0
2

207
0

260
10

193

JAN

PCNT

55 '
0 ~ J
Oro

0 ~ 0
0 ~ 0
0 ~ U
0 ~ I
0 '
0m
0 ~ 0

0 ~ 4
0 ~ J
0 ~ 0

1.0
0 ~ i)
0 ~ 5
7 '
Or 1

Or 1

OrJ
4

0 ~ 0
Or I

ti
Orn
I ~ 7
0 ~ 5
0 ~ 0
0 ~ 0

4
0 ~ 0
nr I

2nr4
0 ~ J
0 ~ 0
I ~ 0
0 ~ 0

5m
.0 ~ 0'1.8

0 ~ 0
4 '

4
0 ~ 0
0 ~ 2
Orl
0m
0 ~ V

Ir 7
Oru
2 ~ 1
0 ~ I
lr6

Nor

5
0
0
0
0
0
u
U
0
0
0

7
0
0
0

34
0
5

456
2
0
5
0
0
0
0

10
0
0

51
0
0
0
0
0
0

432

0
22

0
0
0
0

12

0
68

0
0

22
2
0
0
0

14U
0

17
0
5

FEt)

PCNT

0 '
nrn
000
Oro
Orn
Orn
Oro
0 ~ 0
0+0
0 ~ 0
0 ~ 0
Oro
0 ~ 4
or5
0 ~ 0
0 ~ 0
Oro
2 '
Orn
Or4

35 ~ I
0 '
0 ~ 0
nr4
Oro
Or 0
o.n
0 ~ 0
0 ~ 8
0 ~ 0
000
3 ~ 9
0 0
Orn
Orn
0 ~ 0
0+0
Oro

33.2
Oro
Oro
1 ~ 7
000
0 ~ 0
0 ~ 0
0 ~ 0
0 ~ 9

Oro
F 2
0 ~ 0
5 ~ 0
1 ~ 7
0 '
0 ~ 0
Oro
0 ~ 0

10 ~ 8
Oro
1 ~ 3
0+0
0 ~ 4

No ~

10504
0
0
2
2
0
0

168
11

2
0
0

133
18

0
0

237

13
10991

7
2
9

11
0

0
49

0
0

221
0
2
0
0
0
2

20131
0
2

IU9
0
2
0
2

40
0

357
4
0

2463
82

0
0
0

3450
0

9ol
0

102

HAR

PCNT

21 ~ 0
0 ~ 0
0 ~ 0

0 ~ 0
0 ~ 0
Or3

4

Oro
Oro
Or3

Orn
Oro
0 ~ 0
Or5

22 an

0 ~ 0

Orn
0 ~ 1

Orn
Orn
0+4
Oro

0 ~ 0
0 ~ 0
0 ~ 0

40r2
0 ~ 0

0 ~ 2
0 ~ 0

0 ~ 0

Or 1

Orn
0 ~ 7

Orn
4 '
Or2
0 ~ 0
Oro
Or 0
brS
0 ~ 0
1 ~ 8
n.n
Or2

Nnr

637897
3
0
3
8
5
0

60
7
2
0
0

52
2
0
0
2

112
22

3
1571

, 8
2

103
10

0
0
2
2
0
2

1792
0
0
2
0
8

15
34045

0
0

68
n

10
0
0

18
5

551
20

0
6287
2615

0
0
2

1458
0

2387
7

298

APR

PCNT

92 5

Orn

0

Oao

0+0
0 ~ 0

Oro
0 ~ 0

Or2

I
4

Or 0
0 ~ 0

~ i

0 ~ 0

Or 3
Or 0
0 ~ 0

0 ~ 0

0
4 '
Oro
0+0

0 ~ 0
I~

0+0
0 ~ 0

4
0 ~ 1

0 ~ 0
Or9
0 ~ 4
Orn
Oro

0 ~ 2
Oro
Or3

~ i

TOTAL

TOTAL PoiltilLY FLOM SAH)'LEO I)tG)
tOTAL Huuits SAMPLED

12208'" 99 ~ 7

4147
3 1? ~ 08

1330 100.1

2070 .
288 F 40

50037 99.8

39t) 2
335r95

689466 8

9349
432 F 23

~ LESS THA'I 0 ~ I PERCC«T
I> -) I ILL)0« GAI.LnVS, ALL uN)ts COHBINEo



TABLE"IVG-'13 (ContinuE'.d)
ABUitUANCE ANU PERCENf COKPOSI T IOti OF IHP INGEHEht COLLECTIONS (CONTINUED)

JAHES A FITZPATRICK NUCLEAR POMER PLANf NAY - AUGUST ~ 1976

SPECIES NO ~

HAY

PCNT

JUN

NO Pcttti NO+

JUL

PCNT NOo

AUG

PCNT

NLDAE)

NLDAE)

EBACK

ALEWIFE
AHEiIICAI EEL
8AttOEO K I LL IF I 5'I
IILACit CRAPPIE
BLUEGILL
BLII'etNUSE 'IINNUil
BUR F I I
@RIIQK ST ICKLEOACK
OK'.IR'I BULLIIEAO
OROR'I

TRUUI'VitBOT

CARP
CE'ITPAL HUOHINNON
CHAN'IEL I:ATFISH
COHD SALVO'I
CBilb UID
CiIEEK CHUii
EHCRALO SHINIER
FhtiiEAII Hl'IHOH
FAE Stitch t F 8 DRUH
GIZZARD SHAG
GOLi)E'I SHIIIER
GOL'IF I Sit
Ji)HM'IY OARTEk
LAKE CHUB
LAKE HDRiiliiG
LAKE 'TROUT
LUGPCACH
Li)'IG'hISE DACE
LOB UIOSE Chit
HI'IRIIMS 8 CARPS
HUT TLEn SCULP IN
tioRBIEF'I NOG BUcKER
IIORI'HERii PIKE
O'ICIIRIIY'iCHUS SP (SALIN

PUG'IOSE 8 I'I'ION
PUHPK I'ISEEO
Rh I 'ItiUH SH 'LT
Rh I'IliOR 'IKCUT
RECFIN Plt:KEREL
itiICK BASS
SALVEL I i US SP (SAIHD

SE. iIT II.US SP PPRI
'SHALLIIIIUTH IIASS
SVLnKE IRCUT
SPi)TTAIL SHINER
STD'IECAT
'IAf'POLE HAOTOH
THRCESPI'IC STICKL
Tri'.)Ut PEP,CH
TROIITS
UN IOCIII'IFISO
RALLEYC
hHITE BASS
HHITE CRAPPIE
HHITE PCRCH
NHITE SUCKER
YELLOW PERCII

2662084
36

2
2

1L
0
0

31
2
0
0
0

46
0
0
0
0

108
24

0
L43

41
0

3657
29

2
0
2
0
0
0

2942
0
2
0
0
0

67
L27L27

0
165

3
2
0
0

108
10

2603
20

0
40157

65LL
0
0

1422
2

241 I
41

1LOB

93 ~ 4t
t
t

OoO
0 '
t

OsO
0+0
0 '
OeU
0 '
OoU
0 '

0 'tt
0+0
0 ~ L

Oi0

OoJ
0+0
010
Oil
Omit'

OoQ
OeJ
OoOt
4 '
0 '

0 ~ i)
0.0t
Oo 1

Oo0
1 '
0 '
0 '
0 '
0+0tt
Oil
t

259442
5
0
0
2
0
0
2
0
5
0
0
7

2
0
0

16
0
2
7
0
0

782
14

0
0
0
0
0
0

805
2
0
0
0
2

4098
0
0

le
5
0
0
0

12
12

2365
16

0
34408

L666
2
0
0

171
0

162
37

L32

85 '
0 '
0+0t
OoO
0 '
OoO

0 '
0 '
0 '

1
0 '
O.nt
OoO

t
0+0
0 '
Oo3

OoO
0+0
OoO
OiO
0+0
0+0
0 '
0 0
OoO
OoO

t
I'
0+0
OoO

OoO
0 '
OoOt
0 '
0 '

