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SUMMARY OF FINDINGS

This document has been prepared to demonstrate that Niagara Mohawk

Power Corporation (NMPC) Nine Mile Point Nuclear Station Unit 1

thermal discharge has not resulted in any appreciable harm to the
aquatic community and that therefore operation of Nine Mile 1 with
the present discharge assures that protection and propagation of
"a balanced, indigenous community of shellfish, fish, and wildlife
in and on the body of water into which the discharge has been made.*"
The demonstration follows the guidelines provided in the draft "316(a)
Technical Guidance Thermal Discharges" (guidance manual), dated Sep-
tember 30, 1974.

Nine Mile Point Nuclear Station Unit 1 is Located on the south shore
of Lake Ontario eight miles east of Oswego. The Station has an elec-
trical capacity of 610 MWe. The Stations cooLing water discharge
consists of a maximum of 268,000'pm flow with a 17.4'C (31.2'F)
temperature rise, at capacity operation. The circulating water intake
is located in 24 ft of w'ater about 850 ft from shore, and the discharge
is located in approximately 17 ft of water, 335 ft from shore.

Plant operating information since its initial commercial operation
in December 1969 exhibits seasonal fluctuations in generating capacity
with minimum output during the spring and maximum output during
the fall'. The resultant discharge zone (as defined by the area
heated more than 2'C, more than 30% of the time) encompasses approx-
imately 160 acres of surface area and a volume of 350 acre-ft.
The discharge plume is in compliance with applicable water quality

'tandardsas specified in 6NYCRR 704.6.

The aquatic ecology of the Lake Ontario area near Nine Mile Point
has been under study since 1963. Baseline studies have demonstrated
that the lake community in this vicinity is comprised of aquatic
populations that spatiaLly and temporally are similar to the littoral
zone community of Lake Ontario as a whole. Results of surveys of
each trophic level including planktonic, benthonic, and nektonic
are presented and discussed herein. All populations are characteri'stic
of temperate lakes although the upper trophic level at Nine Mile
Point and in Lake Ontario as a whole is dominated by the alewife,
a forage fish and member of the herring family.

A list of representative important species which were selected for
the Nine Mile Point area by the Environmental Protection Agency
(letter of August ll, 1975) is used as a focus in the demonstration.
The representative important species were selected because of their
abundance in the Nine Mile Point area, and because of their trophic
Level relationships. In addition, salmonids (coho salmon and

*As ea9uxrad by 40 092 122.9(b)(1)



brown trout) were included as a result of the intensive New York
State and Canadian stocking programs in Lake Ontario, and their
limited representation in Che Nine Mile Point area. Information
on the life history of the representative important species and their
thermal preferenda and tolerance limits is discussed herein.

Evidence is presented which indicates that the aquatic community
as a whole is intact, and hence, that no apreciable harm has resulted
from station operation. The specific phenomena suggested for evalua-
tion of "appreciable harm" in the guidance manual under the definitions
are addressed where data allow. Potential thermal discharge impacts
impact of the plume on representative species, shut-down of the station
in winter, and attraction of fish by the discharge flow are discussed
as potential impacts of plant operation. The effects of pressure
changes in the plume or reduced dissolved oxygen are shown to be
insignificant on the basis of physical and chemical data evaluated
relative to published sensitivi.ties of the species to these effects.

Aesthetic impacts through physical appearance, or taste and odor
are discussed'hemical analyses of water samples from the Nine
Mile Point vicinity and observations by members of sampling crews
indicate no adverse aesthetic impact as a result of plant operation.
Alewife die-offs in Lake Ontario are a matter of historical record,
and occur on an annual cycle. The resulCant decaying carcasses produc
aesthetic problems throughout Lake Ontario. The alewife die-offs
have not been associated with operaCion of the Nine Mile 1 discharge.
The sign Ciadophors hss sn annual growth snd die-off cycle in thelittoral zone whzch results in large amounts oi decaying matter along
the shore, creating health and aesthetic problems. This die off
occurs regardless of plant operation.

The trophic structure of the lake in the vicinity of Nine Mile Point
remains similar to the rest of Lake Ontario. Potential nuisance
taxa include the introduced fish species (alewife, rainbow smelt,
white perch, and gizzard shad) and certain phytoplankton species
(algae) which, when they occur in bloom proportions, could cause
an aesthetic or a physical nuisance. Introduced species compete
wiCh indigenous populations for the same resources resulting in severe
environmental stress. Gizzard shad abundance is reported to be increas™
ing in the Great Lakes and the shad reportedly prefer areas of thermal
plumes. Gizzard shad abundance, however, has not reached high levels
either in Lake Ontario as a whole or at Nine Mile Point.

Life cycle information for the representative important species
based on available data from the Nine Mile Point area is discussed
in depth. Nine Mile Point fish populations were evaluated for fecundity,
time of scale annulus formation, time of spawning, feeding, sex
ratio, and age and growth by year class and sex. Fish egg and larval

S-2



abundance and distribution are discussed for those species whose

eggs and larvae were present in sufficient quantity in ichthyoplankton
samples, namely; alewife, rainbow smelt, white perch, and yellow perch.
All normal phases of life cycle activity are observed in the vicinity
of Nine Mile Point. Comparison of the available life cycle information
collected at Nine Mile Point with other naturally occurring populations
are made to demonstrate that 'the populations at Nine Mile Point exhib-
ited normal patterns.

Statistical, comparison of the abundance of the predominant represent-
ative important species were made among years encompassing pre-opera-
tional and post-operational years, and between areas influenced
by the thermal discharge and areas not within the influence of the
thermal discharge. Taking into consideration normally observed
population fluctuations, only the yellow perch is found to exhibit
population changes among years. The reduction in yellow perch abund-
ance has occurred lake-wide and is attributed to trophic level compe-
t1 tion ~

A fish species index of diversity was calculated for the sampling
transects located in the vicinity of Oswego and Nine Mile Point
for the years 1973 and 1974. The index was statistically evaluated
for transect differences to indicate disruption of distributional
trends as a result of the thermal discharge of Nine Mile Unit 1.
No significant differences are observed.

This demonstration and information already submitted in support of
316a aLternative thermal effluent Limitations is adequate to conclude
that the operation of the present Nine Mile Point Unit 1 discharge
has resulted in no appreciable harm since the community as a whole
is intact. Hence continued operation of this. discharge will assure
the protection and propagation of the community at Nine MiLe Point.

S-3





I. INTRODUCTION

A. BACKGROUND

On May 22, 1974, the staff for Region II of the U. S. Environmental
Protection Agency (EPA) issued a draft National Pollutant Discharge
Elimination System (NPDES) permit for the Nine Mile Point Nuclear
Station — Unit 1 (Nine Mile 1) (NY 0001015) in accordance with the
provisions of the Federal Water Pollution Control Act (FWPCA). On

June 28, 1974, Niagara Mohawk Power Corporation (NMPC) requested
that the Regional Administrator impose alternative thermal effluent
limitations to those described in the draft permit pursuant to Section
316(a) of the FWPCA. Niagara Mohawk provided documentary evidence
in support of its request on August 2, 1974. On February 24, 1975,
NMPC was issued the final NPDES Permit for Nine Mile 1. The final
permit did not include the requested alternative thermal effluent
limitations.

The Final Effluent Guidelines and Standards (40 CFR 423) do not require
closed cycle cooling for Nine Mile 1. The final NPDFS perm'it (con-
dition ll (a) (1) on page 6 of 21) cites the New York Criteria Govern-
ing Thermal Discharges as the limiting regulation with respect to
the thermal discharge of Nine Mile 1. This document will demonstrate
that the subject permit condition is more stringent than necessary
to assure the protection and propagation of the balanced indigenous
population in and on the receiving water body, Lake Ontario. This
document further supports the position of NMPC that the existing
mode of discharge assures the necessary protection and propagation.

In a memorandum transmitted with the final permit, and in discussions
with NMPC, the technical staff of Region II indicated that the previous
information submitted (August 2, 1974) in support of the request
for alternative thermal effluent limitations was insufficient. In
response, Niagara Mohawk has prepared this document suppl'ementing
its original Section 316(a) submittal in areas identified by the
Region II staff.

On June 30, 1975, NMPC submitted to the EPA its recommendations for
the selection of Representative Important Species at Nine Mile Point
and Oswego. On August ll, 1975, the Regional Administrator forwarded
a copy of the designated list of Representative Important Species
for the Nine Mile Point locality of Lake Ontario (see Table I-l).
The content of this document generally follows the procedures presented
in the draft document entitled "316(a) Technical Guidance-Thermal
Discharges" (the guidance manual) published September 30 1974 by
the Water Planning Division of the EPA and the guidance provided
by the Region II staff in their memorandum and during the technical



TABLE I-1

LIST OF REPRESENTATIVE SPECIES FOR LAKE ONTARIO
(Oswego 5, Oswego 6, Nine Mile Point l, FitzPatrick)

Macroalgae
*Cladophora — habitat former

Macroinvertebrates
Gammarus sp. — lower trophic level food source

Fish

Clupeidae
Alewx.fe — forage, community dominant

Salmonidae
Coho salmon
Brown trout — major predator species, thermally sensitive

Osmeridae
Rainbow smelt — forage

Gasterosteidae
Threespine stickleback — forage

Centrarchidae
Smallmouth bass — sport species

Percidae
Yellow perch — sport species, thermally sensitive

* Nine Mile Point Only.



meetings. The information contained herein includes some of the
previously submitted data as well as new information. Niagara Mohawk

believes that its original conclus'ions are verified and reinforced
by this supplemental submission,

B. DEMONSTRATION APPROACH AND RATIONALE

Nine Mile,l began operation in December 1969. Monitoring of the
preoperational and postoperational aquatic communities has been con-
ducted from 1963 to the present allowing an assessment of plant-induced
impacts. This document includes the information required for a Type
I demonstration as outlined in the guidance manual.

I

In the case of Nine Mile 1, the discharge of heated effluent into
Lake Ontario has occurred for a sufficient period of time and sufficient
postoperational data have been collected by Niagara Mohawk to allow
evaluation of the effects of the discharge. In addition, the waters
of Lake Ontario in the vicinity of Nine Mile 1 were not despoiled
prior to or after commencement of the discharge of heated effluent
from Nine Mile 1, hence assessment of any appreciable harm resulting
from that effluent is possible.

As stated in the guidance manual, the rationale and approach for
demonstration of no prior appreciable harm do not require demonstration
"that every species which would occur under optimal conditions is
present, as long as it demonstrates that the community as a whole,
and all major components thereof are intact" (page 26). The guidance
manual (page 23) cites seven specific points to be considered in
evaluating "appreciable harm." These are:

1. Substantial increase in abundance or distribution of any
nuisance species or heat tolerant community not representative
of the highest community development achievable in receiving
waters of comparable quality.

2. Substantial decrease of formerly indigenous species, other
than nuisance species,

3. Changes in community structure to resemble a simpler suc-
cessional stage than is natural for the locality and season in
quest ion.

4. Unaesthetic appearance, odor or taste of the waters.

5. Elimination of an established or potential economic or rec-
reational use of the waters.



6. Reduction of the successful completion of life cycles of
indigenous species, including those of migratory species.

7. Substantial reduction of community heterogeneity or trophic
structure.

Each of these points is discussed in this demonstration.

The ultimate question raised by the guidance manual is whether or
not there has been prior appreciable harm to the balanced indigenous
community in the vicinity of Nine Mile Point. It is presumed in
this question that there was a balanced indigenous community present
in the vicinity of the generating station before its operation.
This, however, does not appear to be the case for Lake Ontario.

The biological communities of Lake Ontario have been subjected to
various disturbances over the past 150 years coincident with a rapid
and large increase in the human population around the lake. Concom-
itant with this, exotic species invaded and est'ablished themselves
within the lake. These exotics include members from every trophic
level that has been studied for a prolonged period. Examples include

as the alewife, white perch, rainbow smelt, gizzard shad, carp, coho
and chinook salmon, and rainbow and brown trout (Christie, 1973;
and Scott and Crossman, 1973).

The invasion of new habitats by exotic species is a natural phenomena
that continues to occur (May, 1966). However, the introductions
that have occurred in Lake Ontario have resulted in significant changes
in the community structure in the last 100 years (Christie, 1973,
1974 and Scott and Crossman, 1973). For instance, the most frequently
collected fishes in the vicinity of Nine Mile Point, i.e., the alewife,
rainbow smelt, and white perch, are all introduced. And seven species
are reported to have become extinct or reduced in numbers since 1900;
these species are the lake trout, shortnose cisco, bloater, kiyi,
burbot, blue pike, and fourhorn sculpin (Christie, 1973).

Thus, although evidence of no prior appreciable harm will be evaluated
in this demonstration based on the populations present in Lake Ontario
and near the site, assessment based on a balanced indigenous community
is not possible since the Lake Ontario community is not in a balanced
state being composed of numerous introduced species.

I-3



C. FORMAT OF THE DOCUMENTATION

This document provides the specific information required for a Type
I demonstration.

Chapter I presents the demonstration approach and rationale and the
basis for using Demonstration-Type 1 as defined in the guidance manual,

Chapter II presents a description of Nine Mile 1 and its associated
thermal discharge structure. Included in this chapter are a descrip-
tion of the monthly plant load, the flow rates and temperature limit-
ations specified by the Environmental Technical Specifications of
the AEC(NRC) operating license, and the records of all plant'hutdowns
which resulted in the complete stoppage of heated effluent flow during
the last five years.

Chapter III presents a detailed description of the thermal plume
resulting from Nine Mile 1 based on thermal surveys conducted at
the site. The discharge zone, as defined in the guidance manual,
is discussed. In addition, the existing thermal plume is discussed
relative to New York Criteria Governing Thermal Discharges. Water
quality correspondence between Niagara Mohawk and any regulatory
agency other than the EPA which indicate possible harmful effects
resulting from the existing discharge during the last five years
are discussed.

Chapter IV presents a description, based on site-specific investiga-
tions, of the communities by trophic level found in the vicinity
of Nine Mile Point. Information is also provided on biological commun-
ities found in similar areas in Lake Ontario that are not influenced
by thermal discharges. The information presented in this chapter
is based on data previously submitted to the EPA (QLM, 1972, 1973,
1974).

Chapter V presents a discussion of the life histories of certain
species found at Nine Mile Point. The representative important species
selected by the EPA and transmitted to Niagara Mohawk by letter dated
August 11, 1975 are included in this discussion. The basis for selec-
tion of each species is discussed and data on the characteristics
of each species are provided. Rare and endangered species of Lake
Ontario are. described.

Chapter VI presents a discussion of the effects of the thermal dis-
charge from Nine Mile 1. With the data collected since 1963 at the
site, it is demonstrated in this chapter that the biological community
is intact and that no appreciable harm to the biological community
has resulted from operation of Nine Mile l.





II. THE STATION

A. INTRODUCTION

The purpose of this station description is to familiarize the reader
with engineering design features of the station and the operating
history.

The Nine Mile Point Nuclear Station Unit 1 is powered by a single
boiling water reactor, manufactured by the General Electric Company,
which generates steam at 1000 psig to drive the turbine-generator.
The reactor has=a rating of 1850 MWt, corresponding to a net elec-
trical output of 610 MWe.

The turbine-generator is a tandem unit with a high-pressure section
on the same shaft with three low-pressure sections and the electric
generator. Steam is exhausted from the turbine to the main condenser,
where it is condensed and returned via the regenerative feed-water
heaters.

The reactor core, which contains 532 fuel assemblies, is refueled
annually, with about 25 percent or 133 fuel assemblies replaced during
each refueling period. The assemblies now in use were manufactured
by General Electric Corporation.

The station was designed by Niagara Mohawk Power Corporation and con-
structed by Stone and Webster Engineering Corporation. The Station has
been in commercial operation since December, 1969. The station plot plan
is illustrated in Figure II-1.