11 ~ 3
0 't
OiO
OoO
0 ~ 1
OoO
Owl

13944 5
14

0
0

12
0
0
0
0
0
2
0
2
0
0
5
0
2
0
0
5
0
0

1586
64

0
0
2
5
0
0

367
0
7
0
0
0
5

544
2
0

50
0
2
2
0

12
38

4531
36

0
1L937

1171
0
2
0

24
0

155
100
250

86 't
0 '
OoO

OoO
0+0
0 '
0 '
0+0t
OiO

OiO
0+0

0 '
0 '
0 '
0 '
OoO
1 ~ 0

0 '
0 't
0 '
0 '
0 F 2
0 '
0+0
'Oi0
Oo0

~ I

0+ 3

OoOt
OoO

t
0 't
2 '
0 '
7 '
0+7
OiO

OiO

OoO
Owl
0 ~ I
0 '

3429
10

0

5
7
0
0
0
0
0
0

12
0
0
5
2
0

284
17

0
0
0
0
0
2

72
2
5

0
0

10
405

0
0

e4
0
0
0
0
2

12
398

0
5

86
0
2
5

66 ~ 6
0 F 2
OeO
0 '
OoO
000
0 '
0 '
Owl
0 ~ 1
Oo 1
0 '
0 '
0 ~ 0
0 '
0 '
0 '
0 F 2
0 '
0+0
Owl

OoO
5 '
Oo3
OoO
0+0
0+0
OoO
0+0

L ~ 4

0 ~ I
OoO

~ OoO
0 '
'0 ~ 2
Te9
OoO
OoO
I'
OeO
0 '
0 '
OiO

Oe2
7 ~ 7
Ool
OoO
Owl
I ~ 7
OoO

Oo1

0
48
48

200 .

OoO
0 '
Oe9
3 '

0 Oio

TOTAL 2850935 99 ' 304206 100+0 160379 99 ' 5147 99 ~ 6

TOTAL YOIITHLY FLOII SAHPLEO litGI
TOfhL HOURS SAHPLCO

9584
456 '5 59)5

312 F 00
5770

312 ~ 00
6637

312 ~ 00

LESS THhti Oo I PEiiCEIIT
IPGI I.ILLIO'.I GALLO'IS~ ALL UNITS CUPB ItiEO

~iBL LE



TABLE IVG-13 (Continued)
ABUNUA!ICE ANU PEHCcttt CCNPOS IT ION OF ItlP INGENEht COLLECTIONS (COÃTIHUED)

JAMES AD FITZPATRICK tIUCLEAR POMER PLANT SEPTEMBER DECEHBER ~ 1976

SPECIES NOD

SEP

PCNT NO ~

OCT

PCNt tIO ~

NOV

PCNT tIO ~

DEC

PCNT NO ~

TOTAL

PCNT

ALHMIFC
AIIERIC'4 CEL
BA!IOEO hlLLIF ISH
BLACK CRAPPIE
BLUEGILL
BLUVTt!IISE HINNUM
FOMF III
BkOJK St ICKLFBACK
DRUM'I BULLHEAD
RRAs'I TRAVt
BURBAT
CARP
CE'I fPAL NVOPI!INOM
CHANNEL CAT F I SII
COHO SALVO'I
CHUB DID
CREEK CAME
ENEHALC 5~IVER
FATIIFAI'I'I!IOM
FRCSHMATCR UKUN
GIZZARD SHAD
GOLI!C'I SHI'IER
GULOF I S!i
JOH'IWY I!AKTKR
LAKL CHUB
LAKE IIERR I'IG
LAKE TRfIUf
LUGPERCII
LONG IOSE DACE
LUNGVUSE GAR
."IN!I MS 6 CARPS
tti SCUL P I "I
~I HOG SUCKER
t,' PIKEtlat'ICHIIS KL (uL&gggg)ec' nn
PUC,'IVUSF Ill!IHTOM
PVHPKI>SEED
RAIVPOM SHCLt
RA I'IDUN TRQUt
RCOFIV PICKEREL
ROCK BASS
SALVELIVIIS SI'SALIIHIDAE)
SLA L*!VNtY
SC HOT I LUS SP (CYPRZHZPAE)

SNALLHI!VTH BASS
SPLAKE TROut
SPi)TTA IL SHINER
STOVECAT
TAOPALC HAATGN
THRECSP I!IC 5'f ICKLEIIACK
I'ROUT PERCH
TROUTS
UV I OEN f I F I EO
MALLEYE
MHITE BASS
MHlfE CRAPPIE
MHITE P=RCH
MHITC SUCKER
YELLOM PEPCH

4687
21

0
2
2
0
2
0

12
0
0
0
0
0
0
0
0

23
0
0
2
2
2

231
5
0
0
0
0
0

201
0
0
0
0
0

12
189

2
0

95
0
0
0
0

Z3
0

155

0
0

16
0

0
2

369
95

365

71. 8
0 '
0 '

0

OeO ~

0

0 '
OoZ
Ooo
0 '
Oo)
0 ~ 'I
0 '
0 ~ ')
0 '
0+0
0 '
0 '
0 '

3 5
0 ~ I
0 AU

0+0
0 '
0 '
0 '
0 '
3 ~ 1

O.u
0 '
0+0
0 '
OoO
0 '
2 9

0 '
Lob
0 ~ 0
0 '
OoV
0 '
0 '
0 '
2 '
0 ~ I
Oo)
OoU
0 '
0 ~ 0
0+0
0+0

0.0
5 '
Lee
5 '

.4018
LO

0
0
7
0
2
0

91
2
5
0
0
0
0
0
0

112
0
0

590
2
0

22
2
0
2
0
0
0
0

79
0
0
0
0

14
2467

0
0

72
0
0

0
10
0

57
22

2
17
14

0
0
0

31
0

253
48

227

49 ~ 1
Owl
0 '
0 '
0 ~ I
0 '
OoO
I'
0 ~ 1

0 '
0 '
0+0
0 '
0 '
0 '
],4
0 0
000
7 '
0 '
0 '
0 '
0+0
0 '
0+0
0 '
I'
0 '
0 '
0 ~ 0
0+0
0 '
0 '

30o2
OoO
0 '
0 '
0 '
0 '
OoO
OiO
Owl
OoO
0 '
0 '
Oo2
0 '
0 '
0 ~ 0
0 '
0 '
0 0
3 ~ I
0 '
Z ~ 8

146305

0
2
2
0
6
0

49
0
6
0
6

49
0
0
0

11
0

1245
2
0

2
0
2
0
0
0
2

191
0
0
0
0
0

24
38198

0
0

77
2
2
0
0

13
13
39

6
0

LOL
9
0
0
0

1992
0

208
6

346

77.4

OoO

0
0 '
OoO

OoO

OoO

0
0 '
0 ~ 0
0 '

4
0+0

4
0+7

OoO

OiO

0 ~ 0
OeG
0 '
Ool
0+0
OoO
OoO
OoO
OoG

20 '
OoO
0+0

OeO
0 '

4
0

000
0 ~ 1

0+0
0 '
0 '
I ~ 1
0 '
0 ~ I

0 '

2942
2
0
0
0
0
0
0

38
4

22
2
0
7
0
0
0

199
0
2

868
2
2

13
0
2
0
0
2
0
0

370
0
7
0
0
0

18
29651

0
0

208

15
0
0

42
22
66
33

0
465

0
0
0

611
0

L62

469

8 ~ I
4

OoO
0 '
OoO
0 '
0 '
0+0
0 ~ 1

Owl

0 '
OoO
0 '
0 '
0 '
OoO

2 '

0 ~ 0

OsO
0 '
0 '
0 '
L ~ 0
0+0

OiO
0 '
0+0

BLAB
0 '
0 '
Oob
000

0 '
0 '
0 ~ 1

Owl
0 ~ 2
Ool
OoO
I ~ 3

0+0
OoO
OoO
Li7
0 '
0+4

1 ~ 3

3877550
105

2
13
48

5
.LO
26L
229

20
42

2
256
13L

2
5
7

983
50
89

16732
80
Lu

6708
156

4
13

6
82

2

730L
4

23
2
2

LO
190

259783
12

2
1070

LO
38

2

5LL
112

11683
173

2
95883
12183

2
4

9508
2

7339
396

3695

89 '
4

4

4
0

Oe4

0 F 2

0
0

0+2

4

4
4

beO

4

0 ~ 3

202
0 ~ 3

4
0+2

4
Oe2

GAL

TOTAL

TOTAL PU ITHLY FLO'M SAHPLEO IHGI
TOTAL tluURS SAHPLED

6524 99 '
6739

312 ~ 00

8178 LOG ~ I

56u4
311 '7

L88928 99 '
6170

335 '0
36254 .99 '

6979
336008

4313562 100.0

72986
49S6 ~ 260

LESS THA'I Oa I PCRCE!I'f
It'Gl I'ILLIOV GALLO'ISr ALL UNI TS CUHBI'IEO



TABLE IVG-13 (Continued)

JAMES A. FITZPATRICK NUCLEAR POMER PLANT—1977

JAN FEB TOTAL

55
2
0
0
0
2

22
0

0
2
0

636

456

2
12
18
0
2

'104
0

14413
~ 301

10
10
55
14

174
10

leback 1143
47

0
2
2

575
205

8
4

Alewife
American eel
Bluegill
Brook stickleback
Brown bullhead
Brown trout
Burbot
Carp
Channel catfish
Chinook salmon
Coho salmon
Creek chub
Emerald shiner
Freshwater drum
Gizzard shad
Golden shiner
Goldfish
Johnny darter
Lake chub
Largemouth bass
Longnose dace

„ Mottled sculpin
Mudminnow
Pumpkinseed
Rainbow smelt
Rock bass
AQXC~ua. sp.
Sea lamprey
Smallmouth bass
Splake
Spottail shiner
Stonecat
Threcspine stick
Trout-perch
UID
UID Cyprinid
Malleye
Mhite bass
Mhite perch
Mhite sucker

0.3
<0.1
0.0
0.0
0.0

<0.1
0.1
0.0

<0.1
0.0

<0.1
0.0
3+3
0.1
2.3

<0.1
<0.1
0.1
0.1
0.0

<0. 1

5.6
0.0

<0. 1

73 7
1.5
0.1
0.1
0.3
0 ~ 1

0.9
0.1
5.8
0'2
0.0

<0.1
<0.1
2.9
1.0

<0. 1

12
0
3
0'9
3
9
5
0
3
0
0

53
0

735 .

0
5
9

16
3.
7

248
0
7

2290
62

3
7

195
0

12

7'48

. 7
0
0
0

100
923

5

0.2
0.0
0.1
0.0
0.2
0.1
0.2
0.1
0.0
0.1
0.0
0,0
1.1
0.0

14.6
0.0
0.1
0.2
0.3
0.1
0.1
4 ~ 9
0.0
0.1

45.4
1,2
0.1
0.1
3-9
0.0
0.2
0.1
4 ~ 9
0.1
0.0
0.0
0.0
2.0

18.3
0.1

7344
7

253
'l7
0
3
0
3
0
3.
4

184
0

187
14

53. 1

0.1
0.0
1.8
0.1
0.0

<0. 1

0.0
<0.1
0.0

<0. 1

<0. 1

1.3
0.0
1.4
0.1

<0. 1

108
55
10

95
0
0

91
7.

53
7

286
57

3
0
0

55
415

3

0.8
0.4
0.1

32.0
0.7
0.0
0.0
0.7
0.1
0.4
0.1
2.1
0.4

<0.1
0.0
0.0
0.4
3.0

<0. 1

0 0.0
7 0.1
0 , 0.0

<0. 1

7411
9
3'53

26
5

34
5
7
3
5
4

873
22

1378
18
11

21
41

3
12

1460
55
21

21134
458

13
17

341
21

239
24

1677
111

3
2
2

730
1543

16
4

19.3
<0. 1

<0.1
0.7
0.1

<0. 1

0.1
<0. 1

<0. 1

<0. 1

<0. 1

<0. 1

2 3
0.1
3.6

<0.1
<0.1
0.1
0.1

<0. 1

<0.1
3.8
0.1

ss".
<0. 1

<0. 1

0.9
0.1
0.6
0.1
4.4

" 0.3
.<0. 1

<0. 1

<0. 1

1.9
4.0

<0. 1



Of this total, 88.9$ were alewives, 6.6$ rainbow smelt, and 2.2$

threespine stickleback. The remaining species accounted for
2. 3$ .

An annual impingement estimate is needed for annual cropping an-

alyses and since 1976 was the first full year of plant operation and

field collection the 1976 data set was chosen as being representa-

tive. Of the estimated 4,313,562 fish impinged during 1976, 89.9$

were alewives, 6.0$ rainbow smelt, and 2.2$ threespine stickleback.
This results in a yearly unweighted average of 492.4 fish/hour, of
which 442.6 fish/ hour were alewives, 29.7 fish/hour rainbow smelt,

and 23.6 fish/hour threespine stickleback. The remaining species

accounted for 10.9 fish/hour.

The highest rate occurred during May when alewives were impinged at
an estimated rate of 3578. 1 fish/hour. The second highest rate for
alewife, 857.4 fish/hour, occurred in April (Table IVG-13).

An estimated 74,206,252 grams (74.2 metric tons) of fish were

impinged during 1976 (Table IVG-14). The estimated biomass of fish
impinged per month was determined by multiplying the mean weight per

species for each month by the estimated number of fish impinged

during that month. The mean weight per species per month was

determined by dividing the total biomass per species by the total
number of fish collected in that month. The monthly total biomass

per species was estimated for the January through September period
and November at FitzPatrick based on the average weight of those

fish analyzed per species; October and December biomass values

represent the actual weight of those fish impinged. Alewives

accounted for 93.9$ of the impinged biomass, rainbow smelt for 2.4g,

and gizzard shad for 1.4$ . None of the remaining species accounted

for more than 1$ of the impinged biomass (Table IVG-14).
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SPECIES

TABLE IVG-14
ESTIHATED BIOHASS OF IHPINGEHEHI'ATCH

JAHES h. FITZPATRICK NUCLEAR PONER PLAHT 1976

JAN FEB HAR 'PR HAY JUH JUL AUG SEP OCT HOV DEC
ANNUAL
TOTAL

lewife
erican eel

192213+6 151.0 284658,4 14097523 ~ 7 47651303 ' 4073239 4 2621566@0
3119 ' 45151+2 8796.5 16237+2

59321~7
5495.0

42651 '
7431,9

23706,2 570589+5
9061+0 2253+6

53838.6
5300+0

69670763 '
102845.5

anded killifish
Black crappie
Bluegill
Bluntnose minnow
Bowfin
Brook stickleback
Brown bullhead
Brown trout
Burbot

Carp
Central mudminnow

(Hudminnow)
Channel catfish
Coho salmon
Chub-UID
Creek chub

19aS
li2

882,0

13+5
508.8

34.5

27.0
51 F 1

9+0
5,6

218 4
995 5

2156+0

618.3
799 2

4.5

17 '
78,0

687,4
3312+2

208,0
9 8

6 '

302
*

lgel

49.6
1000+2

202.4

3.6

8492+0

63,0

37 ~ 2

4551.8

10og

1542 5
9363aO
1474o9

200.4

2840+0

3007+2

4.9

237+0

16052.4
4760+0
5040 '

54.8
4.2

340.8

8379 0

2128+2

30.6
142+1

3480.8
~ 11510.0

541o2

16400.0

147i7

3.2
88.1

218 ~ 2
17.5

3417,8
349.6

36027.0 .