B. PLANT WATER USE

Cooling water for the main condenser, auxiliary systems, reactor-shut-
down heat removal, and the primary cooling system is withdrawn from
Lake Ontario and returned after use. The only net water consumption
is that due to evaporation of water, water in disposed "solids" or
radwaste solutions, and water due to minor leaks. Although an exact
determination of this loss cannot be made, the maximum loss is esti-
mated to be 10 gpm. This loss does not include evaporation from
the lake surface due to the heated discharge.

No chemicals or inhibitors are added to the circulating or service
water systems. The silt content of the lake water has been sufficient
to prevent attachment of biological growth in the cooling system.
Chemicals are used in the makeup-water treatment system, analytical
sampling system, and the decontamination system. Chemical discharges
from these systems are diluted below detection limits and below pos-
sible impact levels as described in Section 3.6 of the AEC Final
Environmental Statement for the station issued in January 1974.
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The City of Oswego supplies 3300 gpd for domestic-water use. Most
of this water is returned to Lake Ontario after treatment. The water
usage for the Station is shown in Figure II-2.

C. COOLING WATER SYSTEM

The Station uses once-, through cooling to dissipate waste heat from
the main condensers and auxiliary cooling systems. The circulating
water for the Station is drawn from Lake Ontario into a submerged
inlet, circulated through the condensers, and returned to the lake
through a submerged discharge structure. The intake and discharge
tunnels run under the lake bed to the screenwell and pumphouse on
shore. Figure II-3 shows the location of the intake and discharge
structures in Lake Ontario.

At maximum power output, the Station requires a total flow of 268,000
gpm; 250,000 gpm are for the main condenser and'18,000 gpm are for
service-water requirements. The main condenser will raise the cooling
water temperatur~ a maximum of 32'F corresponding to a heat'ejection
rate of 4.0 x 10 BTU/hr. The service-water temperature will be
raised about 20'F. The temperature rise for the total flow is 31.2'F.
The temperature of the intake water varies with the season normally
ranging from 32'o 77'F.

The circulating water system is designed with a system of gates located
in the screenhouse which allow reversal of flow through the intake-
discharge tunnels and lake structures, and allow intake water to
be tempered with a percentage 'of recirculated warm discharge water.„
Flow reversal is effected to correct intake icing. Tempering is
achieved by partially opening a gate connecting the intake and dis-
charge bays. The gate is periodically adjusted to maintain the con-
denser inlet temperature near 45'F when lake ambient temperature
is cooler than 45'F.

1. Intake Structure

Cooling water is taken from Lake Ontario into a hexagonal intake
structure located in a water depth of approximately 18 ft about 850
ft from the existing shoreline. The six water inlets, each 5 ft
high by 10 ft long, are guarded by galvanized steel racks to prevent
the entrance of unmanageable flotsam into the water system. This
design provides for water to be drawn equally from all directions
with a minimum of disturbance and no vortex at the surface. When

the Station is at maximum output, the water velocity at the intake
is about 2 fps. Figure II-4 shows structural details of the intake.

From the intake structure, the water flows at 8 fps maximum velocity
through a concrete-lined tunnel (see Figure II-5) with approximately
a 78 square foot cross section (10-ft diameter) to the screenwell
and pump house adjacent to the turbine building. From three separate
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0
interconnected bays in the screenwell, two circulating pumps (total
capacity 250,000 gpm) take the water through trash racks and travelling
screens and thence to the condenser.

Plant service-water is supplied by two 22,000-gpm pumps (normally
run at 18,000 gpm). Also located in the pump house are two 2500-gpm,
125-psig vertical turbine fire pumps. A sketch of the screenwell
is shown in Figure II-6.

2. Discharge Structure

The discharge tunnel, 10 ft in diameter, about 78 square ft in cross
section and designed for a flow velocity of about 8 fps, takes the
heated water from the screenwell to the discharge structure located
about 335 ft off-shore. The top of the hexagonal discharge structure
(Figure II-4), which has six ports 3 ft high by 7 ft 4 inches wide,
is about 4 ft above the lake bottom and is about 8-1/2 ft below the
lowest expected lake level.

The transit time of water through the cooling system is about six
minutes, of which 14 seconds is for passage through the condenser.
From the condensers to the exit at the discharge structure, travel
time is about two minutes. The effluent at the exit has an initial
velocity of approximately 4 fps. The profile of the circulating
system is shown in Figure II-5.

3. Permit Limits

The Nine Mile 1 circulating water system operates in compliance with
the U.S. Atomic Energy Commission Facility Operating License No.
DPR-63 and Appendix B thereto (Environmental Technical Specifications) .
The limiting thermal conditions are appended to this document (Appendix
B) and include descriptions of the basis for the limitations. In
summary, the maximum temperature rise across the main condenser is
limited to 32'F. The discharge temperature elevation over lake ambient
is limited to 50'F when lake ambient temperature is between 32'F
and 50'F, except during reverse flow operations. During flow reversal
the discharge temperature shall not exceed lake ambient temperature
by more than 70'F during the first hour, 60'F for the second hour
and 50'F thereafter. The maximum change in discharge temperature
shall not exceed 18'F in any hour except during forced shutdowns
or flow reversal.

In addition to these limitations the station operates in compliance
with limits set in the final NPDES permit with the exception of certain
contested conditions whose effectiveness has b een stayed. The thermal
limits in affect at this time are:

The discharge temperature shall not exceed 44.5'C (112'F).
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The discharge-intake temperature* difference shall not exceed
17.8'C (32'F) .

The net rate of addition of heat to receiving water shall not
exceed 1.06 Billion Kilocalories/hr (4.20 Billion BTU/hr).

D. PLANT OPERATING HISTORY

1. Records of .Shutdowns

The EPA guidance manual requests a list of plant shutdown dates.
Nine Mile 1 went into commercial operation on December 14, 1969.
The station records of shutdowns and scrams are summarized in Tables
II-1 through II-5. Each shutdown or scram resulted in a discontinuance
of the thermal discharge except for service water cooling flow. The

annual refueling shutdowns in spring result in substantial plant
capacity reductions.

2. Seasonal Plant Loads

The heat rejection of Nine Mile 1 to Lake Ontario varies with the
plant load. The plant capacity factor is defined as the ratio of
net electrical power generated to the maximum dependable capacity
over the reporting period. Monthly plant capacity factors over the
last five years are presented in Table II-6. The periods of low
capacity factor in April, May, and June result from annual refueling
and maintenance shutdowns. The peak capacity factor for Nine Mile
1 is generally in the~late fall or winter.

E. SUMMARY OF STATION DESCRIPTION

Nine Mile 1 is a 610 MWe nuclear station with once-through cooling and

submerged offshore intake and discharge structures. The maximum

condenser temperature elevation is 32'F and the design condenser
flow rate is 250,000 gpm. The normal service water flow rate is
18,000 gpm. The station has been in commercial operation since De-

cember 1969 at seasonal capacity factors characterized by spring
shutdowns and peak loads in late fall or winter.

* The temperature of the intake water refers to that temperature
which is present after intake water tempering.



TABLE II-1
RECORD OF SHUTDOWNS AND SCRAMS

AFTER INITIAL STEAMING

Date
1969

~Oerar1on Date
1970

~oerarion Hours Off Load

Oct. 5
6to9
11
12
12 to 18
23
26 to

Nov. 2
3
7 to10
8
10ll
13
21 to

Dec. 7

14
15
20 to 22
21
24
30

Sc
sh
Sc
Sc
sh
Sc

sh
Sc
hs
Sc
Sc
Sc ash
Sc

sh
Sc
Sc
hs
Sc
Sc
Sc

Jan. 9
12
19
23
24

Feb. 8
14
17.
20
25

Mar. 2

July 4
20
21
28

Aug. 8
Oct. 9
Nov. 14
Dec. 4

4 to
20

sh
Sc
Sc
Sc
SC
Sc
Sc
Sc
Sc
Sc
sh

Sc
SC

Sc
Sc
Sc
Sc

s sh
Sc

sh

Not on Load
7.67
5.96
7.25

10.27
228.43
41.92
4.00

391.75

sc — scram
sh — shutdown
hs — hot standby/s sh scheduled shutdown

** — starting with July 4, 1970, 8 of hours off load were recorded.



TABLE II-2

RECORD OF SHUTDOWNS AND SCRAMS — 1971

Date

Jan. 13
24

Feb. 11
Apr. 3
May

28
30

June 1
10
11
13

July 15

16
21

Aug. 18
29
30

Sept 18
Dec. 31

0 eration

Sc
Sc
Sc

s sh
s sh
sh(hs)

Sc
sh (hs)

Sc
sh(hs)

Sc
sc (shutting down

while bringing down to hs)
sc (while on hs)
Sc
Sc
Sc
hs
sh
Sc

Hours Off Load

111.70
7.38
7.13

668.90
657.37

28.20
12.08

160.55
12.15
65.83
65.83
84.90

84.90
12.40
10.80
13.42
5.00

931.42
13.80

sc — scram
sh — shutdown
s sh — scheduled shutdown
hs — hot standby



TABLE II-3

RECORD OF SHUTDOWNS AND SCRAHS — 1972

Date

Jan. 11
Feb. 28
Mar. 4
Apr. 1
June 14

23
26

~Oe rat ton

sh
sc
sc
sh
sc
sh
sh

Hours
Off Load

96.03
78.70.
24. 45

1791. 06
0. 00

30. 78
110.24

Hours
Reactor

Sub-critical

July 1
22
28

Aug. 26
Sept 2

21
Oct. 7

28
Nov. 19

sh
sc
sh
sh
sh
sh
sh
sh
sh
sc

.82
6.63

61.87
44.10
32.51
52.98
87.88
53. 84

'4.65
122.46

2.30
48.00
32.50
28.42
40.07
72.00

. 22.00
21.00

111.87

sc
sh
*
s sh-
hs

scram
shutdown
began recording reactor subcritical

scheduled shutdown
hot standby



TABLE II-4

RECORD OF SHUTDOWNS AND SCRAMS — 1973 and 1974

1973

Date

Feb. 9
23

Apr. 8ll
14
14 to

June 12
12
15
16

July 8
Oct. 18
Nov. 16

17
20
26

~Oeration

sc
sh
sc
sh
sc
sh

sh
sc

Turbine generator
shutdown only

sc
sh
sh
sh,sc
sc
sh,2sc

Hours
Generator
Off Load

151.2
53.0
17.1
47.8

1517.9

8.3

13.90
131.35
42.30

16.38
79.87

Hours
Reactor

Subcritical

135.2
32. 9
6.8

24.0

1394.8

46.0
4 '
0

5.0
118.0

23.5

5.75
68.70

1974

Mar. 30 to
June
Oct. 12
Dec. 9
Dec. 21

sh

sc
sc
sc

2,264.7

41.6
16.1

261.2

2,147.6

17.4
11.2

200.5

sc — scram
sh — shu tdown



TABLE II-5

RECORD OF SHUTDOWNS AND SCRAMS — 1975

Date Time 0 eration
Hours

Unavailable

Dec. 21 to
Jan. 5

off 0250 am
on 0138 am

97.63

12
13

0440 pm
0650 am

sc 14.16

18
19

1057 am
0703 am

sc 20. 1

Feb. 3

Feb. 3 to
12

Mar. 8 to
9

18

20 to
21

Apr. 11 to
13

July 27 to
28

Sept. 13

0051 am
1005 pm

2300 pm
0558 am

0042 am
0310 am

1415 pm
1752 pm

0045 am
1400 pm

1140 pm
0634 am

0025 am
0247 am

0540 am

sc

sh

sh

sh

sh

sh

sc

sh

9.2

211.9

26.5

3.6

37.3

42.9

24. 37

426.3

sc — scram
sh — shutdown



TABLE II-6

FIVE YEAR RECORD OF SEASONAL CAPACITY FACTORS

MONTH

January

February

March

April

May

June

July

August

September

October

November

December

Average

79.3 77.9 94.8 94.9

98.4 89.0 60.8 93.9

70.3

56.8

83.4

79.8

100.0 82.6 94.6 77.2 79.2 86.7

45.8

86.1

87.0

64.8

89.4

44.8

6.4 . 0.8

1.9 0

51.3 22.5

75.7 75.2

88.0 80.1

52.6 54.6

12.7 68.9

93.3 77.2

94.6 95.2

62.8 60.3

30.8 0

0 0

27.9 0

81.9 69.8

83.6 91.1

84.4 94.1

66.6 78.8

68.0 90.4

89.0 47.1

65.2 61.4

83.7

88. 5

86.9

24.3

18. 1

37. 7

69.7

85.8 0
74.5

58.4

83.7

74.1

64.7

1970 1971 1972 1973 . 1974 1975 Average

(1) Based on 500 MWe prior to July 1971 and 610 MWe after July 1971.



III. PLUME DESCRIPTION

A. DISCHARGE ZONE

The guidance manual requires a discharge zone description, evi-
dence of compliance with applicable'water quality standards, and
records of communications with regulatory agencies which indicate
possible harmful effects. The guidance manual (page 22) defines the
discharge zone as "that portion of the receiving waters which falls
within the 2'C isotherm of the plume 30% or more of the time."
The times of surveys should include at, least a few months, and prefer-
ably indicative of a complete annual cycle. Thermal surveys of the
Nine Mile 1 plume have been made over a period of five years in six
different monthsto delineate the discharge zone within the receiving
water body segment.

B. THERMAL SURVEYS

During the period since Nine Mile 1 went into operation in 1969,
25 field surveys of the plumes resulting from the discharge of heated
condenser cooling water into the Lake Ontario have been conducted
(Storr, 1971f, 1972d,,1973a, 1974, 1975 ). An examination of
these data covering a period of five years, shows that the plume
extent and direction are strongly dependent on wind-induced lake
currents, wave action, and upwelling. However, the extent of the
plume has no direct relationship with the actual wind speed; that
is, high winds do not necessarily cause the longest plumes. By com-

paring plume surveys conduc'ted during days of similar ambient temper-
atures, no definite relationship between the heat. load (BTU/day)
and the area of thermal influence can be established. Also there
is no simple relationship between the heat load (BTU/day) and the
plume's offshore extent, even for the same wind speed and direction.
All these indicate the stochastic nature of the plumes, as influenced
by the hydrodynamic characteristics of the lake.

C. STATISTICAL SUMMARY OF THE PLUME

A cumulative frequency distribution analysis of the 25 sets of data,
given in Table III-1, was performed. The measured surface areas
within the 2'C isotherm were arranged in a series of decreasing plume
sizes. The area which is exceeded with a selected frequency is then
obtained from the resulting cumulative frequency curve, Figure III-1.
As shown in the figure, the surface plume area is greater than 160

acres thirty percent of the time.

A similar analysis was performed for the estimated volumes of the
plume within the 2'C rise isotherm. The cumulative frequency curve
is shown in Figure III-2. The volume exceeds 350 acre-ft 30% of
the time. Thus, the calculated mean depth of the discharge zone is
2.19 ft.