39593+2
13736 ~ 6

16400.0

1233.6
1658,7

~ 40e7

Emerald shiner

Fathead minnow
Freshwater drum

397 8

4056.0

44.2

79+0

521.4

8.0
3950+7

61.6
111.6

72oO

526.4 583o2 99+2

62.8

85.2 156+4 795+2 " 71.5

57 '

835.8

39 8

4116.3

. 141 '
8357il

Gisxard shad
Golden shinec
Goldfish

157829.1
3S.4

559.4

23803.2
8.8

320937.2
26.6

47758,4
22.4

369.4

18933 '
'02,5

3350+2 1604+0 473 '
112o4

~ 5.0
39+6
*

14455.0 )50147+0
,15+8 5.8

284530.4
29+8

1540.4

1023826,2
402.1

2469 '
Johnny darter

Lake chub
Lake herring
Lake trout
Logperch
Longnose dace
Longnose gar

19.2

9.0

45.0

50.4
273.0

13.5

31.0

25 ~ 2

41.8

30.8

220+5

329.6

289,0

40.S
7+6

11336 '
762ol

1531 ~ 0

21,0

1876og

331.8

2696+2 511~2 508,2

270.5

24.2
19+0

1632.0 496e4

52.8

9.4

373+2

8.0

49+2

lge2

29.9

110+4

22 0

17407+3

3891 '
1641 4
467,2

86.0
350.5
273.0

Hinnows and carps
Hottlcd sculpin

Horthern hog sucke
Northern pike

Onchorh chus sp
Salmonidae)

735.0 173.4 1547.0

6129+0

7.4
12185+6 12356.4 2898+0

19+8

1284+5

77 '

288+0

153.2
412+0

542,7 213.3
27 ~ 8

496.6 1184.0

821 1

35.2
.33904,5

173.0
7439,8



TABLE'V -l4:(Continued)

ESTIHATED BIOMASS 0 IGEHENT CATCH (Continued)

JAHES ho FITZPATRICK NUCLEAR POWER PLANT - 1976

SPECIES continued JAN FEB MAR APR JUN JUL AUG SEP OCT NOV DEC

earl dace
ugnose minnov

Pumpkinseed

Rainbow smelt
Rainbow trout
Redfin pickerel
Rock bass 14433.6 140+8

1+2

2090.2

14227 ' 2462+4

15+6

74484.7

211+0
4196 '

23 '
642.0

251933 0

3318.4

1695 '
1182281 '

860iO

10362,"0

30.4
642.6

35652.6

5281.6

421 '
6691 '
1302,0

11775,0

49.0

1377+0

12684.8

699.6 581,0

793+8 12828.4
749.4

14506 ' . 8676.0

1804+8

68756.4

13667 '

1456.2

94883.2

29099.2

1.2
53.6

10097.6

1746371.0
2911.4

211 0
128141.9

Salvelinus sp.
(Salmonidac)

Sea lamprey
Semotilus sp.

Cyprinidae)
Silvery minnow
Sma1lmouth bass
Splake trout
Spottail shiner
Stonecat

100.0

45026,4

5176+5
138.6

252.0

748+0

101.6

4.6
8076.0

2356.2
304+0

249.7

7228.8
59.5

3195.8
366.0

~ (:
1857 6
130,0

19001.9
306,0

43.0

6172.8
216.0

30745oO
1336.0

89o4

80.6

2484+0
4332.0

58903+0
2379+6

1537.2 11359 '
3584.4
4099.4

1953.0'84i5

552,6

3953+0

74loO
1408+0

18.2
.369.4

.3120.0
133.9
421 '
241.2

2946.0

15115.8
290.4
825 '

2003 1

61.2
3855.4

80.6
4.6

106183.3
8746.2

128166.0
9419.6

Tadpole madtom
Threespinc

stickleback
Trout perch
Trouts

(Salmonidae)

Unidentified

33.6
63.0

35.2
4.2

4187 '
664.2

11316.6
38702.0

72282.6
87247.4

58493.6
22824.2

19099 '
15691.4

10 0
1118+0 224.0

16oO

28 '
165.2

171 '
34.2

837.0
23.2

Ie.o

166495.5
166761.0

. all'eye
White bass
White crappie
White perch
Kite sucker

213.4
8342.1

36348.0
361.0

2366+0

1620ol

4086.0
54165.0 , 21724.2

17659+6 36521.1
979 '

17632 8
llo2

63325+4
7597 3

2325.6

6463.8
27143o2

470.4

18026+5
56820~0

49.5

5673.6
23078+4

9298,8
43396,0

399o9

1998.7
21172.8

13744,8

17492,8
2512+2

5254.6

23603,4
1497.6

4348.9
126425.4

11,2
238031.8
184557.8

Yellow erch 7970.9 472.0 7211.II 24I465.8 46425.2 4897.2 17275.0 14320.0 25039.0 11849.4 10103.2 13835.5 183864.6

OTAL 492217.4 32482.9 796596.1 14571486.9 49254443.2 4301500.7 2865581.4 147694.8 166226.0 13S595.0 867395.6 572032.1 74206252.1

aGrams; traveLing screens only; estimated biomass estimated monthly abundance multiplied by monthly mean biomass per species
Not applicable, fish of that species not collected

* ~ Fish collected during the month, but none analyzed



I n e e t C i at FitzPatrick

The analysis of the impact of removing a number of fish from a

population can be addressed in many different ways. In this demon-

stration the removal of fish by the FitzPatrick power plant is
compared when available to ( 1) lake standing stock estimates,
(2) commercial fishing removals, (3) stocking statistics for the
species, and (4) exploitation rates based on tagging studies.

In 1976 the NXSDEC (Schneider 1977) conducted a forage fish stock
estimate for the demersal portion of the alewife and r ainbow smelt
populations in the New York waters of Lake Ontario, which was

divided into four sectors: ( 1) Eastern Outlet Basin Sector, extend-

ing from Stony Point Light north to the Cape Vincent Laboratory;
(2) Oswego Sector, centered approximately at Oswego, N.Y., and

extending east to the eastern shore and approximately the same

distance west; (3) Rochester Sector, centered on Rochester, N.Y.,
and extending from Sodus Bay to approximately Thirty Mile Point; and

(4) Nilson-Olcott Sector, extending from Thirty Mile Point to just
west of the Niagara River. Mithin each sector replicate drags were

conducted at the following depths: 5, 7, 10, 12, 15, 17, 20, 25, 30,

35, 40, and 50 fathoms; in addition, sector acreage estimates were

made for each depth sampled. A 39-ft headrope yankee trawl was

used, with these fishing dimensions: 21 ft for the sweep and 7 ft
for maximum vertical opening. A standard ten-minute tow covered

approximately 1.2 acres of bottom (Schneider 1977).

Trawl catches for each sector were separated into two or three depth

strata, depending on their variation. For each depth stratum,
average catch rates were calculated. The NYSDEC estimated standing

stocks .were developed, by expanding the average catch per tow to
total total fish per stratum (average catch x stratum average/1.2).
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The average weight of each species was then expanded to a total
weight per depth stratum, and summations made for the depth stratum

and sector to give a total biomass (Schneider 1977).

For this analysis we converted the biomass values to numbers of fish
by dividing the biomass by the average weight of the fish caught by

NYSDEC. This was done for the Oswego Sector alone and for the total
estimate for the four sectors combined, which represent 18$ of the
total New York State acreage of the lake. The standing stock esti-
mates were extrapolated to the total New York State lake area by

dividing by 0. 18.

Storr ( 1977) has conducted mark-recapture experiments along the

southern shore of Lake Ontario since 1972, marking and recapturing
fish from North Sandy Pond on the eastern shore to Oswego, New

York. Tag returns were also obtained from commercial and sport
fisherman through a one dollar reward offering. In addition, as

part of the impingement monitoring programs at FitzPatrick and Nine

Mile Point impinged fish were examined for tagged fish.

A total of 20,897 fish representing 26 species have been tagged and

released in the program to the end of 1976 and 1517 tages have been

returned. All fish tagged during 1972 and 1973 were tagged in the
immediate Nine Mile Point vicinity while from 1974 on fish were

tagged at four locations in the study area. During 1974 approxi-
mately 83$ of the fish tagged were released in the immediate Nine

Mile Point vicinity where they would be immediately available for
impingement at the Nine Mile Point plant. Mhile no breakdown of the
percentage of fish tagged at each location is available for the 1975

or 1976 data, the percentages can be assumed to be similar since the
major tagging effort was at this location.



Storr (1977) has shown that, of all the species studies, only yellow

perch demonstrate a true migratory pattern and these move toward the

eastern end of the lake during winter to spawn in the spring.
The rest of the species appear to move back and forth along the

shore with little predictability. Rock bass, pumpkinseed, yellow

perch, and brown bullhead ranged long distances, up to 70 miles,

while smallmouth bass appeared to be territorial, generally remain-

ing in a small area near the shoreline. White perch were observed

to move moderately long distances ranging 20 miles east and west of
the Nine Mile Point vicinity (Storr 1977).

The data presented by Storr ( 1977) are used in several ways: ( 1) to
estimate a species domain, (2) to estimate annual mortality, and

(3) as a means of approximating an exploitation rate by the Fitz-
Patrick and Nine Mile Point plants. In analyzing the tag return

data from impingement collections reference is made to Nine Mile

Point since this plant has been in operation since the beginning of
the tagging program and impingement collections have been examined

for tag returns. Both plants imping'e similar numbers of fish (Table

V-1) and the use of Nine Mile Point tag returns provides an indica-
tion of expected impacts for FitzPatrick. These analyses are

presented below along with analyses of standing stock data from

NYSDEC data and other assessment methods by species.

a. ~Aw~

The NYSDEC data were used as described above and the resulting
alewife standing stock estimates are presented in Table IVG-5.

These estimates are only for the near bottom waters where the

trawl fishes and are based on the assumption of 100% trawl
efficiency. Edsall et al. ( 1974) in an analysis of the standing

stock of alewives in Lake Michigan concluded that only 3$ of the

fish (80-139 mm long) taken in gill nets fished from surface to

bottom in 26 fathoms were in the lower 40-ft of water. They,
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ther efore, used a factor of 10, based on the assumption that
only 10$ 'of the fish were in the lower 4 to 8 ft of the water

column'here the trawl fishes, to expand the standing stock

estimates. In the results presented herein, we have estimated

the alewife standing stock with and without the factor'of'0 to
show bottom trawled standing stocks and the full water column

estimate (adjusted standing stock).

This analysis is open to two possible sources of error beside

the fish location in the water column and the assumption of 100$

gear efficiency. Namely the NYSDEC estimates extended only to
110-m depth contour while the standing stock estimates were

extrapolated to the total New York State lake area by dividing
by 0. 18, since the NYSDEC estimates represent 18$ of the total
New York State lake area. This may result in an error if the

total population estimate of the alewife is not uniformly
distributed from shore to mid-lake.

Secondly, the average weight of the alewives collected by the
NYSDEC was 27.2 g while the average weight of impinged fish was

18.0 g, indicating that a greater percentage of younger fish
'ere present in impingement collections than were sampled by the

trawl. The trawling program conducted by the NYSDEC either did
not collect young fish (young-of-the-year and yearlings) or
natural mortality of these ages had occurred by the time of the
trawling and the average weight reflects the true average
weight/individual of the reamining stock. The NYSDEC trawling
program was conducted between 18 October and 12 November 1976,

late enough in the year so that mortality of young fish stock
could have occurred, whereas impingement collections at Fitz-
Patrick were conducted throughout the year. Thus, the NYSDEC

stock estimate may not be representative of the populations
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affected by FitzPatrick impingement; however, no stock estimates

are available for other times of the year. The former hypo-

thesis that the NYSDEC simply did not collect younger fish is
supported by several observations. Smith ( 1968) stated that
younger alewives reside in the water column off the bottom
for at least the first year of life. Secondly, the NYSDEC

stated that many targets were observed with hydroacoustic
equipment in the upper water column at the time of the surveys

in the Rochester area. Thirdly, Wells (1968) found alewives in
the water column throughout the year in Lake Michigan. It
appears, therefore, that the trawling conducted by NYSDEC would

result in an underestimate of the true standing stock since a

large portion of the population would be above the bottom waters

sampled by the trawl. This is additional evidence supporting
the use of the multiplier to estimate total standing stock from

bottom trawls. The evidence on alewife distribution in the

water column, the weight differential between impinged and

netted fish, and the assumption of 100$ gear efficiency all
support the use of the stock adjustment. The adjusted stocks
are still considered conservative estimates of the true standing
stock.

Alewife impingement cropping was determined by dividing the
estimated yearly impingement by the NYSDEC standing stock
estimates. The results indicate that the FitzPatrick plant
crops between 0.32 and 3.2$ of the alewives estimated to be

within the Oswego Sector, between 0. 17 and 1.7C of the alewives
'n

the sampled New York waters (inshore of the 100-m depth
contour), and 0.03 to 0.3$ of the total New York waters stock
estimate (Table IVG-15). To summarize, these estimates should

be considered conservative; i.e., they overestimate impact
because ( 1) the distribution of the fish makes a large percent-
age of them not vulnerable to the gear, (2) no gear avoidance
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TABLE IVG-15

N T
S EG SE TO

L IES

SPE S L T ON

AVERAGE MEIGHT AVERAGE MEIGHT
NU>SER OF IHPINGED OF NYSDEC

PING D

E

ADJUSTED STANDING ADJUSTED
N 0 0

ALEMIFE OSWEGO SECTOR 3,877,550 18.0
NEW YORK STATE

MATERS TO 100 m

LAKE-MIDE (U.S. ONLY)

27 2

226,083,000
1 f 256 f 02 1 > 000

2,260,830,000 1.71
12'60~210'00 0 31

122 f 998) 300 1 ~ 229 f 983 ~ 000 3 17 0. 32

0.17
0.03

RAINBOW: OSWEGO SECTOR
SHELT NEM YORK STATE

MATERS TO 110 m
LAKE-WIDE (U.S. ONLY)

259,783 6.7 22.2 11,703,510

17,902,650
99,459,000

ll7,035,l00 2.22

179,026,500 1.45
994,590,000 0.26

0.22

0. 15
0. 03

bData from Schneider, 1977
Represents 18$ of U.S. lake surface area
Extrapolated to 100$ of U.S. lake surface area
Standing stock from bottom trawl collections multiplied by 10 for upper water column fish



factor was used by the NYSDEC, and (3) the fish impinged were of
smaller size (weight) representing younger fish which were not
included in the standing stock estimate. In addition, the lower

cropping ratios based on the more representative stock estimates

is judged the more realistic of the two for both species.

The NYSDEC forage fishing standing stock estimate included an

estimate of the rainbow smelt stock. The standing stock data

derived in this section were calculated in the same manner as

the alewife data. The results, therefore, may be subject to the
same conservative error as the alewife results.

Annual rainbow smelt impingement at FitzPatrick represented a

cropping of 2.2$ of the October-November standing stock estimate
in the Oswego sector, 1.5$ of the smelt stock in the sampled New

York State waters (inshore of the 110-m depth contour), and 0.3$

of the estimated total New York State stock (Table IVG-15).

When the stock adjustment factor of 10 is included,.these
estimates drop to 0.22, 0. 15, and 0.03$ for the Oswego Sector,
sampled U.S. waters, and all U.S. waters, respectively. As

stated above, we believe that the use of the adjusted stock
numbers yields a more realistic evaluation of impact while still
using a conservatively low stock estimate.

In order to analyze the potential effect of impingement cropping
on the yellow perch population an exploitation rate based on the
number of tagged fish recovered in impingement collections
compared to the number of tagged fish available in the lake can

be calculated.
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Although yellow perch tagging began in 1972, no tagged yellow

perch were recovered in impingement collections at either the

FitzPatrick or Nine Mile Point plants prior to 1976. During

1976 two tagged fish were recovered at Nine Mile Point and one

at FitzPatrick. Since sampling at both plants took place on

three of every seven days during the year the estimated number

of returns is calculated to be 5 and 2 at Nine Mile Point and

FitzPatrick, respectively.

The total number of tagged fish available in 1976 was calculated

from Storr ( 1977) by bringing forward in time the total, tagged

in each year ad)usted for calculated mortality between years,

and adding the subsequent years tagging effort. This calcula-

tion results in an estimated number of tagged yellow perch

available in 1976 of 1232 fish. The two fish impingement

estimate at FitzPatrick then repr esents an impingement exploita-
tion rate of 0. 19$ of the available yellow perch. When compared

to an average exploitation rate of 7.41$ (Storr 1977) based on

other fishing efforts (total tag returns) the impact of impinge-

ment catch is negligible. Based on the total number of yellow

perch impinged during 1976 (3695 fish, Table IVG-13) and the New

York State commercial catch of 23,840.9 kg (NYSDEC 1977) which

represents 478,000 fish based on an average weight of 49.8 g/
fish, impingement at FitzPatrick during 1976 represented

0.77$ of. the commercial harvest.

Therefore, it is concluded that impingement cropping of yellow

perch by FitzPatrick has an insignificant effect on the popula-

tion when compared to other existing pressures.
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Storr (1977) has tagged a total of 1,421 white perch in the

vicinity of the FitzPatrick plant from 1972 to 1976 of which 488

were tagged in 1976 (Storr 1977). Only one tagged white perch

has been recovered in FitzPatrick impingement collections
(collected during April 1977) as of 31 July 1977 with no tag

returns observed at the Nine Mile Point plant. Since annual

mortality rates for tagged fish were not computed for white

perch it is not possible to determine the total number of tags

available at the time of the recovery in 1977 but using an

assumed 50$ mortality rate and considering only those fish
tagged during 1976 an exploitation rate of 0.82$ would result
after adjustment for impingement sampling frequency. This is an

overestimate of the exploitation rate since no tagged fish from

years prior to 1976 are included. In addition, the lack of any

tagged fish in Nine Mile Point impingement studies which have

been ongoing since 1973 would indicate that impingement cropping

of white perch is negligible.