TABLE III-1
THREE-DIMENSIONAL THERMAL SURVEYS — NINE MILE POINT

Surface Area and Volume of Water Enclosed
within 2'C Above Ambient Isotherms

SURVEY
DATES

8-08-74
9-05-74

10-15-74

SURFACE
AREA

(ACRES)

369.50
72.00
51.70

VOLUME
(ACRE-FT)

1229.00
235.20
54.00

MEAN

DEPTH
~(PT

3. 33
3. 27
1. 04

WIND
SPEED
(MPH)

8-12
5

8-10

WIND
DIRECTION

W/NW
E/SE
Nw

6-27-, 73
8-03-73
9-05-73

10-12-73

75. 97
142.65
220.05
178.02

116.15
394.09
340.51
487.09

l. 57
2. 76
1.55
2.74

15-20
10-12
10-15

3-5

S

Nw
S

S

7-21-72
~8-02-72
8-16-72
8-31-72

10-20-72

6-29-71
7-13-71
7-23-71
7-30-71
8-16-71
8-25-71

11-03-71
11-16-71

7-22-70
8-14-70
8-16-70
9-23-70

10-21-70

109. 28
125.06
117.25
52.80

137.86

72.89
43.44

365 '2
161.38

84.08
106.34
46.37

267.61

136. 25
310.65
80.90

183.21
33.95

167.85
368.51
301.43
89.67

195.19

103.27
83.52

744.34
219.75
198.01
324.86
141.42

1005.25

314.74**
776.63**
131.87**
338.94**

95 '6**

l. 54
2. 94
2.57
1.70
1.42

1.42
1.92
2.04
1.36
2. 36
3. 05
3. 05
3.76

2.31*
2.50~
1.63*
1.85*
2.82*

20
5-10
5-8

9

.10

15-20
10-15

6-8
0-5
5-10
0-10
5-15
5-10

NA
NA
NA
NA
NA

W

S/SE
S/SE
Sw

Nw

W/SW
S/SW
S/SW

E
N

S/SW
NW

Nw

'W

NA
NA
NA
NA

NA — Data not available
* — Estimated from the depth temperature profiles

** — Obtained from surface area X mean depth
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Due to the stochastic nature of the plume the actual shape of a plume,
which extends over an area, of 160 acres cannot be readily determined.
The four surveys with 2'C isotherms closest to the 160-acre size
have common areas almost symmetrical about the point of discharge
and the plant transect (NMPP). A representative area of 160 acres
enclosing the common area of all the plumes around the discharge
point is illustrated as the discharge zone in Figure III-3. The
representative discharge zone extends about 1875 ft on each side
of the discharge point along the shore, and extends to a maximum
of about 2365 ft offshore. Figure III-3 also shows the current eco-
logical survey area around the Nine Mile Point Station.

D. EVIDENCE OF COMPLIANCE WITH APPLICABLE WATER QUALITY STANDARDS

Nine Mile 1 commenced operation in 1969 in compliance with existing
New York State regulations (6 NYCRR 701.3) which required that discharge
of heated liquids be limited to "none alone or in combination with
other substances or wastes in sufficient amounts or at such tempera-
tures as to be injurious to fish life..." Later thermal criteria
imposed by the State on new discharges (July 1969) specifically exemp-
ted existing discharges such as Nine Mile 1 from the numerical criteria.
On April 8, 1974 New York State certified that the discharge from
Nine Mile 1 complied with water quality standards. EPA approved
the New York State standards, then in effect, on May 8, 1974. On
July 8, 1974 New York State certified in a letter to the Administrator:
"Since the plant was constructed prior to the adoption of New York
State Thermal Criteria, it is exempt from numerical limitations".

On September 20, 1974 New York State adopted a revision of the criteria
(6 NYCRR 704) which imposed a criterion of 3'F maximum surface tempera-
ture elevation for discharges to lakes, but provided... "In determin-
ing that a discharge existing prior to July 25, 1969 has violated
the standard for thermal discharges, as provided in subdivision (a)
of section 704.1, the violation of any of the criteria contained in
this Part shall- not constitute evidence of a violation of such standard
unless it is also shown that the violation of such criteria has contri-
buted to the violation of the standard (6 NYCRR 704.6 {a)." Part
704.1(a), the standard, requires that all thermal discharges to the
waters of the State shall assure the protection and propagation of
a balanced, indigenous population of shellfish, fish and wildlife
in and on the body of water.

Thus the existing discharge is in compliance with applicable water
quality criteria.
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E. RELATED WATER QUALITY CORRESPONDENCE

The guidance manual requires submission of all water quality related
communications (which indicate possible harmful effects) between
the applicant and any regulatory agency other than EPA during the
last five years. Niagara Mohawk has received no such communication
related to the thermal component of its discharge, the subject of
this demonstration. A summary of permits received by the station
was submitted with the previous 316(a) document on August 2, 1974.
Since that time, NMPC has been issued a permanent operating license
for Nine Mile 1. A copy of the license is appended to this docu-
ment.





IV. BASELINE STUDIES AND COMMUNITY COMPOSITION

A. INTRODUCTION
/

In order to assess the effects of an electric generating station's
thermal discharge on the aquatic community of a waterbody, the abund-
ance, species composition, and distribution of the biota in relation
to power plant operation must be delineated ..This chapter
provides information for Nine Mile 1 based on studies at Nine Mile
Point and other areas in the vicinity. The major biological groups
present in the study area will be considered, along with the factors
which have been shown to affect these aquatic populations.

Prior to 1971, ecological investigations were conducted by Dr. J.
F. Storr in the vicinity of the Nine Mile 1 under contract to Niagara
Mohawk Power Corporation (Storr, 1973b). Storr collected data concern-
ing the basic current flow patterns, and the plankton, benthos, and
fish populations observed in the area from 1963 to the present.
LMS conducted ecological investigations of the aquatic ecosystem
in the vicinity of the Nine Mile Point Nuclear Station during 1972,
1973, and 1974 (QLM, 1973, 1974; LMS, 1975 in preparation). Because the
generating stations at Oswego and Nine Mile Point are in close prox-,.

imity (within approximately 12.8 km, 8 mi.), ecological data from
both sites are utilized to evaluate ecological conditions in the
area.

The programs conducted by LMS (QLM, 1973, 1974 LMS'1975) at Nine
Mile Point consisted of surveys of plankton (phytoplankton, zooplankton,
and ichthyoplankton), benthos'nd fish populations during the spring
through fall periods at various depths and transect locations. Im-
pingement and entrainment of nektonic and planktonic populations
were also monitored at the station's intake. Water quality was invest-
igated by LMS in the vicinity of Nine Mile Point (QLM, 1973, 1974;
LMS, 1975), including monthly determinations of inorganic nutrients,
heavy metals, dissolved oxygen (DO), temperature, pH, and BOD concen-
trations. Each trophic level of the community within the vicinity
of Nine Mile Point is discussed in the following sections.

Other studies in the immediate vicinity of the study area have been
conducted by the Lake Ontario Environmental Laboratory (LOTEL) (RGE,

1974), by McNaught and Fenlon (1972), and McNaught and Buzzard (1973).
The latter studies were concerned with the effects of plant operation
on phytoplankton productivity and zooplankton populations.

This chapter summarizes the essential characteristics of the biological
community found in the Nine Mile Point and Oswego area. Substantiation
of the facts and conclusions presented herein is found in the previously
submitted documentation of the lake surveys through 1973.

IV-1



B. PHYTOPLANKTON

The phytoplankton stocks in Lake Ontario have been studied by a number
of investigators, including Ogawa (1969), Davis (1966), ELM (1972),
and LMS (1974, 1975). The species identified by these authors en-
compass all phytoplanktonic groups, notably diatoms, green algae,
blue-green algae, and flagellates.

Several investigators have observed seasonal patterns of phytoplank-
ton occurrence in Lake Ontario (Davis, 1966; Nalewajko, 1966, 1967;
Munawar and Nauwerck, 1971; QLM, 1972,1974a). The seasonal patterns
are correlated closely with natural changes in physical conditions,
i.e, water temperature and light intensity, and with the supply of
dissolved inorganic nutrients. Although there is some phytoplankton
growth throughout the year, the annual cycle is usually characterized
by two periods of rapid and unusually intense phytoplankton growth,
termed "pulses" or "blooms." One pulse occurs during the spring
and is dominated by diatoms; the other pulse occurs during the fall
and is usually dominated by blue-green algae.

The seasonal patterns of phytoplankton observed in the vicinity of
the Nine Mile Point reflect seasonal patterns previously reported
in Lake Ontario. Community composition of phytoplankton identified
in the area during 1974 is presented in Table IV-1. The diatom commun

'uringthe spring was composed principally of Asterionella, Fragilari

found that Asterionella, Fragilaria, and Tabellaria were major genera
of diatoms in Lake Ontario. Work conducted during 1972 (QLM, 1973)
indicated that Asterionella, Fragilaria, and Tabellaria were the dom-
inant diatoms in the study area.

Munawar and Nauwerck (1978 reported that green algae tended to be
the dominant component of the phytoplankton in Lake Ontario during
late summer and that blue-green algae were dominant during the fall
bloom. LMS (1974) findings'ubstantiate these conclusions with the
green algae community, composed primarily of Scenedesmus, Coc stis,

reported these genera to be common throughout the lake basin.

QLM (1974a) investigated phytoplankton abundance at individual sites to
define possible "bloom" proportions of algae. Whipple et al6 (1948) sug-
gested that individual cell counts of algae exceeding 5 x 10 yells/1 con-
stituted bloom conditions, while densities greater than 3 x 10 cells/1
indicated the existence of a troublesome concentration of algae. Utilizing

IV-2



TABLE IV-1
SPECIES INVENTORY AND FREQUENCY OF OCCURRENCE

OF THE PHYTOPLANKTON

IN THE VICINITY OF NINE MILE POINT
1914

Class Chloro h ceae

O

Cup

Ck

O
O WA

C«d

ll*Aatinsstrue hantaschii
««Ank strodes s eon ol t s

«A fclcat s

~Bott cocoa 8 8 dst a s
Clitter'Ill Spp

*Charsci n sp.

*Chodatella cil te
C. ~lan recta
C ~adrisata
C subsalsa

N*tlost.art spp.

C. venus
Coo~estrum cambricum

*C ~io et
N*tos ariue spp
«~cc ense sp
*c 9 adt'crs
«c. ~tetr ea'a

«G. g lchell

Elaklltetll r Kcl tIIIOSII
Errerella bombs Senate

N«E dortna slats s

rra cei droesche

N«~oloeoc sais pp
G~ ~am la
G« gages
G. vcsxculosa

«G lcnki ia ~aais na

Ktrchnert lla l nar s

+K. obese
K. " bsolitari

«ll c . I. nt ~sill
«No reels'p..
*N phroe r.'ardhian

N rmncLrcum
N in t

«~Ooe st s sp.
+0 box'hei
0. larva
0 pustlla

N+Pandorina morum
ll«Pediasl « ~bar au

+P ~du lcx

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
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 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
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
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 X

X X

X
X X X

X X X

X X X
X X X

X X



TABLE IV-1'-(continued)

gad
Cbg

CV
Cap gag

o iag
Cb

ass oro ceae (Continued).
~P s imp lex
+P. tetras
«Phacotus lenticularis

Pol adrio s s ~sitl loss
Qua rrgu a chodattt
~Q. aa stria

NsScenedesmus sp

S. ab odans
*S c o.i t s
«a. rtd ga

*sS. bras r 1 ion s is
aa. dentic 1st s
*S ~doe h s

S. longus
ag ~obl

'

S. ~al ensis
+S. guadrxcauda
aSch ederia ~d
*S satin a
galen str e in t

N ~s vpp"
WStaurastrum spp

a. gracile
Tetr ed on adsto

*T. ililll e
*T CLC

T ~eeaadricu
+T. regulare
*Tetras ora lacustris

Th arne osa lt

Metrastrum sp
T. siege s
T. sta r geniaior e.

N Ulocllrin pp,
U s bcollsrticc
Unidentified colony

*Unidentified single cell
Unidentified gcrmling

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
X X
X X

X
X
X
X
XX

XX
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

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 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

X X X
X X X

X X X

X
X

X
X
X

Class Euplenoph ceae
N*g el II spp

~Lc cciec lie spp
**Trachelomonas spp.

X
X

C lass Chr so h ceae
~*~pnobr on socialo av arrican,

N*"~Snura uvc l la
X X X X X



TABLE TV-1 (continued)

Nvd
Cnp

O
O

Enp
Cup

Class Sacillario h ceae
'AO hi tora sp.
MOAstertonella Eorm a
**coccollata opp
*Coscinodiscus subtilis

DO~C atotetta spp
*eC. cpeneghxniana
*ec ato laura ~ett'ies

~che a spp
NODtato a tenue v*r ~elan stun

OD. v~lare
*cunotta curvate

No~pre I,larta ~ca cine
lp crotonensis
~Goo ho eoa spp

*+C olxvaceiucE
O~C rosi a spp,

NOMalostra spp
'"M hinderana
+8. granulate
OM. ~xs n tce

M. art ns
ON v'e la epp.
*N ~trt naaata
*Nx.tzschxa sPP
*Nc acicularis
ON. EIetscttco

+S. astrea
„*s hallt*scllii at EI s lla

s. a raa
s. ten Is

,

+Surizel.la spp
*"S. ovata
NO~C edr spp
*EE'S ulna
N+Tab~elaria fenestrata

X
X
X

X
X
X

X
X

X

X
X
X
X
X
X

X
X
X

X

X I 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
X X X

X

X
X
X

X
X

Class Dino h ceae

NOGle d'niu spp.
~Godini spp

*C. hei etta

p. ~icon ie u

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

Gl ~Mso II ca s
NN'Anabaena sp

A. ~floe-a ae
A.~ao os

~ A spxroxdes

~ah noeaps spp.
A ~lchtll

X X
X X
X

X X X
X

X
X



TABLE XV-1 (continued)

Class M xo h ceae Continued
~Ahaaothe o epp.

*Chrooao e s spp ~

C. ~dxs er os
«c. xx eetxt s

C. xnar. s

gxg
gxg

lgt Cgx
CV

X
X X
X X X X

X X X

ot
gxg I
Oi
gap g

D. snxthx
e~CToeoes sa spp.

N Gonphos haeria lacustris
a~inta a 1 netiea

~Marx o edx tenn seine
N"Ose llato e sp.

0 ~ I aet o
'Pfornxdxum sp.

a~~pa a st s eraginesa
P. incerta

olin ~ne d 'ngle eall

X X

R
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 Z

lass Cr to h ceae
N*Cr tomonas cross

~ Kata lepharis ovalis
X X

X X X
X

KEY
~identified in windrow collections (windrow species collection dates not indicated)
** unique to windrow collections

N potential nuisance algal genus (Mackenthun, 1969)
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Botryococeus sudetious, Volvox aureus, Glenodinuim paluste, snd Euglena
sp. reached or exceeded bloom proportions as determined through sam-

a blue-green algae, was the only species whose population exceeded
bloom conditions on more than one sampling date; these dates however;
were not consecutive. Sampling conducted in 1974 indicated a greater
abundance'f green algae and lower abundance of blue-green algal
species'.'he slight shift in species composition was attributed
to overall cooler water temperatures in 1974 compared to 1973 in
the vicinity.'.of Nine Mile Point.

s

The phytopl'ankton species in the vicinity of Nine Mile'Point conform
closely to the inventories of species recorded fo'r shoal waters in

-Lake Ontaiio'." The taxonomy of the Nine Mile Point phytoplankton re-
flects the same s'pecies shifts observed in other parts of the lake
over the past 50 years. The taxonomy, distribution, and abundance
of phytoplankters in the Nine Mile Point vicinity are essentially
the same as has been determined for the lake as a,whole.

C. ZOOPLANKTON

1. Microzooplankton

The second cate'gory'of organisms is the microzooplankton, the mem-
bers of;which 'are an integral part of the aquatic c'ommunity in the
vicinity,.of Nirie. Mile Point. To facilitate a division of zoo-
planktonic populations on the basis of size, microzooplankton may
be defined--as those organisms retained by a 76m mesh plankton net.

) ~

Thegmicrozooplankton fraction of the total zooplankton community in
;,,the. vicinity of Nine Mile Point is composed of four major tax-

onomic groups: 'otifers, cladocerans, copepods, and protozoans.
Seventeen genera of rotifers and six genera of cladocerans have been iden-
tified; copepods were 'identified as adults and nauplii; and eight" gen-
era and:two families of the most commonly occurring protozoans were
identified through the 1974 sampling program.

Rotifers contribute the greatest percentage of microzooplankton abun-
dance in the vicinity of Nine Mile Point. Members of this taxa exhibit
a bimodal pattern. of seasonal abundance with the. first and normally
largest pulse occurring during July and a second pulse in the early

' fall period. Sampling conducted by Storr (1971g) and LMS (1974) both
observed the dominant 'rotifer to be Keratella sp.



TABLE IV-2

. MXCROZOOPLANKTON SPECIES INVENTORY

NINE MILE POXNT — 1974

PROTOZOA
Lobosa

Testacealobosa
Difflugiidae

~Difflu ia sp.
Suctoria

Tentaculiferida
Acinetidae: I

Thecacineta sp.,
~Toke hr a sp.

Dendrosomidae

Podophryidae.
Paracineta sp.