A total of 20,525 kg of white perch were harvested by commercial

fisherman from New York State waters of Lake Ontario during 1976

(NYSDEC 1977). Assuming an average weight of 32.4 g/fish (from

1976 impingement at FitzPatrick), a total of 633,487 fish were

harvested. James A. FitzPatrick impingement during 1976 amount-

ed to 7,339 fish. Thus, commercial fishing resulted in 86.3

times the cropping of James A. FitzPatrick impingement or

impingement was 1. 16$ of commercial fishing. Thus the available

data indicate that impingement cropping at FitzPatrick is
mi'nimal when compared to available fish in the area or commer-

cial fishing pressure.
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e. S th Bass

Storr ( 1977) has tagged 126 smallmouth bass since 1972 and yet
none have been collected from the traveling screens at the

FitzPatrick or Nine Mile Point plants through July 1977. Since

the majority of these fish were tagged and released in the

immediate vicinity of the two intakes, the lack of any recover-

ies in impingement collections would indicate that the plants do

not have a significant effect on the local smallmouth bass

population.

No commercial catch statistics are available for smallmouth bass

so comparisons to commercial harvest were not possible, however,

Storr ( 1977) has had 19 tages returned of a total of 126 small-

mouth bass tagged. These tags, for the most part, were returned

by commercial and sport fisherman and an exploitation rate of
15. 1$ can be assessed to commercial and sport fishing. Thus,

based on the lack of any tag returns in impingement collections
cropping by the plants would be at least an order of magnitude

less than that by other fishing pressures.

f. Th s n Stikeak

Since no standing stock or tagging data are available for the

threespine stickleback, impingement cropping rates cannot be

calculated. However, the increasing local population of this
species noted in Section IVG-1f indicates that impingement

cropping is not adversely affecting this species.

Coho salmon do no occur naturally in Lake Ontario, but are

stocked by various state and federal agencies. Thus, the only



population size data available are from stocking statistics.
Impingement at FitzPatrick is therefore compared to stocking
conducted by the NYSDEC.

An estimated total of two coho salmon were impinged during 1976

at the FitzPatrick plant. The NYSDEC stocked approximately
813,000 coho in 1975 and 177,575 in 1976. The two fish impinged

at James A. FitzPatrick represent only 0.0002 and 0.001$ of the

fish stocked during 1975 and 1976, respectively.

The brown trout is not native to North America but was intro-
duced into New York during the 19th century. Recently, Lake

Ontario stocks have been maintained by New York and Canadian

stocking programs. Therefore, cropping at the FitzPatrick Power

plant is compared to New York State stocking statistics.

An estimated 20 brown trout, were impinged during 1976 at the
James A. FitzPatrick power plant. The NYSDEC stocked 310,751

brown trout during 1976 and FitzPatrick impingement represents
0.006$ of the stocked fish.

The lake trout is a natural inhabitant of Lake Ontario, but the

population has undergone a severe decline over the last 50 years

and today is maintained by stocking. No population estimate for
lake trout is available, and thus, the stocking statistics were

used to compare to impingement.
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An estimated 13 lake trout were impinged at James A. FitzPatrick
Power plant during 1976. During 1976 the NYSDEC stocked 336,920

lake trout. The percent removal by FitzPatr ick was 0.004$ .

An estimated 229 brown bullhead were impinged at James A.

FitzPatrick Power plant during 1976. Commercial fishing during
1976 resulted in the catch of 8472.5 kg, or, with an average

weight of 172 g/fish, a total of 49,255 fish. This represents
215 times the impingement cropping at the FitzPatrick plant;
stated another way, FitzPatrick cropping is 0.46$ of the commer-

cial fish cropping.

Storr ( 1977) has tagged 8302 brown bullhead since 1972 and of
these one has been collected from the traveling screens at the
FitzPatrick Power plant (collected 15-16 October 1977). No

tagged fish were observed in Nine Mile Point impingement collec-
tions. Since annual mortality was not calculated for the brown

bullhead no estimate of the total number of tagged fish avail-
able during 1976 can be made. If only those fish tagged during
1976 (3171 fish, Storr 1977) .are considered, an exploitation
rate of 0.06$ results when the tag return is adjusted for
sampling frequency. This number is a low estimate of cropping
since surviving tagged fish from previous years are not included
in the available tagged fish estimate. In comparison, 325

brown bullheads have been returned to Stor r ( 1977) by commercial

and sport fisherman over the study period and this results in'n
exploitation rate of 3.91$ . The commercial and sport fishing
exploitation is therefore 65 times the exploitation rate of the
FitzPatrick power plant.

IV-113



k. Other S e 'e

Of the other species of fish tagged since 1972 by Storr ( 1977)

in significant numbers (pumpkinseed 3661 fish, rock bass 1954

fish; white sucker 372 fish; bluegill 530 fish) none except

rock bass have been observed in impingement collections at the

FitzPatrick or Nine Mile Point plants. One rock bass was

observed at each power plant. These results indicate that
impingement cropping of these additional species in the Nine

Mile Point area is negligible.

5. SU

The potential impacts of impingement losses was determined for each

of the designated representative important species as well as for
several additional species for which there existed sufficient data.
Impacts were quantified by various methods depending on the avail-
able data for each species such as standing stock estimates, local
tagging studies, lake stocking information, and commercial fishing
harvest. The lake standing stock estimates were obtained from the
NYSDEC's trawl study with an adjustment made for vertical fish
distribution. The tagging results represent five years worth of
tagging and recapture effort by Storr ( 1977) and impingement
monitoring at both Nine Mile Point Unit 1 and FitzPatrick. Lake

stocking and commercial catch data were from NYSDEC.

Total estimated 1976 impingmeent of alewife and rainbow smelt at
FitzPatrick both represented 0.03$ of their respective estimated

standing stocks in the U.S. waters of Lake Ontario. Both stock
estimates are thought to be low due to gear avoidance and population
distribution. Yellow perch impingement was found to be equivalent
to 0.77$ of the 1976 U.S. commercial catch. The yellow perch
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tagging study results indicated that impingement affects 'approxi-
mately 0.19$ of the available fish in the vicinity of the plant.
White perch impingement at FitzPatrick during 1976 was equivalent to
1. 16$ of the commercial harvest and affected 0.82$ of the available
fish in the vicinity of the plant based on the tag results. Since

no tags were observed on impinged smallmouth bass at either the

'itzPatrick or Nine Mile Point plants during the entire tagging and

impingement study period, it was concluded that impingement losses

are negligible relative to the available fish. Although no stock

information or tagging data were available for the threespine
stickleback, the increasing local abundance of the species over the

previous four years as monitor ed by impingement catches, indicates
that impingement is not having significant adverse impact. Annual

estimated impingement of coho salmon, brown trout, and lake trout
represented 0.0002, 0.006, and 0.004$ of the fish stocked for each

species, respectively. Annual impingement of brown bullheads was

~

~

~

equivalent to 0.46$ of the commercial harvest and represented
approximately 0.06$ of the available fish based on the tagging
results. Since no tagged fish of the other species tagged in the

area in sufficient numbers (pumpkinseed, rock bass, white sucker,

and bluegill) were collected in impingement samples. Impingement

losses of these species are considered negligible.
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V. CUMULATIVE LAKE ONTARIO IMPINGEMENT IMPACT
ON REPRESENTATIVE IMPORTANT SPECIES

A. INTRODUCTION

Analysis of the effect of the removal of fish from a water body

should consider the losses from all sources. This section presents
the results of the analysis of impingement losses at all operating
steam electric generating stations on Lake Ontario for those species
designated as representative important by U.S. EPA.

There are nine power plants operating on Lake Ontario (Table V-1).
Data for Ontario Hydro power plants were derived from a monthly
weight of impinged fish (Ontario Hydro 1977a, 1977b). Also, for the
Canadian plants, the classification of "herring" was used and

included both alewives and gizzard shad, while the "yellow perch"
category included walleye. It was judged that the inclusion of
these species would not significantly bias the results since gizzard
shad impingement usually represents a low percentage of alewife
impingement on Lake Ontario and walleye are rarely impinged.

Mhere 1976 data were not available, such as for the Ginna station,
Oswego Steam Station Units 1-4, and Unit 5, 1975 data were used (LMS

1976; Storr 1976).

One assumption for this type of lake-wide analysis is that each

species under study is composed of only one population in the lake
and not several populations. This permits the impact from all power

plants to be compared against the lake-wide population estimate.
However, when two or more breeding populations have been identified,
as in the case of the yellow perch, then the impacts of those power

plants within the range of a population must be considered separ-
ately from the impact of plants outside that range.

V-1



TABLE V-l

ESTIMATED ANNUAL IMPINGEMENT AT THE NINE OPERATING STEAM ELECTRIC GENERATING STATIONS ON LAKE ONTARIO

PLANT YEAR

RAINBOW YELLOW SMALLMOUTH THREESPINE BROWN COHO

ALEWIFE SMELT PERCH BASS STICKLEBACK TROUT SALMON

JAMES A. FITZPATRICK
NINE MILE POINT
OSWEGO UNIT 5
OSWEGO UNIT 1-4
GINNA
LAKEVIEW
HEARN
PICKERING
LENNOX

1976
1976
1975
1975
1975
1976
1976
1976
1 6

3,877,550
3,060,589
1, 146,834

422, 216
361,474

81,810
552,680

2,269,267
2 8

259,783
136, 151
41, 121
26~ 555

130,258
7,890

72,978
59,842
20 18

3,695
3,346

496
643
485

11

811
1

511
272

15
82
77
15
12

399
2

95,883
152,628
121, 314

479
35,243

N.A.
N.A.
N.A.
N.A.

20 2
33 2
29 0

31 0
30 0

N.A. N.A.
N.A. N.A.
N.A. N.A.
N.A. N.A.

TOTAL 8 4 6 042 40 14

N.A. = Not available



For the purposes of the lake-wide assessment it is assumed that the
alewife represents one population (one genetic stock), and therefore
the effects of all the lake's power plants are combined as a single
effect on one population. This assumption is supported by Hells
( 1968) and Smith ( 1968) both of whom showed that the alewife quickly
establishes large numbers throughout a lake when introduced.
Observations by Hells ( 1968) and CDM/Limnetics ( 1977) of both adult
and larval alewife around Lake Michigan indicate that the population
is lake-wide. In addition, the recent introduction of the aleiwfe
to Lake Ontario ( 1800's) suggest that this species would not have

sufficient time for the development of distinct populations in the
lake.

The estimated annual impingement of alewives by all Lake Ontario
power plants is given in Table V-1. A lake-wide total of 11,749,958

h

fish are impinged during a typical year. This rate can be compared

to a total Lake Ontario stock estimate of 26.63 x 10 fish. The9

total lake estimate was calculated by assuming that alewife are
equally abundant in U.S. and Canadian waters and therefore the U.S.

standing stock estimate was expanded to the total lake by multiply-
ing it by the ratio of the total lake area ( 19,528 km ) to the2

U.S. lake area (9220 km ). This resulted in lake-wide population2

estimates 2.12 times the U.S. estimate.

The assumption of similar abundances in U.S. and Canadian waters is
supported by the results of the GLFL 1972 study (GLFL 1972) which
showed similar catch/effort results in U.S. and Canadian waters. As

discussed in Chapter IV, the adjusted standing stock is judged to be

more representative since it accounts for the vertical distribution
of fish in the lake. Based on the above, the annual impingement of
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alewife by all the power stations on Lake Ontario results in a

cropping of 0.04$ of the estimated lake-wide population of alewife.

As discussed in Chapter IV cropping rates based on the estimated

population are probably quite conservative since the standing
stock estimate included primarily age class I and older fish whereas

impingement records, at least at the Nine Mile Point and FitzPatrick
plants, showed the presence of a large percentage of young-of-the-

year and yearling fish. Secondly, it is well known that fish avoid

trawls, and although the exact percentage caught has not been

documented estimates of avoidance traditionally range from 10 to

90$ . Avoidance by the fish of the gear also results in an under-

estimated standing stock and a conservative lake-wide cropping

estimate.

2. R in w S

As with the alewife, the rainbow smelt was assumed to consist of one

lake-wide population, and therefore the cropping of all power plants

were considered together. The assumption of a lake-wide population

is supported by observations of increased numbers of smelt at all
plants during their spring spawning. The annual lake-wide loss of
rainbow smelt due to impingement is estimated to be 732,676 fish
(Table V-1) while the standing stock estimate computed as described

for the alewife is approximately 2. 1 billion (Table V-2). Lake-wide

cropping was calculated to be 0.04$ .

This estimate should be considered conservative for the same reasons

specified for the alewife, i.e., the standing stock estimate is
based toward older fish.

While both the alewife and rainbow smelt analysis rely on a somewhat

crude lake-wide population estimate the resulting cropping factors
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TABLE V-2

ESTIMATED CROPPING RATES OF THE NINE LAKE ONTARIO
'PERATINGSTEAM ELECTRIC GENERATING STATIONS

SPECIES

ALEWIFE

RAINBOW SMELT

YELLOW PERCH

BROWN TROUT

COHO SALMON

ANNUAL
IMPINGEMENT

11.80 x 10
6

0.75 x 10

8665

143

4a

LAKE STANDING STOCK OR

POPULATION ESTIMATE

26.63 x 10

2. 11 x 109

310,751

b

PERCENT
CROPPED

0.04

0.04

0.70

0.05

0. 002

a U.S. power plants only
Number stocked by NYSDEC-1976

cBased on tagging studies



indicate that within an order of magnitude error, less than 1$ of

either population is cropped by impingement.

3. Y wP

Two spawning populations of yellow perch have been identified
in Lake Ontario. Tagging results revealed that one population

spends the summer and fall along the southern shore of the lake and

travels during the winter to the eastern shore, where spawning

occurs in the spring (Storr 1977a). A second population spawns in

the Bay of Quinte (Griffiths 1976) and spreads along the northern

shore of the lake during the summer and fall. Thus, the cropping of

the two populations must be considered separately. Storr's ( 1977)

data indicated that little exchange occurs between the populations

and the southern population is limited in range from North Sandy

Pond to Rochester, N.Y. Therefore, only the impact of the U.S.

power plants on the southern yellow perch population is considered.

The yellow perch annual impingement data in Table V-1 shows the

highest numbers of yellow perch being impinged in the Nine Mile

Point area when compared to the other U.S. plants. Nine Mile'Point

and FitzPatrick combined impingement accounts for 81$ of the yellow

perch impinged by U.S. plants. Based on tag returns in impingement

collections relative to available tags, the Nine Mile Point and

FitzPatrick combined impingement totals represent 0.57$ of the

available fish along the southern shore of the lake. If the total
impingement at all U.S. plants is assumed to effect the yellow perch

in a similar manner, the resulting exploitation rate would be 0.70%.

It is of inter est to note that Storr (1977a) has tagged 28 yellow

perch in the immediate vicinity of the Ginna station and none have

been returned in impingement collections. By way of comparison, the

1976 commercial harvest of yellow perch was 478,000 fish (NYSDEC



1977) or 55 times the total U.S. impingement losses. Thus, impinge-

ment losses are equivalent to 1.81$ of the commercial catch. The

continued success of the yellow perch population under both the

commercial and sport fishery pressure is evidence that the rela-

tively minimal impingement losses have not affected the population.

s uth Bass

Although smallmouth bass were present in impingement collections at

all plants around the lake, Storr (1977a and 1977b) tagging data for
the species indicates that they tend to remain in one local. Since

no population estimates are available on either a lake-wide or local
basis, the tagging studies along the southern shor e furnish the only

possibility for quantification of impingement impacts. Storr ( 1977a

and 1977b) has tagged a total of 228 smallmouth bass along the

southern shore of the lake with 99 released in the vicinity of the

Ginna station and 129 released near the Nine Mile Point and Fitz-
Patrick plants. No tagged fish have been observed in impingement

collections from any, of the plants while 10«15$ (Storr 1977a and

1977b) have been returned by other fishing methods. These data

indicate that the impingement losses of smallmouth bass, which

amount to only 1395 fish annually for the entire lake, do not have

any measurable effect on either the lake-wide population or the

local population in the vicinity of each plant.