Ciliata
Spirotrichida

Tintinnidae
'Codonella cratera

Peritrichida
Epistylidae

e ~Efst lis sp.,
Vaginocolidae
Vorticellidae

Vorticella spp.
Holotrichida

Gymnos tomina~

ROTXFERA
Monogononta

Ploima s

Brachionidae
Brachionus sp...
B.'~cal ciflorus
B. Suadr'identeca

'B. urceolaris .

Euchlanis sp.

'Fl

Kat'stella sp.

K. Suadrata
'otholcasp.

N..acuminata
~Le adella sp.

Lecpnidae
Lecane sp.

Notommaridae~.'P.
, Trichocercidae

Trichocera sp.

T. multicrinus
'.

Norcellus
Gastropidae

Asplanchnidae''

. Synchaetidqe '; ., '.

Ploesoma.sp.-
P. hudsoni e

:P. lenticulare .

P.'runcatum

P. eurvutsra
~S nchaeta pact'inata
S. ~st latata
S.«tremula

osculariaceae ....
'estudinellidae

Pilinia'~lon iseta
Conochilidae

Conochilus qp.
C. unicornis

Conothecaceae
Collotheca mutabilis

'uborder



TABLE
'IV-2'Continued)

AR'QROP,ODA
.Crustacea

.Cladocera
Bosminidae

Bosmina spp.
Chydoridae

'aphnidae

~Da hn1a spp.
D. Da1eata mandatee

'D. retrocurva
Holopedidae~B—'
Sididae

Copepoda+* „

Calanoida
Diaptomidae

~Dia tomas spp.
D. minutus

.'Centropagidae
Limnocalanus 'macrurus

~ ... .Temoridae

~
. Cyclopoida

Cyclopidae~2
Harpacticoida

e

+* Subclass



Cladocerans formed the second highest percentage of the total microzoo
plankton population and occasionally the highest percentage observed
(LMS, 1974). The seasonal pattern of cladoceran abundance was bimodal:
the first peak occurring during July and the second usually greater
peak during October or November. Btorr ( 1971g) found Bosmina longito-
stris to be the dominant cladoceran with peak abundance for the spentas
rn the late summer/early fall period. Daphnis was the most abundant
spring cladoceran having increased reproduction triggered by increasing
water temperature. Differences noted in species composition and
seasonal trends between Oswego and Nine Mile Point were in part the
result of Oswego River influence on the lake biota (Storr, 197lg).

Copepods in the vicinity of Nine Mile Point exhibited the same general
seasonal cycles as Cladocera with percentage levels of the total
microzooplankton community between 10 and 20 percent (LMS, 1974).
Copepod nauplii were abundant during the spring and adult forms in
the late summer, reflecting the reproduction and growth of the organisms.

Protozoan abundance has.,been found to be highly variable; however,
the general trend is for the lowest abundance to occur during the
winter and highest abundance during the summer (LMS, 1975). The
seasonal trend in abundance is probably the result of water temperature.
The dominant protozoans identified belong to the family Vorticellidae.

The total microzooplankton population showed the combined seasonal tr~
in abundance of the four groups discussed previously. At most station~
the result was a bimodal seasonal pattern. The greatest numbers
of micro~ooplankters occurred3during late July; there were approximately
1.5 x 10 microzooplankters/m present at all stations during this
month. Abundance throughout the sampling period was over 10 micro-
zooplankters/m on most sampling dates during 1973 (LMS, 1974).

Glooschenko et al. (1972) found a bimodal pattern in the seasonal
abundance of zooplankton at a station in eastern Lake Ontario. The

occurrence of the two peaks of abundance was similar to that observed
by LMS studies in the vicinity of the Nine Mile Point Nuclear
Station, but the number of organisms found by Glooschenko et al.
was about an order of magnitude less than the number of organisms
found in the vicinity of the Nine Mile Point Nuclear Station (see
QLM, 1972 and 1974a) and Oswego.

Gachter et al. (1974) found a quadrimodal seasonal pattern of zoo-
plankton biomass in the littoral areas of Lake Ontario; the first
two pulses occurred during late February and late April and the last
two pulses occurred during the time when pulses were observed by
LMS in the waters off Nine Mile Point.



2. Macrozooplankton and Ichth o lankton

Classifications according to size are widely used for distinguishing
smaller and larger members of the plankton community. For the pur-
poses of the 1973 survey in the Nine Mile Point vicinity, the
term "macrozooplankton" was defined as those invertebrate zooplankters
retained in a 571'esh plankton net; "ichthyoplankton" was defined
as the vertebrate zooplankters ( fish larvae) retained in a 571'lankton
net. However', invertebrate crustaceans of the same species may be
found in both the macrozooplankton and microzooplankton collections
due to the wide range of sizes encompassed by the 'developmental stages
of these organisms.

Eleven major macrozooplankton taxa have been identified from collec-
tions made in the vicinity of Nine Mile Point and Oswego during 1973
and 1974 (QLM, 1974; LMS, 1975) (Table IV-3). The dominant
macrozooplankton groups were cladocerans, copepods, and amphipods.
Nematodes, hydroids, insect larvae (mainly diptera), and gastropods
were occassionally observed in macrozooplankton samples. Two species,
pentopor'eia affinis and ~M sis ocolata relicta, which are cold water
glacial relicts were observed primarily during periods of cold water
upwellings. In general the greatest concentration of macrozooplankton
was observed to the east of Nine Mile Point, probably resulting from
current circulation around Mexico Bay.

Fish larvae samples were collected from spring through fall in the
vicinity of Nine Mile Point in 1973 and 1974 with sampling extending
over a longer period at the intake and discharge of Nine Mile 1 (QLM,
1974; LMS, 1975). All samples were analyzed for total egg and larval
aburidance with representative sub-samples identified 'and lengthed
to evaluate growth. A complete species list is presented in Table
IV-4. A total of twenty-two species representing twelve families
have been identified in the vicinity of Nine Mile Point. Alewives
were by far the most abundant larval species; the other species listed
in Table IV-4 occurred on few collection dates or in small numbers.

There are few published data on the distribution and abundance of fish
larvae in the Nine Mile Point area; some information is available
(although not specifically related to the Oswego - Nine Mile Point
vicinity) concerning the feeding habits of larval fish. Since alewives
are the most abundant fish in the study area, the larvae of this
fish was the dominant ichthyoplankter among the 22 larval species
identified (QLM,1974; LMS, 1975)." Although Lake Michigan popula-
tions may differ from Lake Ontario populations, Norden's (1968) study
of alewife larvae in Lake Michigan will serve to provide same background

IV-5



TABLE 'IV-3

MACROZOOPLANKTON SPECIES INVENTORY

NINE MILE POINT VICINITY — 1974

COELENTERATA
Hydrozoa s

c
~Hdra americana

NEMATODA
PLATYHELMINTHES

Turbellaria
ANNELIDA

Polychaeta
Sabellidae

Oligochaeta
MOLLUSCA

Gastropoda
Pelecypoda

ARTHROPODA
Arachnoidea

Hydracarina (Acarina)
Hygrobatidae

ma

Limnesiidae
Limnesia

Unionicolidae
Unionicola sp. A
Unionicola sp. B
Huitfeldtia ~recti es

Lebertiidae
Lebertia.

Pionidae
Piona
Forelia

Zerconidae (Free Living Te
Crustacea

Branchipoda
Cladocera

~Le todora kindtii
Branchiura

~Ar ulus sp.

rrestial Forms)



TABLE yg 3 (Continued)

Malacostraca
Amphipoda

Gammar idae
Gammarus fasciarus

Pontoporeia affinis
Mysidacea

Mysidae
Mysis oculata relicta

Octracoda
Podocopa

INSECTA
Neuroptera

Climacia areolaris
Hemiptera
Trichoptera
Odonata
Ephemeroptera
Coleoptera
Diptera

Chaoboridae
Cbaoborus albipes

Chironomidae
Chironomus

'ricotopus

Pseudochx.ronomus
Endochironomus
Demicryptochironomus
Paracharonomus
Rheotanytarsus
Tanytarsus

Paratendipes

Orthocladius
Psectrocladius
Procladius

Phaenopsectra
Paracladopelma
Potthastia



TABLE
IV-4'ISH

AS REPRESENTED BY EGG AND LARVAL COLLECTIONS
IN THE VICINITY OF NINE MILE POINT 1973-1974

Family

Centrarchidae

Clupeidae

Cottidae
Cyprinidae

Gadidae
Osmeridae
Percichthyidae

Percidae

Percopsidae
Salmonidae
Catostomidae
Gasterosteidae

I

* 197 only
* 1973 only
+ Egg only

Common Name

Pumpkinseed
Smallmouth bass»
Alewife
Gizzard shad*+
Mottled sculpin
Carp
Common shiner
Goldfish
Emerald shiner~
Spottail shiner4
Burbot*
Rainbow smelt
White pere/
White bass>
Johnny darter
Yellow perch
Walleye~+
Log perch
Trout-perch*
Cisco flake /erring*
White sucker"
Threespine stickleback4

Scientific Name

~be amis ~f,bbosus

Cottus bairdi
~Crinus ~car io
~Notre is cornutus
Carassius auratus
~Nocto is atharinoidis
~Notre is hudsonius
Lota iota
Osmes~igh mordasx
Morone americana
Morone chrvhso s
Etheostoma ~ni rum

Stizostedion vitri
Pereina'~ca rodes

CCore Canus sp.
Catostomus commersoni
Gasterosteus aculeatus



information. Norden found that alewives spawned from June
through, August and that larvae greater than 5mm in 'length were most
abundant during August, September, and October. Stomach content analysis
revealed that alewife larvae fed predominantly on copepods and clado-
cerans 200 to 300'. in cross-section.

Larval alewives were found from June through, early September in the,
Nine Mil'e'oint area with the period of longest coninuous presence
observed in 1974 (LMS, 1975). Seasonal abundance patterns for alewife
larvae reflected a late spring abundance peak followed by a second
higher peak in August. Length frequency data and abundance of eggs
suggest that alewife spawning reached peak levels'uring the first
half of July. The abundance of alewife larvae in night collections
made from late June through early August was usually an order of
magnitude greater than the abundance of these fish larvae in day
collections. Norden (1968) and Scott and Crossman (1973) point to
a nocturnal behavior pattern for this species.

The seasonal patterns of total larval abundance reflected the sea-
sonal patterns of larval alewife abundance at most stations (LMS,
1974). During late October, however, a fall pulse of rainbow smelt
young was found.

Rainbow smelt, johnny darters, carp, and mottled sculpin formed small
percentages of the total fish larvae population during the early
summer. The larvae of white perch, common shiners, yellow perch,
emerald shiners, and pumpkinseeds were also represented in samples
collected during the early summer. Spottail shiner larvae and un-
identified shiner larvae were also collected on at least one sampling
date (LMS, 1974).

Most of these larvae were found in samples collected between late
June and late August; however, rainbow smelt larvae were collected
during mid-May, and young of mottled sculpin larvae and rainbow smelt
larvae were found in early November collections.

Larvae of the burbot and Coregonous sp. were collected during the
earliest sampling dates in 1974 reflecting the cold water spawning
of the burbot and late fall spawning of coregonid species (Scott and
Crossman, 1973).

Since the majority of larvae collected were alewives, the trophodynamic
importance of other species of fish larvae in the Nine Mile Point
area seems to be comparatively minor. Rainbow smelt larvae occurred
during more sampling efforts (19 of the 36 sampling dates) th'an any
other species; alewives occurred in samples collected on 14 different
dates. The occurrence of larval johnny darters,mottled sculpin, and
white perch paralleled the occurrence of alewife larvae.



D. BENTHOS

Benthic organisms are those attached to the bottom, resting on the
bottom, or living in the sediment of a body of water (Odum, 1971).
Studies of the benthic community in Lake Ontario show that several
organisms exhibit distinct distributional patterns. Brinkhurst (1969)
reported that the general distribution in Lake Ontario followed the
distribution of benthos in temperate oligotrophic water bodies having
some inshore areas supporting eutrophic forms. Historically, benthic
studies have been concentrated in the eastern portion of Lake Ontario
(Johnson and Matheson, 1968; Johnson and Brinkhurst, 1971 a,b).
The entire lake, including some stations in the Nine Mile Point area,
has been sampled by some investigators (Hiltunen,. 1969); other studies
have been concentrated entirely in and around Oswego (Judd and Gemmel,
197 1 p Storr, 1972; QLM, 1972) . Judd and Gemmel ( 197 1) observed few
organisms in the shore zone; the fauna increased in abundance and
diversity with depth.

A primary objective of the 1973 and 1974 programs was to obtain infor-
mation on the benthic community and determine the seasonal'luctuations
of the related invertebrate populations. The study was also designed
to evaluate the effect of operation of Nine Mile 1 on the benthic
community.

Substrate in the vicinity of Nine Mile Point was found by LMS (1975)
to be primarily bedrock with larger rocks, and some silt. The more
eastern transects exhibited a greater proportion of finer particles
as a result of Mexico Bay current patterns. Four transects each
composed of five stations were sampled in the 1973 and 1974 benthic
surveys. The transect designations were Nine Mile Point West (NMPW),
Nine Mile Point Plant (NMPP), FitzPatrick (FITZ), and Nine Mile Point
East (NMPE). The NMPW transect was approximately 8000 ft west of
Nine Mile 1 and NMPE was approximately 8000 ft east of the J. A.
FitzPatrick Nuclear Power Plant. The NMPP and FITZ transects were
directly lakeward from each power station centerline. Depths sampled
on each transect were 10, 20, 30, 40, and 60 ft. The nature of the
transects and depths along each transect enabled comparison of benthic
populations from east to west and evaluation of the benthic community
in relation to depth at each transect.

A total of five phyla were represented in the benthic samples collected
in the vicinity of Nine Mile Point; 85 genera have been identified
(QLM, 1974, LMS,'1975). A species inventory of .the benthic invert-
ebrates is presented in Table IV-5. The majority of the organisms
collected represent species associated primarily with the surface
of the substrate, i.e., epi-benthic species, such as Gammarus fasciatus.
However, several infaunal forms, including members of the class Nematoda,
were also collected.

Seasonal trends in benthic invertebrate abundance in temperate zones
usually follow this pattern; reproduction during the spring; growth
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TABLE IV-5

BENTHOS

MACROINVERTEBRATE SPECIES INVENTORY

'INE

MILE POINT -
197/0'OELENTERATA

Hydrozoa
~Hdra sp.

NEMERTEA
UID

NEMATODA
UID
Alaimus sp.
Anonchus sp.
Butlerius sp,

Bastianiidae
Genus A
Genus B
Genus C

PLATYHELMINTHES
Turbellaria

Tricladida
Planariidae

~Du asia sp. /
ANNELIDA

Polychaeta
~ Sabellidae

Oligochaeta
Prosopora

Lumbriculidae

, Plesiopora
Tubificidae

INC - immature without chaetae
INC — immature with chaetae
Aulodrilus americanus
A. limnobuis g
A. ~luetic

v'.

Hiuriseta d

Limnodrilus cia aredianus v

'«L. hoffmeisteri

L. ~slralis
L. udekemianus ~ .

~cas ia (lacustris) . Peloscolex feroxd

P. multisetosus multisetosusp .

P. aultisetosus ion identus
Potamothrix moldaviensis

Tubifex tubifex
Enchytraeidae

UID
Naididae

Arcteonais lomondi /
Nais barbata
N. bretscheri .

H. ~elis uis
N. ~stm lexX""-"~~-
Paranoia ~sim lex

~S ecaria ~osina
~St laria fossularis
S. lacustris
Uncinais uncinate v

'V. comate

1.
Only Genera are listed; taxonomy is under revision.
UID ~ Unidentified form.

p rx occurrence in 1973 and 1974 benthic samples.



TABLE IV-5 (continued)

HOLLUSCA
Gastropoda
Prosobranchia

Valvatidae

V. tricarinata
Bulinidae

Amnicola ~Knee ra
A. limosa /
A. lustrica /
~Bith nia tentaculata

Pleuroceridae
Goniobasis livescens g

2Pleurocera acuta
Pulnonata

Physidae
~ph sa spp. (immatures)
P. inte ra g
p. ~sa ii

Lymnaeidae ~/.
Planorbidae

~Graulus parens /
Eelisoma ~anca s 8
H. trivolvis h~

Ancylidae
Ferissia tarda

Pelecypoda
Schizodonta

Unionidae
~Elli tio sp.

Heterodonta
Sphaeridae

Pisidium spp, g
~Ehaarium spp. P

ARTHROPODA
Arachnoidea

Hydracarina
Hygrobatidae

obates spp. p

2
3 Subclass
4 Subfamily

Tribe/ 1973 and 1974.

Limnesiidae
Limnesia sp.

Unionicaledae
Euitteldtic ~rect% cs
Neumania sp.
Unionicola sp,g

Lebertiidae
Lebertia sp. g

Torrenticollidae
Pionidae

Forelia
sp,v'iona

sp.r'rustacea2

Ostracoda
Podocopa

UID genera
Halacostraca

Isopoda
Asellidae

Asellus sp.g
Amphipoda

Haustoridae

Gammaridae
Gammarus fasciatus g

Decapoda
Astacidae

3Cambarinae
Cambarus robustus

Insecta
Dip)era
UID pupae

Chironomidag
Chironomini

Chironomus sp./
Cr tochironomus sp, /
Cr toclado elma sp.



TABLE VT-5 (continued)

Parachironomus sp../
Paralauterborniella

Phaeno~sectra sp.v
'Pseudochironomus sp"." 7
Stictochironomus sp
Xenohironomus sp./

Tanytarsini
Cladotan tarsus sp.

Tan tarsus sp.
Tanypodinae

Procladius sp.P
Orthocladiinae

Cardiocladius sp.

Heter'otrissocladius
Orthocladius sp.
Trissocladius sp.

Potthastia sp.
Ceratopogonidae

UID
Empididae

UID
Stratiomyidae

UID
Ephemeroptera

Heptageniidae
Stenonema sp./

Trichoptera
UID pupa
Hydroptilidae

~Ara lea sp.
Leptoceridae

Oecetis sp./

Spe

sp. /

Genera'dentification tentative.
1973 and 1974



through the summer and fall; and decreased numbers and activity with
the onset of cold water temperature (Ruttner, 1963; Odum, 1971; Fret-
well, 1972). This general trend was observed at the NMPP transect
during 19 73 and 19 74.

On a seasonal basis the greatest abundance of benthic invertebrates
was observed during late spring/summer months when the water temperature
was increasing or at the yearly maximum. Biomass values for the total
benthic collections were similar among the seasons sampled with a
sl'ightly higher value observed during the late spring period (LMS,
1974). A greater abundance and biomass was found at the two eastern
transects (FITZ, NMPE) compared to the plant and western control
transect.

Segmented worm abundance was found to be different by sampling date
and transect. A greater abundance was found in the early summer
(Oligochaeta) associated with Cladophora. A greater concentration
was found at the eastern transects compared to the plant and west
area. At both Nine Mile Point and in the vicinity of the Oswego Steam
Station the lowest abundance for oligochaetes was observed during
August which could be the result of avoidance (burrowing) and formation
of protective cocoons (Pennak, 1953; Brinkhurst, 1969).

Amphipods, primarily Gammarus fasciatus, were most abundant during th
early summer period with abundance values steadily decreasing through
the late summer and fall. Pontoporeia affinis exhibited a greater de
preference than the more shallow G. fasciatus.

Dipterans important in the food chain of many fish species, exhibited
a spring abundance peak followed by a steady decline as a result of fall
emergence. As noted for the other major taxa the main concentrations
of dipterans was found at the FITZ and NMPE transects.

The seasonal trend in benthic invertebrates with a greater abundance
found during the spring and Eall periods is mainly due to the presence
of actively growing Cladophora. This filamentous green alga provides
food and refuge for many invertebrate populations. Christie (1974)
attributes the productivity in Lake Ontario observed during recent
years to the growth of Cladophora and its associated fauna. This
is confirmed by the studies of Nine Mile Point which showed that
the greatest abundance and biomass were found at the shallow 10 ft
stations, and that abundance and biomass generally decreased with
increasing depth out to a depth of 60 ft. The two western transects
had similar abundance and biomass, being much lower than the two eastern
transects.



E. NEKTON

Fish communities in the Oswego and Nine Mile Point area of Lake Ontario
were sampled from March through December 1973 and April through

December'974

by trawling, gill netting, and seining (LMS, 1974, 1975; QLM,

1974) ~ Fish collections have been conducted on an intermittent sched-
ule by Storr using gill nets and trap nets throughout the pre-opera-
tional and post-operational years. Collections conducted by LMS

have been made along the same transects described in the benthos
section. A taxonomic inventory of the fish species collected and
identified is presented in Table IV-6.

A total of forty-six species representing twenty-one families have
been identified in fish samples collected at Nine Mile Point during
1973 and 1974 (QLM, 1974, LMS, 1975). Over the two years of sampling
approximately 75% of the fish collected (157,165) at lake stations
and 90% of the fish collected at ~ the travelling screens of the Nine
Mile Point Plant were al'ewives. Rainbow smelt> spottail shiner,
yellow perch, and white perch comprised approximately 18% of the
total fish collected, indicating the small numbers of the other species
reported in the taxonomic listing of the fish community.

On a seasonal basis the greatest abundance of fish was'observed during
the spring months corresponding to the spawning of rainbow smelt and
the shoreward spawning migration of the dominant alewives. Abundance
and fish diversity were the lowest during the warm water summer months
and showed, an increase especially in diversity during the fall. Lower
values during the summer are in part due to post spawning migrations
from the study area by adults and selectivity of sampling gear in
relation to collecting smaller juvenile fish.

The greatest fish concentrations were found at the two
and the lowest at NMPW with the plant transect falling
The greatest concentration along the east of Nine Mile
tent with findings for other trophic levels discussed.
community evaluated through seines was found to be low
having the alewife as the dominant species. Cyprinids,
important forage species spottail shiner, centrarchids,
perch, were the major community members.

eastern transects
in between.
Point is consis-

The shoreline
in abundance
mainly the
,and white

Storr (1970, 1969a,b; 1971a) in his pre-and postoperational studies
at Nine Mile Point found very little change in the fish community as de-
termined by gill net collections. Gizzard shad abundance is reported as

increasing in Lake Ontario (Scott and Crossman, 1973) and Storr observed the
'resence of gizzard shad in the post-operational samples and its absence from



TABLE IV-6
INVENTORY OF FISHES COLLECTED FROM THE VICINITY

OF THE NINE MILE POINT NUCLEAR POWER'STATION

Family Common Name Scientific Name

Petromyzontidae
Lepisosteidae
Anguillidae
Clupeidae

Osmeridae
Sciacnidae
Amiidae
Gasterosteidae
Ictaluridae

Salmonidae

Esocidae

Gadidae
Catostomidae

Cyprinidae

Atherinidae
Percopsidae
Cyprinodontidae
Cottidae
Percichthyidae

Centrarchidae

Percidae

Sea lamprey
Longnose gar
American eel
Alewife
Gizzard shad
Rainbow 'smelt
Freshwater drum
Bowfin+
Threespine stickl
Brown bullhead
Black bullhead~
Stonecat
Channel catfish*
Brown trout
Chinook salmon
Cisco or La)':a her
Coho salmon*
Rainbow trout*
Lake trout*
Northern pike
Redfin pickerel*
Burbot
White sucker
Northern hog suck
Carp
Golden shiner
Longnose dace
Common shiner
Spottail shiner
Emerald shiner
Lake chub
Brook silverside*
Trout-perch
Banded killifishk
Mettled sculpin
White perch
White bass
Yellow bass
Rock bass
Bluegillk
Pumpkinseed
Smallmouth bass
Black crappie
Johnny darter
Yellow perch
Walleye

eback

ring

er*

~An uilla rostrate
Alosa seudoharen us

Osmerus mordax
e " " s
Amia calva
Gasterosteus aculeatus
Ictalurus nebulosus
Ictalurus melas
Noturus flavus
lctalurus ~unctuous
Salmo trutta

~Core onus artedii

Ealmo Eairdneri name cu
Salvelinus
Esox lueius
Esox americanus
Lota iota
'Catostomus commersoni

~Crinus ~coz io

~Notro is cornutus
~Notre is hudsonius
~Notre is atherinoides
Couesius Elumbeus
Labidesthes sicculus

Pundulus ~dia hanus
Cottus bairdi
Morone americana
Morone ~chr so s
Morone mississi iensis

~Le ernie macrochirus
~Le ernie ~ibbosus
Mireo terus dolomieui

Etheostoma ~ni rum
Perca flavescens
Stizostedion ritr

* collected only during 1974
collected only during 1973



,the preoperational collections. Bodola (1966) points to the congreg-
ation of this species at discharges in Lake Erie which may account
for its presence at Nine Mile Point. Data on gizzard shad by LMS

(1975) indicate an increasing population in the Nine Mile Point vicin-
ity with the greatest concentration at the NMPP and FITZ transects.

F. SUMMARY

The aquatic community in the vicinity of Nine Mile Point as determined
by several years of ecological studies is characteristic of Lake

.Ontario. Primary producers exhibit two main pulses with diatoms
dominant in'he spring and greens and blue-greens exhibiting greater
abundance during the late summer/early fall. Primary and secondary
consumers followed cyclic rhythms related to food availability and
reproductive patterns. Ichthyoplankton, dominated by alewife larvae,
were present from late April through early September with peak abun-
dance noted in late July/early August. Overall low larval fish diver-
sity and abundance suggest that the area around Nine Mile Point is
not a major spawning ground. Benthos followed seasonal abundance
and growth patterns. Spring values for benthic populations were high'4'
associated faunal populations. The greatest percentage of benthic
populations were epi-benthic including amphipods, ostracods, and acari.

The fish community was dominated by alewives comprising more than
75% of the total number collected. Other spec'ies present in appreciable
numbers included rainbow smelt, spottail shiners, white perch, and
yellow perch. 'ntroduced species (alewife, rainbow smelt, white
perch) comprised the greatest percentage of the fish community.
Gizzard shad are now present at the site, but their number remains
small as compared with the other species listed above.
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VS SELECTION OF REPRESENTATIVE IMPORTANT- SPECIES

A. RATIONALE

Four criteria were used to aid in the selection of representative
important species, namely: 1) the recreational and commercial impor-
tance of the particular species, 2) the functional or trophic level
within the aquatic ecosystem, 3) whether or not the organisms are
a nuisance species or are endangered, and 4) an examinat'ion of com-
munity dominants with respect to biomass or to numerical abundance.
This list of species was submitted to EPA Region II on June 30, 1975.
EPA tranmit'ted an approved species list to NMPC on August 11, 1975
(see Table I-1). The species discussed in this chapter include all
species cited on either list.
The sources of information which were used include: (1) published
literature regarding the biology of a given species; (2) determinations
of importance to the ecosystem based on biological monitoring programs
which have been conducted in the Nine Mile Point area since 1963;
and (3) design features, location of the discharge, and the plume
resulting from the thermal discharge which may results in impact on
the distribution and abundance of the selected species.

1. Recreational Fish Species

Among the most abundant recreational fish species observed in the
vicinity of Nine Mile Point, based upon lake collections conducted
during the biological sampling programs, are the smallmouth bass,
yellow perch, and white perch. These species composed 8.1X (12,763)
of the total catch in the 1973-1974 Nine Mile Point monitoring pro-
grams; they support a local sport fishery and serve as an attraction
for anglers, especially during the vacation season. Based upon their
recreational value, and because some spawning has been observed in
the area, these species are considered representative fish species
for the study site.

In recent years the Province of Ontario and New York State have be-
gun fish stocking programs in Lake Ontario. The New York State fish
stocking program includes the stocking of salmon (coho and chinook)
and trout (brown, lake, and rainbow). Historically, the salmon stocking
program was initiated based upon two factors: (1) the recreational
value of salmon, and (2) the abundance of alewives, a potential food
source, in Lake Ontario.

Because salmon have been reported to feed on alewives, it was antici-
pated that introduction of salmon into the lake would limit or control
the alewife population as well as provide a recreational fishery.
During 1974, approximately 400,000 lake trout and 42,000 brown trout
were stocked in Lake Ontario; approximately 500,000 coho salmon



and nearly 1,000,000 chinook salmon were introduced into 11 streams
which flow into Lake Ontario. Trout and salmon represent minimal
((0.1%) numbers in the lake in the vicinity of Nine Mile Point, based
upon lake and impingement collections by LMS during 1973 and 1974.

Although the low abundance of these species would seem to preclude
them from consideration as representative important species, efforts
by New York State to stock these species, as well as their potential
recreational value, have led'o their inclusion in this demonstration.

2. Commerciall Important Species

Historically, fish productivity within Lake Ontario has been lower
than that of the other Great Lakes. A combination of overfishing
and the introduction of competitive fish species (e.g., alewife and
rainbow smelt) has contributed to the decline in commercial fish
production in Lake Ontario (Christie, 1973). Among the commercially
important species in the lake at present are the rainbow smelt, white
perch, and yellow perch. Although the alewife is commercially ex-
ploited in Lake Michigan, this species is presently not considered
a commercially important species in Lake Ontario.

The alewife and rainbow smelt are the most abundant species in the
vicinity of Nine Mile Point, constituting more than 75% of the lake
collections and over 90% of fish impingement during 1973 and 1974.
In both instances, the alewife dominated the fish community. Fish
collections in the vicinity of Nine Mile Point indicate that white
perch constituted 4.7% of the lake population at this location.
In addition, analysis of white perch population dynamics (e.g., co-
efficient of maturity) indicates that this species spawned within
the Nine Mile Point vicinity during 1973 and 1974. White perch will
be considered representative due to their abundance and spawning
near Nine Mile Point. Because of their abundance, the alewife and
rainbow smelt also have been chosen for this

demonstration.'.

Species Important to the Forage Base

The recreational and sport fish species of Lake Ontario prey upon
several smaller fish species including alewife, johnny darter, emerald
shiner, threespine stickleback, and spottail shiner (Scott and Crossman,
1973). The alewife has been selected previously due to its numerical
abundance, its potential commercial value, and as a forage base for
the stocked salmon population. The threespine stickleback has shown
fluctuations in abundance from year to year and site to site which
may be related to their schooling and spawning habits. Male stickle-
backs establish and defend territories during the breeding season.
They require a bottom with vegetation in order to build a nest, and
since the area of such bottom is relatively small in the vicinity
of Nine Mile Point, only a portion of the male population becomes
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established or fixed to a territory. The remaining males and non-
reproducing females move about in groups and schools. The threespine
8tickleback are thus evaluated as a representative species due to
their abundance in the collections and their resident spawning activi-
tiess.

The dominance of the spottail shiner over other forage species in
lake collections, their distribution over wider areas and greater
depths, their continual presence on virtually all collection dates
in the lake and plant, and their presence in stomachs of larger fish
suggest that this species is an important representative of the com-

munity.

Gammarus fasciatus is an amphipod ( invertebrate) chosen by the EPA

as a representative species because of its importance as a forage
base for the young and adults of many species of fish.

Cl ophora a filamentous green algae which forms dense beds in the
littoral zone of Lake Ontario, was also selected as a representative

mar ily responsible for increasing the productivity of the limestone
dominated shoreline. The algal growth provides food and shelter
for invertebrate populations which in turn attract fish populations.
A second factor for the selction of Cladophora as an important species
is the strong environmental influence of temperature on the normal
growth pattern of the alga (Bellis and McLaity, 1967; Herbst, 1969).

\

4. Threatened and Endangered Species

Lists of threatened and endangered species are published by the U.S.
Department of the Interior. A review of these publications, current
issues of the Federal Register, and technical literature indicates
that the following species from the Great Lakes or Lake Ontario in
particular are considered threatened, endangered, or rare:

1. Lake sturgeon (Acipenser fulvescens)
2. Blue pike (Stizostedion vitreum glaucum)

4a. giackgin ctsco (Coregonus nigri innis prognathus)
5. Shortnose cisco ~Coregonus retghardt

None of these fish have been collected in the vicinity of Nine Mile
Point in the course of the extensive biological monitoring programs
of the last three years.