5. T Sti b

Since no population estimates or tagging data are available for the

threespine stickleback no estimate of impingement cropping could be

made. The increasing numbers of the species observed in impingement

cat'chs (see Section IVG) suggests that the population is increasing

and thus not being adversely affected by impingement.
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6.

Because the Canadian plants list all of the salmonids impinged

together, a separate estimate of annual impingement by species is
not possible; therefore, only the impingement at the U.S. plants was

considered.

A total of 143 brown trout were impinged at the U.S. plants. The

only population estimate available for comparison is the number of

fish stocked in 1976 by the NYSDEC, 310,751 fish. The proportion of

impinged fish to stocked fish was 0.05$ (Table V-2). This level of

impingement loss is considered negligible in relation to both

fishing pressure and natural mortality.

7 ~

Only four coho salmon were recorded from the impingement collections

reported and this figure 'epresented 0.0024 of the 177,575 fish
stocked in 1976.

8. S sf Oh t B

One method of determining the reasonableness of the foregoing
lake-wide analysis is to compare the results to similar analyses

conducted for power plants located on another similar water body.

CDM/Limnetics ( 1977) conducted a lake-wide assessment of impingement

on Lake Michigan for 82 species of fish. Included in these analyses

were lake-wide impingement cropping estimates for alewife and

rainbow smelt. There are 17 utility power stations surrounding Lake

Michigan from which impingement data were collected. An estimate of

alewife standing stock was conducted in a manner similar to that

conducted herein (Chapter IV) and resulted in an estimated lake-wide
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cropping of 0 ~ 064$ ~ Impingement cropping of alewives by Lake

Ontario power plants was estimated at 0.09$ . Thus, the estimates of
impingement for the two lakes are similar.

Rainbow smelt impingement on Lake Michigan resulted in an estimated

cropping of 0.067$ in 1973 and 0.065$ in 1974. The Lake Ontario

estimate was 0.07$ for 1976. Therefore, the rainbow smelt cropping
estimates calculated for the two lakes are also similar. The

excellent agreement between these two studies as well as the minimal

cropping rates found indicate that for these two species, impinge-

ment cropping has a minimal if not negligible effect.

The lake-wide cropping data presented above can be compared to
exploitation rates for other species as a means of examining the
relative impact of impingement on Lake Ontario to other sources of
impact. For example, McFadden ( 1977) presented a list of 67 ex-
ploitation rates on 33 fish species from around the world .(Table
V-3). The lowest exploitation rate listed is 5$ for walleye from

Fife Lake, Michigan and the average exploitation rate for all lakes
combined was 27$ . These data resulted for the most part from
commercial and sport fishing pressures on various populations which

were judged to be sustaining the pressure without population de-

cline. In all cases the exploitation rates calculated for the

representative important species on Lake Ontario are an order of
magnitude less than those given by McFadden. Thus, impingement

cropping from Lake Ontario fish populations must be considered

insignificant when contrasted with the pressure placed on fish
populations by commercial and 'sport fisheries. This was also sh'own

to be the case on a species by species analysis conducted in Chapter

IV.
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TABLE V-3

EXPLOITATION

36
35

15»20

Bluegill Sugar Loaf Lake, Mich.

Spear Lake, Ind.
Gordy Lake, Ind.
Muskellunge Lake, Znd.

Cooper and Latta
1954
Ricker 1955
Gerking 1953
Ricker 1945

36
12
17

20-48
20
1,4

22
5-18

'16

Redear sunfish

Black crappie

51QZQQfd~ ~|lfsba. Lar gemouth bass

Hill.'E?tdlLlNLSIQ10miCLIli. Smallmouth .bass

Jhhlaulitai ZuRRStZia. Rock bass

Gordy Lake, Ind,
Muskellunge Lake, Znd.

Oliver Lake, Ind.

Gordy Lake, Ind.
Shoe Lake, Ind.
Oliver Lake, Ind.
Southerland Res., Calif.
Clear Lake, Calif.
Gladstone Lake, Minn.

Waugoshance Point, L. Mich.
Oneida Lake, N.Y.

Oliver Lake, Znd.

Gerking 1953
Ricker 1945

Gerking 1953

Gerking 1953
Ricker 1945
Gerking 1950
LaFaunce et al. 1964
Kimsey 1957
Maloney et al. 1962

Latta 1963
Forney 1961

Gerking 1950

5
15-28
20-40

32
50
14

32-49
23

22-28

38

5VmafdMm Z1tlWNA Walleye

Northern pike
V

Fife Lake, Mich.
Spirit Lake, Za.
Escanaba Lake, Wis.

Many Point Lake, Minn.

Murphy Flowage, Wis.
Wisconsin waters
Lake George, Minn.
Grove Lake, Minn.
Ball Club Lake, Minn.

Grace Lake, Minn.

Fletcher Floodwater, Mich.

Schneider 1969
Rose 1947; 1955
Patterson 1953;
Niemuth et al. 1959
Olson 1957

Snow 1958
Threinen et al. 1
Groebner 1964
Groebner 1964
Johnson and
Peterson 1955
Wesloh and Olson
1962
Christensen and
Williams 1959

40

13-17
20-26

19-75

30

25

~0EGLUHL SJllLCafGlJaia. Lake whitefish

Rainbow trout

Georgian Bay, L. Huron

Lake Superior

New York streams
New York lakes

XIXXC11QllkX5UlhiKl110. Brook trout Lawrence Creek, Wis.

g~llllElHLl~u

Brown bullhead Shoe Lake, Inc.

Channel catfish Sacramento Valley, Calif.

Cuoin and Regier,
1965
Dryer 1964

Hartman 1959
Hartman 1959

McFadden 1961

McCammon. and
LaFaunce 1961

Ricker 1945

33

ituxana~ l~lSB. Plaice North Sea, 1929-38
1950-64

Beverton and
Holt 1957
Gulland 1968

ul ~lRGMa.
American plaice Gulf of St. Lawrence Poweles 1969



TABLE V-3 (Continued)

EXPLOITATZON

10
42
25

19

~ . 40

2fGhBaiQIL IlnhlllIIRILL

Atlantic herring South coast, Ireland
1906-36
1951-55
1956-60
1961-63

Spotted seatrout Pine Island Fla., 1961

Coast of Nigeria,
1961-62

Burd and Bracken
1965

Iversen and
Moffett 1962

Longhurst 1964

49

42
32
34

47
58
31

Atlantio cod

American shad

Freshwater drum

Gulf oi St. Lawrence
1949-52
1955-65

L. Viotoria, Africa
1958-59
1959-59
1959 60
1960-60

Connecticut River, Conn.

Upper Miss. R.
impoundments,
1944-48

Paloheimo and
Kohler 1968

Garrod 1963

Nalburg 1960

Butler 1965 .

H1QZQI?htZILL ~Midlu. Largemouth bass - Browns Lake, Vis.,
1953

Hraz and Threinen
1957

Atlantic salmon Little Codroy River
Nild, 1955-63

Murray 1968

59

23

13
34

&1XCliIUlaXQIItilll~ Brook trout Sydenham River, Ont.,
1966-67

~XmdWUIIn.Zit+allAI walleye Nipigon Bay,
L. Superior, 1955

1956
1957

Brown trout Sydenham River, Ont.,
1966-67

Marshall and
MacCrimmon 1970

Marshall and
MacCrimmon 1970

Ryder 1968

14-70

29

Muskellunge

Bhizaahufisul. ZihCmx Nalleye

Nogies Creek, Ont.
1952-60

Escanaba Lake, Vis.
1946-69

Muir 1963

Kempinger et al.
1975

15

29

42,

GUI0miILgihllp;ma.

kahuQ~L ulllnal~t

Northern pike

Muskellunge

Yellow perch

Pumpkinseed

Rock bass

Bluegill

Black crappie

Escanaba Lake, Wis.
1946-69

Kempinger et al.
1975

~ From McFadden (1977, Table 10.3-1)



Xt can then be concluded that current impingement losses attribut-
able to FitzPatrick and the other plants on Lake Ontario have no

measurable direct or indirect impact on the present sport or commer-

cial fisher ies.
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