The guidance manual suggests that descriptions of species protected
by the Endangered Species Act (16 USC 1531 et. ~se .) be described.
Only the blue pike is so protected, but all rare species are listed
here for the information of the reader.
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Lake Sturgeon (Acipenser fulvescens)

Once the lake sturgeon was quite abundant in Lake Ontario; in fact,
in 1855 a commercial processing plant was established at Sandusky,
Ohio. Since then the lake sturgeon, especially in Lake Erie, has
been almost eliminated. A detailed description of the decline of
the Great Lakes sturgeon fishery can be found in Harkness and Dy-
mond (1961). No lake sturgeons were collected in 1973 or 1974 in
either the general ecological surveys or impingement collections.

Blue Walle e (Stizostedion vitreum glaucum) (also known as Blue Pike)

This species consisted of two subspecies, the yellow walleye,
Stizostedion v. vitreum, and the blue walleye, S v. glaucum. The
blue walleye was placed on the Rare and Endangered l~ist McAllister,
1970) as rare or perhaps extinct. Scott and Crossman (1973) conclude
that it has totally dissappeared from Lakes Erie and Ontario. This
is the only species which is legally protected by the Endangered
Species Act, 16 USC 1531 et. ~se . No blue walleye were collected
in 1973 and 1974 by sampling programs near the site.

Blackfin Cisco (Coregonus nigripinnis prognathus)

The blackfin cisco once ranged throughout all the Great Lakes except
Lake Erie, but now has disappeared from Lakes Ontario and Michigan.
There were none collected in 1973 or 1974 by LMS.

Kiyi (Coregonus ~ki i)

The kiyi was indigenous to the Great Lakes basin and was limited in
distribution to the deeper waters of Lakes Ontario, Huron, Michigan,
and Superior. It has virtually disappeared from Lake Ontario and
probably persists only in Lake Superior. None were collected by
LMS in 1973 or 1974.

Shortnose Cisco (Coregonus reighardi)

The shortnose cisco was once a valuable commercial species in Lake
Ontario until at least the 1940s. It is now very rare and only two
individuals have been reported in the literature in recent years
(Wells, 1969). None were collected by LMS in 1973 or 1974.

In summary, the following species will be considered as represent-
ative important species at the Nine Mile Point site:

l. Alewife
2. Brown trout
3. Coho salmon
4. Rainbow smelt
5. Smallmouth bass

Alosa pseudoharengus
Salmo trutta
Oncorhynchus kisutch
Osmerus mordax
Micropterus dolomieui
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6. Spottail shiner ~Norro is hudsouus
7. Threespine stickleback Gasterosteus aculeatus
8. White perch Morone americana
9. Yellow perch Perca flavescens

10. Gammarus Gammarus fasciatus
ll. Cladophora Clado'phora glomerata

B. LIFE'HISTORIES OF REPRESENTATIVE SPECIES

*

The alewife is an anadromous species that spends most of its adult
life in marine waters and returns to fresh water to spawn. It occurs
from Newfoundland to North Carolina (Scott and 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 near-
shore shallow water areas with sand and gravel bottoms. During the
spring spawning season, the greater numbers of alewives move inshore
at night; a decrease in alewife abundance in the spawning areas dur-
ing 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 dur-
ing 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 threshold 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 diel 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 remain near the spawning grounds
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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 indig-
enous forage fish species for food. Alewives are also an important
food source for large piscivorous fish such as the lake trout, burbot,
and salmon. Since its introduction into Lake Ontario during the 1800's,
the alewife has increased substantially in abundance.

2. Brown Trout (Salmo trutta)

The brown trout is native to Europe and western Asia. It was intro-
duced 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 water temperatures
ranged from 6.7'-8.9'C (44.1-48.0'F). Spawning 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 Mac-
Crimmon, 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). Additional thermal data for
brown trout is presented in Appendix A. 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) .

The coho salmon is an anadromous species which occurs naturally in
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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 occurring 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 the
spawning run (Scott and Crossman, 1973). Swift-running tributaries
with gravel'ottoms are usually selected as the spawning site.

The number of eggs deposited by the female varies with size of the
female, location, and year. The adults die shortly a'fter they spawn.
Eggs hatch during the early spring in 35-50 days, depending 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 m'ay 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 4 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). Appendix A provides
further thermal data. In fresh water, the young cohos feed upon
insects,oligochaetes, and the young of other, 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.

4. Rainbow Smelt (Osmerus mordax)

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,
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1964). In Lake Ontario, spawning runs do not occur until water temper
atures rise at least to 8.9'C.(48'F) and the runs do not continue
at temperatures warmer than 18.3'C (65'F).

Spawning occurs at night and the spawners move downstream to the
lake during the day (Bailey, 1964; McKenzie, 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 temperature and light
and remain in deep, bottom waters during the day. The lethal thermal
threshold for smelt is reported by Altman and Dittmer (1966) to be
21.5-28.5'C (70.7-83.3'F).

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.

5. Smallmouth Bass (Micropterus dolomieui)

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. Small-
mouth 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 vari-
able; 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.

Diel and seasonal movements occur partly in response to ambient tem-
perature fluctuations. Adults are found in shallow water on the
spawning grounds during the spring; with the onset of summer temper-
atures,'they move to greater depths. Studies have indicated 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
and are relatively inactive.
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Thermal data are presented in „Appendix A and indicate lethal thresholds
of 35'C-38'C (95.0-100.4'F) and preferred summer temperatures of
21'-27'C (69. 8-80. 6'F) .

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).

6. S ottail Shiner (Notropis hudsonius)

The spottail shiner is distributed in North America from sections
of Canada, including the Great Lakes, south to the state of Georgia
and in the midwestern United States (Scott and Crossman, 1973).

This species spawns during the spring and early summer throughout
its Canadian range over sandy, shoal areas at temperatures near 20'C
(68.0'F) (Peer, 1961; Carlander, 1969). The number of eggs spawned
varies from 100-2600 for yearlings through two year-olds (McCann,
1959). Evidence is scanty regarding the use of the mouths and lower
reaches of. tributary streams for spawning. During the spring, these
shiners may be found inshore; they migrate toward the shore during
the daytime and move into deep waters as the lake or river waters
warm. Lethal thresholds after acclimation to 7'-ll'C (44.6-51.8'F)
temperatures are 30'-31'C (86.0-87.8'F) (Trembley, 1961); additional
temperature data are found in Appendix A.

Smith and Kramer (1964) noted that females grow faster than males.
A maximum size of 132 mm in total length was indicated for a specimen
collected from Lake Erie (Scott and Crossman, 1973).

The spottail shiner feeds upon a variety of organisms throughout
its life cycle. In general, young fish prey upon small organisms
including insects and cladocerans; older individuals consume their
own eggs and young. As a fish of considerable forage value, the
shiner is eaten by almost all predaceous species and therefore is
extremely important in the trophic structure of the ecosystem.

7. Threespine Stickleback (Gasterosteus aculeatus)

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
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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 fresh water.
Sexual maturity is attained during the first year and the individuals
probably do not live longer than 3-1/2 years.

Lethal threshold temperature is listed in Appendix A as varying from
26'-33'C (78.8-91.4'F) after acclimation to 19'-20'C (66.2-68.0'F)
temperature.

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.

8. White Perch (Morone americana)

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 temperatures 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
durin'g this time (Mansueti, 1961). Spawning is accomplished over a

variety of substrates. The eggs are adhesive and attach to rocks,
vegetation, 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 temperature
and ranges from approximately 4 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 40-65 mm by July and August.

White perch growth rates vary with region and population. Land-
locked populations, such as Lake Ontario white perch, exhibit a slower
growth rate. Sex differences are also indicated with respect to
growth: females appear to be, on the average, slightly larger than
males.

Diel migrations have been noted for white perch, which appear to
move to offshore waters during the day and inshore 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 significant portion of the diet of large white perch.

9. Yellow Perch (Perca flavescens)

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 circumpo'lar 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 commercially valuable species throughout its range,
and consequently there is considerable literature on 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.'hey are
most abundant in the open water of large lakes with moderate vegetation
(Scott and Crossman, 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 in-
dividuals segregated by size. The groups of young are found in
shallower water and nearer shore than adults. Individuals adult
members of schools 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. En the Bay of Quinte, Lake Ontario yellow perch make yearly
spring movements 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'-ll'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 Ontario 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.

10. Gammarus fasciatus

The amphipod Gammarus fasciatus 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 0. fa sleet u's

noted that the sexes are separate and that reproduction ts enttrely
sexual. Males are longer at the attainment of sexual maturity than
females, for which the size at maturing varies with the tempexature;
at 6'C (42.8'F) females mature at 8.8mm, while at 26 C (78.8 F) they
mature at 5.4mm. 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 fer-
tilzation is ensured by the act of pairing, whereby the male carries
the female until copulation is completed. During incubation the
fertized eggs are carried in a brood 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', 64.4',
and 59 F) incubation lasted 7, 8, 9, 14, and 22 days, respectively.
The maximum number of incubation 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.
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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 temperatures varying from 14
to 22'C (57.2'o 71.6'F) young achieved maturity in 66 to 85 days.

An omniverous feeder, Gammarus fasciatus devours living and dead
plant and'animal matter, and may prey on such zooplankton as Daphnia,
Leptodora, and copepods (Clemens, 1950). It also eats benthic organisms
such as rnsect -larvae, oligochaetes, and small isopods (gurbanck,
1972); in addition, male gammarids in particular are cannabalistic.
C. fasciatus plays an important role in the trophic structure of
many aquattc environments since it is in turn consumed extensively
by a wide variety of fish and invertebrate predators (Scott and Cross-
man, 1973; LMS, 1974, 1975) ~

Temperature tolerance data on G. fasciatus is presented in Appendix
A. Pentland (1930) observed that it is capable of enduring high tem-
peratures. Lauer et al.- (1975) observed that Gammarus 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 organisms exposed to a tem-
perature of 37'C (99'F) for 1 hour died within 24 hours.

ll. Cladophora glomerata

Cladophora is a green alga with long, slim cells that form branching
filaments. Some species grow attached to hard bottom objects; others
float and may form tangled mats. Underwater currents may roll Clado-
phora into balls 3 or 4 inches in diameter; when its core decays,
the ball rises to the surface.

The relatively high level of productivity in Lake Ontario is exemp-
lified by the extensive growth and development of Cladophora in the
near-shore zone on hard surfaces or other areas of firm bottom
(Christie, 1974). In 1974, about 66% of the near-shore zone was
covered by Cladophora between Niagara and Rochester, as was some
79% of the near-shore area between Rochester and Stony Point (Wezernak,
Lyzenga and Polcyn, 1974). Expressed as dry weight, the standing
crop4of Cladophora in the western portion of Lake Ontario was 1.57

"7 """ '"'" » "r'""',"
to an extrapolated standing crop of 3.3 x 10 kg/km of shoreline
in the eastern portion of the lake.

In southern. Lake Ontario, Cladophora generally undergoes two short
periods of intense vegetative growth during June and September, separ-
ated by a midsummer dying-off period; this growth pattern appears
to be related to temperature (Bellis and McLarty, 1967). Maximum



growth of Cladophora occurs at temperatures between 20 and 25'C (68

temperature limit of about 12'C (53.6'F) was found by Storr and Sweene

(1971) in laboratory studies. More detailed temperature data for
Cladophora are presented in Appendix A.

A number of physical factors other than water temperature play a

role in the growth and development of Cladophora. Growth is abundant
in areas of high phosphates; a concentration of 0.03 mg/1 for this
parameter is a critical minimum concentration (Herbst, 1969). The
nitrogen demand of Cladophora (0.3 mg/1 for inorganic nitrogen is
the critical minimum concentration) is generally satisfied under
natural conditions. Alkaline water (pH 7.5 — 8.5) is required for
optimum growth.

Growth of Cladophora is also limited by currents, water depth, and
light intensity. Normal water movement brings a fresh supply of
nutrients to'the alga and allow diffusable waste products to be re-
moved. Strong wave action, however, is detrimental ( fragmenting
the filmsents) and limits growth of Cladophora to an upper depth
of 1-2 meters, while the lower depth limit rs detemuined by the trans-
parency of the water and light penetration. In areas where the lake

of about 8 meters, but its growth is considerably reduced at depths
greater than 4 meters.

a variety of plants and animals. Species of periphytic algae such
as the diatom Cocconeis pediculus may cover entire filaments of mature
Cladophora (Bellis and McLarty, 1967). In addition, the population
of benthic macrofauna as well as the abundance of eggs of some fish
species may be higher in areas covered by Cladophora than in exposed
areas.
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VI. 'IMPACT OF THERMAL DISCHARGE AT NINg MILE POINT

~'A. DISCUSSSION OF POTENTIAL THERMAL DISCHARGE IMPACTS

* " 'I't will be shown in subsequent sections that the thermal'ischarge
from Nine Mile 1 has not resu'lted in adver'se aquatic effects in the

~ . Nine Mile Point area. The discussion analyzes the potential for direct
ef'fects due'o the temperature rise or fall of the thermal discharge,or'o ind'irect e'ffe'cts rela'ted more to the method of discharge than
to the thermal component and's concerned with these effects as
they may be related to the selected representative important species
in the Nine Mile Point area."

1. Potential Direct Effects

a". Thermal Thresholds of Representative Species

The direct effects of heat on aquatic organisms are dependent
on the ambient temperature of the water, the magnitude of the
temperature differential, the type of discharge structure, the
duration of exposure of an organism, the amount of area and/or
volume affected, and the kinds and physiological state of the
organisms.

I
The life history information for the representative important
species indicates species-specific responses to ambient and plume
temperature.

All changes either within a fish or between the fish and its
environment ultimately are initiated through a physiological
response These changes can lead to alterations of the behavior
or'co'logical structure. More fundamentally, physiological chan'ges
within fish can be viewed as acute or latent. Acute effects
generall.y can be equated to immediate responses while latent
effects include a'ost of other changes including alterations
in osmosis, metabolism, excretion, respiration, brain function,
reproduction, growth, and so on.

A "zone of tolerance" characterizes species after acclimation
as to their high or low lethal temperatures. The. available in-
formation on the therm~1 tolerances of the representative important
species is presented in Appendix A. Within this tempeiature
range, the fish can survive, but some alterations in the physio-
logical chara'cteristics 'of the fish occur with changes in tem-,
perature.



Temperature effects can be modified by the past thermal history
of the fish. Temperature acclimation is a physiological adjustment
by the organism.to.a given thermal level. The ability to acclimate
is limited within a range of temperatures. The maximum upper
or lower acclimation points have been called the "ultimate incipient
lethal level" .by Fry (1947). When a change in temperature occurs,
and the, change is .large enough to be of physiological significance,
and .when insufficient time is available for acclimation, a condition
referred to as "thermal shock" can occur. Thermal shock is character-
ized by disorientation and cessation of directed activities and
can result from high or low temperatures. The critical thermal
maximum (CTM) is the'thermal point at which the locomotory activity
becomes disorganized and the fish loses its ability'o escape
from conditions that may cause death.

The selection of a particular thermal regime when a temperature
gradient is available has been termed thermal preference. Fry
(1947) further defined that temperature "around which all indivi-
duals will ultimately congregate, regardless of their thermal
experience before being placed in the gradient" as the final
preferendum. Ferguson (1958) presents a review of many early
'investigations which dealt primarily with temperature preference
from field data.

Thermal preferences exhibited by aquatic organisms results on
a seasonal basis in avoidance or attraction to thermally enriched
zones. Summer preferences below the temperature in the thermal
plume would result in an avoidance reaction while during'eriod,
of cold water temperatures a preference for warmer water would
attract the organisms to the plume.

Recent work has shown that the effects of temperature are influenced
by a mu'ltitude of other factors, e.g., the length, weight, sex,
and pge of the fish as well as the photoperiod, light intensity,
diqt, water chemistry and salinity (Halsband, 1953; Hoar and
Robertson, 1959; Mildrim and Gift, 1971; Cherry et al., 197$ ).
The thermal data for each species (see Appendix A) and the 316(a)
Technical Guidance Manual have been reviewed and critical conditions
for quantitative evaluation have been identified; particular
attention is focused on the occurrence of lethal warm temperatures
and temperature elevations. It should be noted that the acclimation
temperatures reported were determined from regulated studies
and do not take into consideration the myriad number of environmental
parameters which influence fish.

During the warmest water temperature period (June-September),
the ambient temperature of 23.3'C (71'F) is exceeded 10X of the
time at Nine Mile Point (LMS, 1975); the mean summer ambient



temperature is 19.4'C (67'F). The maximum discharge temperature
rise of the plant at full capacity is 17.3'C (31.2'F); however,
this is diluted rapidly by discharge at 1.2 m/sec (4 fps) exit
velocity.; The maximum surface temperature rise above ambient
is about 6.9'C (12.4'F) at capacity operation. The seasonal
loads described in Chapter II further reduce the temperature
in the plume. The August plant load for example is 86X based
on the five years of plant operation to date;

The summer lethal thermal thresholds corresponding to the most
critical temperature period for'epresentative important species
are listed in Table VI-1. Some of the associated acclimation
temperatures are not specified (see Appendix A for the complete
available data list); thus, the thresholds may in some cases
be conservatively low due to acclimation temperatures below the
normal summer Lake Ontario ambient temperature. Only three species
have lethal„threshold temperatures which may occur in the thermal
plume downstream of the initial jet portion of the discharge.
These species are the> brown trout, coho salmon, and rainbow
smelt.: The remaining species have all exhibited upper tolerance
limits in excess of the expected plume temperatures during the
warmer summer months.

The range of lethal threshold temperatures for the alewife is
23.0'C-32.2'C (73.4'F-90.0'F) with acclimation temperatures of
20'C (68'F) to 20.3'C (68.5'F) respectively. Graham (1956) reported
a 23'C (73.4'F) lethal threshold (at a 20'C (68'F) acclimation
temperature) for alewives immediately after rising from the cold
depth where they overwintered. Preferenda, however, indicate
that the alewife will.migrate from (avoidance) the lethal tempera-
ture toward 21.3'C (70.3'F). Overwintering fish are continually
under an osmoregulatory stress and their ability to withstand
a thermal stress at this time of the year is at a minimum when
compared to other times of the year.

The three species whose reputed summer maximum temperature toler-
ance would be equaled or exceeded by the thermal plume are normally
associated with cold water habitats. Scott and Crossman (1973)
cite thermal preferenda for the coho salmon as 12'-14'C (53.6'-
57.2'F); 7.2'-15.6'C (44.7'-60.0'F) for rainbow smelt, and
18.3'-23.9'C (64.6'-75.1'F) for the brown trout. The preference
for colder water would normally -limit the number of each species
in the warmer near shore zone during the summer months.

Brown trout have a lethal threshold of 23.5'-25'C (74.3'-77.0'F) ~

The 25'C (77.0'F) threshold is associatd with 14'-18'C (57.2'-



TABLE VI-.1

SUMMARY OF UPPER LETHAL.THRESHOLD TEMPERATURES

~Secies

Alewife

Brown trout

Coho salmon

Rainbow smelt

Smallmouth bass

Spottail shiner,

Threespine stickleback

White perch

Yellow perch

Gammarus fasciatus

Cladophora glomerata

Summer Lethal Threshold*

23'-32. 2'C (73.4'-90'F)

23.5'-25'C (74.3'-77 ' F) ~
24'«25'C (75.2'.-77.0'F)

21.5'-28.5'C (70.7'-83.3'F)

35'C (95'F)

>30.8'C (>87.4'F)

25.8'-33'C (78.4'-91.4'F)

34.7'C (94.5 F)

29'-32'C (84.2'-89.6'F)

34'-37'C (93.2'C-98.6'F)

>25'C (77'F)

Upper lethal thresholds temperatures based on the highest ac-
climation temperatures presented in Appendix A.



64.4'F) acclimation temperatures. Summer ambient near the site
exceeds 20'C (68'F); but depending on acclimation temperature,
the lethal threshold for brown trout way not be exceeded. The
lethal threshold for coho salmon is 24'-25'C (75.2'-77'F) which
is rarely exceeded by ambient temperatures at the site. The
natual frequency of occurrence of this lethal threshold near
the water surface is about 6X of the time or about 7 days during
the summer. In addition preference for colder water temperatures
(Appendix A) by these species during the summer when the lethal
limits and/or preferenda are exceeded in the plume would place
the organisms in areas not affected by the increased temperatures.

Summer lethal threshold reported for rainbow smelt range from
21.5'-28.5'C (70.7'-83.3'F). The lower range is not applicable
since summer ambient temperatures sometimes exceed 25'C (77'F)
during the period when smelt are present in the area, yet no
die-offs have been observed by sampling crews working in the
area. At maximum ambient temperatures, 26.7'C (80'F), the upper
end of the lethal range, 28.5'C (83.3'F), corresponds to a 1.8'C
(3.3'F) temperature rise.

The summer lethal temperatures are nearer to the highest acclim-
ation temperatures (presented in Appendix A) for all species
except white perch, which has a summer upper lethal threshold
of 34.7'C (94.5'F) ~

Thermal tolerance limits differ for different life stages of
the same species. Literature evaluation of thermal tolerances
for juvenile and adult fish done..bye'eS@va (1969) showed that

1guvenzles were usually eurythermal while adults were stenothermal.
Brown (1974) reporting on the tolerance limits of several fish
species notes the general higher and lower tolerance limits for
the larval and juvenile fish as compared to the adults. This
suggests that thermal tolerance date based on adult organisms
would be more than adequate to protect the younger members of
the population.

b. Plant Shut-down Effects

The potential for cold shock, a phenomenon which results in fish
stress and is caused by a rapid decrease in water temperature, '

eurythermal-tolerance to a broad range of temperatures, steno-
thermal-tolerance restricted to a narrow range (Ruttner', 1953).



illustrates the importance of lower thermal tolerance limits.
Cold shock may occur when the addition of heated water is termin-
ated during the colder part of the ye'ar due to plant shutdown.
The severity of cold shock stems from the physiological inability
of fish to adjust to descending temperatures as well as they
can acclimate to ascending temperatures (Speakman and Krenkel,
1972). Brett (1944) and Jones (1964) documented the'reater
sensitivity'f fish to decreasing water temperatures compared
to corresponding increases in water temperature using fish with
similar thermal histories.

Temperature preference studies conducted by Reutter and Herden-
dorf (1974) on several species of fish collected in Lake Erie,
including the alewife, smallmouth bass, spottail shiner, coho
salmon, and yellow perch, from the representative important species
list for Nine Mile Point, showed that all fish species preferred,
temperatures above ambient during fall, winter, and spring months,
while summer preferences were near or slightly above ambient
temperature. A review by'Sylvester (1972) of thermal tolerance
studies showed that at low acclimation temperatures fish usually
preferred water areas having temperatures higher than ambient.
Cherry et al. (1975) found that all of 13 species of cyprinid,
centrarchid, ictalurid, and salmonid fishes tested, including
several on the Nine Mile Point list, preferred warmer temperatures
at ambient temperatures below 18'C (64.4'F). Nine of the species
preferred warmer temperatures when the ambient temperature was
as high as 27'C (80'F), suggesting that attraction of some species
to thermal plumes would occur throughout the year.

A second observation made by Reutter and Herdendorf (1974) was
that even though fish could detect temperatures in excess of
the critical thermal level for a particular acclimation temperature,
all fish tested would swim into the area and die under fall,
winter, and spring acclimation temperatures. However, they also
noted that the critical thermal level for the fish species tested
under laboratory conditions would not be exceeded during any
time of the year by power plants located along the shores of
Lake Erie, assuming acclimation to ambient lake temperatures.

Lake Ontario summer temperatures are similar to those reported
by Reutter and Herdendorf (1974) for Lake Erie, hence this conclusion
applies to the Nine Mile Point site as well.

The temperature data sheets presented for each selected species
in Appendix A include limited information on lower lethal threshold
values. The most sensitive species for which data exist is the alewife
which has a reported lethal threshold of 0.2'C (32.4'F) at 5'C



(41'F) acclimation temperature. During the period in mid-winter
when the lake ambient temperature is near 0.2'C (32.4'F), alewife
might be expected to suffer some mortality if the plant shuts
down abruptly and if the alewife have not responded to the preferred
temperatures by moving off-shore. into 4'C (394F) mid-lake waters.

Centrarchids including the smallmouth bass are normally associated
with warm water habitats (Mihursky and Kennedy, 1967). Keast
(1968) found that smallmouth bass activity was initiated in the
spring by a temperature of 8.5'C (46.1'F). Gammon (1971, cited
in Brown, 1974) observed smallmouth bass avoiding a thermal dis-
charge during the summer but assuming positions within the plume
in the winter. The winter preferred temperature of greater than
8'C (46.4F) (Munther, 1968), which is near the expected maximum
surface temperature rise at peak output of the plant and the
lower tolerance level of 2'C (35.6'F) reported for smallmouth
bass acclimated at 15'C (59'F) could cause thermal shock to plume
associated organisms.

Tables II-1 through II-6 presented the available~information
on scheduled and non-scheduled plant shutdown since Nine Mile
Point Unit 1 commenced operation in December 1969. The extensive
field sampling program conducted in the vicinity of Nine Mile
Point has resulted in personnel being present during several
plant shutdowns, many during the colder water periods. To date
no observations of cold shock mortality have been made as a result
of shutdowns by Nine Mile Point Unit 1.

2. Potential Indirect Effects

a. The Effects of Currents, Pressure Changes, and Dissolved Ox gen

It is recognized that operation of the Nine Mile Point plant
and subsequent discharge through the submerged discharge system
could result in the following:

1. production of currents which may act as a near-field attrac-
tant to fish,

2. water movements which could draw the passive fish eggs and
larvae into the dispelled waters (plume entrainment) exposing
them to temperatur'es higher than ambient,

3. movement of plume-entrained organisms toward the surface
with a resultant decrease in the pressure, and

4. potential reduction in dissolved oxygen by biological oxygen
demand or heating.



It will be shown in subsequent sections that none of these potential
indirect effects have adversely a'ffected"the biological community
in the vicinity of Nine Mile Point;

~ t

Current Production

That fish orient themselves with'water currents has been known at
least since Gudger (1949) described a group of trout (Salmo gairdneri)
arrayed in extremely regular ranks near the bottom of a swiftwater
strea'm. Breder (1959) generalizes, for schools of fish in flowing
water, that "it must be remembered that it is possible to arrange
the distribution and form of the schools into almost any outline
desired by suitable adjustment of the amount of flow and its direction."
Thus, the currents created by the discharge diffuser may assume patterns
which, in the near field, affect the orientation of fish. Kelso
(1974), working with several species of fish in the vicinity of two
Canadian power plants, concludes that the fish were attracted by
the currents produced by the discharge rather than by its heat.
He found that the fish made'hat appeared to be feeding forays into
the heated'reas, remained there for some 20 minutes, and then left
the area. This behavior occurred both when the plants were rejecting
heat and when the circulating pumps were operating but no heat was
being discharged.

The early life stages of fish can also be affected by entrainment
into the plume, where they are subjected to heat (see section VI Al).

Pressure Changes

As the heated water rises, the planktonic organisms within the
water column will also rise and be exposed'o' change in pressure.
For the Nine Mile 1 discharge this change is about 0.4 atmospheres
pressure in about 20 seconds.

Tsvetkov et al. (1972), after studying the effects'f hydrostatic
pressure changes on fish, concluded:

l. acclimation of fish to a pressure is critical in determining
mortalities resulting from rapid changes in pressure,

2. for fish survival, the rate of pressure change is more important
than the magnitude of the pressure applied,

3. injury and mortality, especially in physoclists (fish without
connection between air bladder and gut), occurs when the pressure
release rate is greater than the normal decompression rate for fish,

4. rapid pressure changes can affect physostomous fish (fish with
'unctional connection between gut and swim bladder), and



5. sensitivity to rates and magnitudes of pressure changes is greater
for the young of fish with developed swim bladders than for older
fish.

Most investigations of the effects of pressure on fishes have
dealt with the lethal thresholds of increasing pressure while
little has been published on the effects of a reduction of pressure
toward atmospheric pressure.

Tsvetkov et al. (1972) exposed both physostomous and physoclist
fishes to modeled changes in the magnitude and rates of change
of hydrostatic pressure during passage through turbines. Pressures
from 1-6 atmospheres were applied by air pressure to the surface
of the water in order to acclimate the fish, which were allowed
to adapt to neutral buoyancy. The rates of releasing pressure to
atmospheric pressure ranged from 0.1-6 atm/sec. To observe possible
delayed mortalities, all surviving fish were maintained up to
four days.

Swim bladder injury and gas disease were the causes of pressure-
induced mortalities. Death occurred within 10 seconds to 15
minutes after rapid release from the acclimation pressure, when
rupturing of the swim bladder w'all occurred. In the physostomous
fishes, no swim bladder damage was observed when the rate of
pressure release was retarded, but rupturing of other internal
organs did occur as the swim bladder expanded, compressing the
other organs. Fingerlings of the roach Rutilus rutilus (L.)
[a physostome) displayed 100X mortality at a pressure release
rate of 3 atm/sec, 40-72X mortality at 0.1-0.5 atm/sec, and 10%

mortality when the rate was below O.l atm/sec.

Alewife were subjected to pressure changes from 0 to 36 psi over
a fifteen minute test period and then returned to 0 pressure by
Stone and Webster Engineers (1975). Observations were made during
the test and the test organisms were maintained for one week
to evaluate latent effects. The results of the preliminary study
generally indicated little effect of the pressure changes on
the test organisms.

Generally, the physostomes, including the alewife and rainbow
smelt, will not be adversely affected by the reduction of 0.03
atm/sec expected to occur within the rising discharge waters.
In addition, it is unlikely that this rate of pressure reduction
would adversely affect the physoclists, e.g., the white perch,
yellow perch, and spottail shiner.



Dissolved Oxygen
e

The effect of the thermal component of the discharge on levels
of dissolved oxygen has been considered, and has not been attri-
buted to any adverse effects upon the -Nine Mile Point aquatic
community.

Oxygen concentrations measured, in the Nine Mile Point vicinity .

of Lake Ontario are consistently greater than minimum values
necessary for growth and development of even the most sensitive
species (5.0 mg/1 Salmonids).

a

Oxygen concentrations recorded by QLM in 1973 ranged from 9.2
to 10.2 mg/1 (ELM, 1974a). With a subsequent increase in tem-
perature of 4'C (7.2'F) the expected level would be 8.5 to 9.4
mg/1 (Fair, Geyer and Okun, 1968). These values are well within
the acceptable range for survival, growth, and reproduction of
the fish populations present in the area of the thermal discharge
(LMS, 1975).

Additional studies have been conducted at Nine Mile Point Unit 1
to quantify the dissolved oxygen reduction on passage through
the power plant. Analyses of the 1973 data documented that the
reduction averaged 0.3 mg/1 even though the inlet water was super-
saturated.

3. Cladophora Growth

The impact of thermal discharge, from Nine Mile Point will not have
a measurable effect on the growth of Cladophora. The rapid dilution
and surface location of the plume should neither stimulate nor deter
the normal subsurface growth pattern. Furthermore during the warm
water period when the thermal limit of Cladophora would be exceeded
in the thermal plume normal growth would have already ceased. Early
or late stimulation of growth in, the vicinity of the thermal zone
is not anticipated because of the decided photoperiod influence on
the initiation and termination of growth in the spring and fall, respect-
fully (Storr & Sweeney, 1971).

The filamentous green alga Cladophora is characterized as a summer dom-
inant having intensive vegetative growth observed during two short
periods in May-June and August-September (Bellis and McLarty, 1967).
Storr and Sweeney (1971) working with Cladophora, collected in the
vicinity of Nine Mile Point and incubated rn the laboratory concluded
that optimum growth occurred at approximately 18.0'C (65'F) while
lower and upper tolerance limits were about 11'C (53'F) and 25'C
(77'F), respectively. These findings were similar to the temperature-



growth pattern cited by Herbst ('1969) for Cladophora in all of the
Great Lakes. Growth of Cladophora has also been shown to be strongly

1971).

Christie (1974) cites the recent increase in Cladophora in Lake Ontario
as the prime reason for increases in productivity. The filamentous
algae offers food and refuge .for several macroinvertebrate populations
which are preferred food for fish. Thi's observation of greater organism
abundance associated with Cladophora is supported by benthic sampling
conducted in the vicinity of Nine Mile Point during the time of algal
growth and development (LMS, 1974, 1975).

B. AESTHETIC CHANGES IN RECEIVING WATER BODY

In general two aesthetic problems unrelated to operatin of Nine Mile
1 occur th'roughout the littoral zone of Lake Ontario including the
area of Nine Mile Point.'hese are the fragmentation of the alga
Cladophora and the annual die-off of the alewife. The annual die-off
of alewives occurs throughout the lower Great Lakes.

Cladophora growth increases the productivity of the littoral zone
of Lake Ontario through protection and food availability to several
invertebrate and vertebrate populations. However, during periods
of high wind and wave action the filaments of the algae break off,
float to the surface, and collect along the shore. The loose decaying
mats offer an excellent breeding ground for several undesirable organ-
isms, such as biting midges, or gnats.

Similar to the decaying Cladophora, the rotting bodies of the alewife
along the shores of the Lake cause undesirable odors and serve as
a food source for organisms such as rodents. It should be noted
that both the Cladophora and alewife problem existed prior to the
completion of Nxne Male 1 and no change in the problem has been noted
since the plant has started operation.

No change in taste, color, or odor of lake water attributable to
the operation of Nine Mile Point Unit 1 has been observed during
any of the aquatic biological or water quality programs.

C. CHANGES IN COMMUNITY STRUCTURE
4

l. Simplification of trophic structure

Changes in community structure can be identified by changes in popu-
lation dynamics and: species diversity. Specific changes in the species
diversity and population dynamics in the Nine Mile Point area will
be discussed in Sections VI-D and VI-E respectively. Changes in
community structure which are symptomatic of an adverse trend in



population intgeractions are discussed in, the following paragraphs.
Subsequent sections will show that significant adverse trends do
not exist in the Nine Mile Point vicinity.,
Changes in environmental factors (abiotic, and biotic) which result
in shifts of the representation by members of the aquatic community
also cause changes in the community structure. One of the primary
abiotic factors that may influence the-structure of the aquatic com-
munity is temperature. The high heat capacity of water minimizes
temperature changes; thus the changes occur slower and with a smaller
range of variation in water than in air for example. Populations
evolve so that they can respond to the. normal fluctuations in temper-
ature during a seasonal cycle; alterations to the cycle could result
in simplification of the trophic structure through population elimin-
ation.

The result of trophic structure simplification usually results in,
lower productivity due to inefficient use of available energy.

2. Nuisance Species

Nuisance organisms may be either plant or animal and are defined
as species that cause or have been known to cause trouble in aquatic
ecosystems (Mackenthun, 1969). Any species which may be a hazard
to ecological balance or human health and welfare that is not naturally
a feature of the indigenous community must be defined as a nuisance
species, according to the guidance manual.

a. Phytoplankton

Industrial development and population growth especially around
the Lower Great Lakes has resulted 'in the addition, of large amounts
of nutrients and these combined with the proper environmental
conditions (e.g., light, temperature) could'cause increased nuisance
species abundance especially at the primary producer level (e.g.,
phytoplankton). Certain algal species when present in la'rge quant-
ities (blooms) can be classified as nuisances because they cause
bad taste and odors and have the potential to cause fish kills through
reduction of dissolved oxygen (Palmer,

1962).'loom

conditions for some algal species have been observed in
the Nine Mile area (LMS; 1974, 1975); however, at no time'have
any of the blooms persisted for an extended period of time'r
over a major portion of the study area, nor have they been observed
to affect the taste or odor of the water. Blue-green algae dominate
the period corresponding to the warmer water conditions at times
reaching bloom proportions, but none of the more abundant species



caused any nuisance problems such as dissolved oxygen reduction.
Sampling conducted during 1973 and 1974 has indicated a general
decrease in the abundance of blue-green algae in 1974 as a result
of lower lake water temperature. The primary thermal influence
in the Nine Mile Point vicinity is the ambient lake temperature
The thermal discharge from Nine Mile 1 has not been observed
to influence algal levels.

b. Nekton

The fish fauna of Lake Ontario and the other Great Lakes have
undergone changes in composition due to the decline of piscivorous
species such as the lake trout, and the increase of recently
introduced species including alewife, rainbow smelt, white perch,
and gizzard shad (Miller, 1957', Christie, 1974). Mayr (1966)
discusses the potential impact of an invading species on one
already established in an area. In general, through competition
for food or space the invading (introduced) species may increase
at the expense of the resident population, and in time they may
completely eliminate the resident species. Christie (1974) sug-
gests that the populations of alewife, rainbow smelt, and white
perch did not directly cause the decline of the large piscivores,
e.g. the lake trout or Atlantic salmon, but increased as a result
of lack of predatory pressure as the piscivores were overfished
or damaged by the sea lamprey. Further, the alewife may have,
caused a decline in the abundance, of some planktivores with which
it competes, e.g., slimy sculpin and the shiners.

The landlocked alewife population is usually considered a nuisance
species because of its annual die-'off. The resultant masses
of decomposing carcasses litter the shoreline and reduces its
recreational values for swimming and has the potential to clog
municipal and industrial water intakes. Significant expenditures
of time and money by State and local agencies and private citizens
are involved in removing the alewives from the beaches. The
annual die-offs normally occur during the spring-early summer
months and have been attributed to the inability of the cold
water acclimated population to tolerate the warmer shore zone
waters on their spawning migration (Graham, 1957).

The alewife represents a biological threat to indigenous lake
fish. populations because adult alewives feed principally on
zooplankton such as copepods, cladocerans, mysids, and ostracods
(Rhodes and McComish,, 1975). They are in direct competition for
these food items with resident forage species in Lake Ontario,
including emerald shiner'and slimy sculpin (Smith, 1973). At
present the impact of the alewife in Lake Ontario is not completely
understood, but its vast numbers and competition for food with



other species has probably had some affect on the fish community
structure. The alewife has been reported to be an important
food item in the diet of piscivorous fishes such as the lake
trout and freshwater burbot. Coho salmon, recently introduced
into Lake Michigan and Lake Ontario, eat large numbers of alewives
(Scott and Crossman, 1973), and may eventually reduce the size
of the alewife population. Other fish species including rainbow
trouty ciscop smallmouth bass, and perch are also known to feed
on alewives.

Rainbow smelt was first reported in Lake Ontario in 1931 (Mason,
1933) and the species now,.occurs in all areas of the lake to
a depth of 46m (Christie, 1974). The abundance of smelt in Lake
Ontario strongly suggests,its impact on resident species. The
diet of smelt, with the young feeding on invertebrates and the
adults on invertebrates and other fish, places them in competition
with other species at the younger stage of development and makes them
serious predatory threat to less abundant species as adults (Christie,
1974). Smelt in the, Great Lakes today are the subject of an
extensive commercial fishery.

The white perch, a relative newcomer to Lake Ontario, is now
resident throughout the Great Lakes. It gained access to Lake Ontario
presumably via the Oswego River, from Hudson River populations
moving northward and westward through the Mohawk River and Erie
Barge Canal (Scott and Christie, 1963). White perch thrive in
a variety of habitats, but the growth rate varies widely and
is dependent on the region and on the environmental situation
of the population under study. Scott and Crossman (1973) state
that "old landlocked populations in small oligotrophic lakes
in the-Atlantic coastal region will possibly have a slower rate
of growth than newly expanding populations, such as those in
Lake Ontario."

The species appears well suited for a predaceous life (Scott
and Crossman, 1973). As young, they eat microzooplankton; as
the fish grow, aquatic insect larvae become important in their
diet. Adults reportedly consume a high percentage of fish eggs
and fishes including yellow perch, smelt, johnny darters, and
other white perch (Cooper, 1941; Leach, 1962). The food preference
of the white perch at each stage of development is similar to



the yellow perch, both populations also have similar habitat
preferences (Scott and Crossman, 1973). The similar food and
habitat preferences brings white perch into competition with the
resident yellow perch. The wPite perch is generally regarded
as an excellent pan fish, but in areas overpopulated by the
species they seldom attain a size large enough to attract anglers.
They are fished commercially in the Chesapeke Bay region and
in the Bay of inte region of Lake Ontario, where their successful
competition with game fishes for available food could be a serious
problem. Mansueti (1961) in a comprehensive study of the white
perch in the Patuxent River estuary in Maryland indicated that
the population tends to be unstable due to the multiple spawnings
over several years by adults, the tendency to overpopulate in
closed systems, and the competition for food with resident species.

The gizzard shad is another (probable) introduced species in Lake
Ontario (Miller, 1956), which appears to be increasing in abun-
dance. Young gizzard shad are reported to be forage fish for sev-
eral piscivorous species; however, their rapid growth makes them
too large for most predatory fish by age two (Bodola, 1966).
Miller (1960) points to the rapid growth of gizzard shad, especially
in shallow warm water areas, having high productivity as a problem
to resident populations; because of intensive competition, and
loss of energy to higher trophic levels. Feeding preference
studies on the gizzard shad indicate that young individuals feed
on zooplankton, and adults after development of the gizzard and
gill rakers consume phytoplankton (Cramer and Marzolf, 1970).
The feeding preference of the gizzard shad brings them into competi-
tion with certain resident forage species such as the emerald
shiner.

Like the alewife the gizzard shad undergoes massive mortalities
in the Great Lakes which create problems along the shores. Miller
(1956) noted that the peak gizzard shad abundance in Lake Erie
was in the fall and that the species was particularily attracted
to industrial thermal discharges. Gammon (1971) observed gizzard
shad in a thermal plume with a temperature up to 34'C (93.2'F).
Sampling conducted at Nine Mile Point during 1974 suggest that
gizzard shad are located in the warmer water areas during the
colder. months. No die-offs of gizzard shad have been observed
to date during plant shut-downs.



D. LIFE CYCLE ACTIVITY OF SELECTED SPECIES .IN THE STUDY AREA

1. Introduction
W

One category of evidence for consideration in a demonstration of
no prior,appreciable harm is completion of life cycles in the area
influenced by the thermal discharge. On August ll, 1975, the EPA
transmitted a list of representative important species to be given
consideration in the Nine Mile Point demonstration. The life cycles
of these species are described in Chapter V; site specific data for
these species are presented in this section. Where available, infor-
mation on time of spawning, fecundity, egg and larvae abundance
and distribution and abundance from 1969 to 1974 is cited.

E

Information on reproduction illustrates whether or not the repre-
sentative important species are completing their life cycles in the
plume area in a manner similar to the manner in other natural areas.
Feeding studies indicate trophic relationships of the species and

- potential problem areas through competition. Studies of growth eval-
uate temporal development of the species relating morphological char-
acteristics to environmental conditions. Distribution among years
(1969-1974), presence in 1974 of various age classes,and distribution
among transects'n the vicinity of Nirie Mile Point help to,determine
potential impact of the operation of Nine Mile Point Unit 1 on the
aquatic community.,

The time of spawning was determined by examining the coefficient
of maturity data for males and females collected in the vicinity
of Nine Mile Point during 1974 (see LMS, 1975 for further detail).
The abundance and distribution of eggs and larvae of fish is derived
from sampling conducted at the surface, mid-depth, and bottom at
three radii, 1/2, 1, and 3 miles east and west of the discharge during
1973 and 1974. Recruitment data were obtained from plotting length
versus frequency of capture by month for fish collected with trawls
and gill nets. Feeding data were gathered by examining the stomach
contents of individuals captured during four hour intervals with
gill nets throughout 1974. Growth data were calculated from the
analysis of scales annuli and lengths of the fishes (see LMS, 1975
for further detail). The abundance of organisms from 1969 to 1974
were obtained through the analysis of data collected by Storr (1969
a,b,c, 1970 a,b,c,d, 1971 a,b,c,d, 1972 a,b,c,d), ELM (1974), and
LMS (1975).

Storr collected fish with gill nets along two transects. One transect
was located consistently lakeward from Nine Mile 1 (Storr's E

transect) which corresponds to the LMS (1975) transect labelled NMPP

(Figure VI-1). Storr's other sampling transect was changed periodically
but was either E or E . Transect E was located approximately
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1000 ft west of E which is lakeward from the FitzPatrick plant.
Transect E is equivalent to LMS's FITZ transect. Analyses presented
in Chapter III revealed that the 2'C i'sotherm extended 1875 ft west
and east of the discharge 30% of the time. Transect E is located
east of this area and transect E4 (FITZ) east of E3 (F1gure VI-l).
Therefore, catch/effort data from El and NMPP were considered to
represent sampling from the same area and within the discharge zone,
whereas the data from either E3 or E4 and FITZ were considered
to represent sampling from the area outside of the discharge zone.
Only data from gill nets located in the same water depth were used.

During 1974 sampling was conducted along four'ransects (NMPW, NMPP,
FITZ, and NMPE). For spatial comparisons among these transects,
catch per 12 hours for gill nets, were calculated separately for
each depth contour (i.e., 15, 30, 40, and 60 ft), for the surface
and bottom, for day and night, and for each transect.

The catch per 24 hr data calculated from Storr's and LMS's work were
compared with a two way analysis of variance (ANOVA). The analysis of
variance is a procedure used to test statistical hypotheses concerning
linear combinations of the means of several populations. The total vari-
ation 'in a set of data is partitioned into components associated with
possible sources of variability. Then the relative importance„of the
different sources is assessed by F-tests between each component of variation
and the "error" variation (Elliott, 1971). ANOVA's were conducted on
five species (i.e., alewife, rainbow smelt, white perch, yellow perch,
and smallmouth bass) which were collected frequently enough to warrant
statistical analysis. The test compared the numbers per 24 hrs among
years and between the transects .(NMPP and FITZ). The fishery statistics
and life history data are reported for each species in order to demonstrate
the successful completion of the organism's life cycle.

0
In addition, benthic samples collected from comparable depths among
the years 1969-1974 were evaluated, for the abundance of the amphipod,
Gammarus facsiatus and'biomass for Cladophora glomerata. Data from
all transects sampled on a seasonal cycle was pooled as to those
transects affected by the thermal plume and those not located in
the area of influence.

2. Alewife

a. Reproduction

The times,and related water temperatures observed during the
annual spring spawning of landlocked freshwater alewife populations
have been noted by several investigators. The average surface
temperature was 20.6'C (69.1'F) while the average bottom tempera-
ture was 16.8'C (62.2'F) for freshwater alewife populations in Maine,
13'-21'C (55.4-69.8'F) (Rounsefell and Springer, 1945), Wisconsin,
13'-16'C (55.4-60.8'F) (Threinen, 1958), and New Jersey, 17'-19'C
(62.6-66.2'F) (Gross, 1959).



Spawning time of alewives was determined by examining the coeffi-
cient of maturity data for 825 males and 873 females collected
in the vicinity of Nine Mile Point from April through November,
1974 (Table VI-2). Peak spawning occured during the first two
weeks of July, a time when the surface water temperature ranged
from 13.5'o 22.0'C (56.3'-71.6'F).

Examination of alewife ovaries collected near the spawning peak
revealed eggs at two distinct stages of development, distri-
buted homogeneously throughout the ovary. Smaller, white eggs
ranged in size from 0.2 to 0.4mm with an average diameter of
0.3mm, larger, yolk-laden eggs which were those most likely
to be spawned during the short spawning season varied from 0.5
to 0.8mm with an average diameter of 0.56mm.

Total egg counts for fish in'he '1974 study ranged from 8,981 to
50,274 eggs with a mean of 31,613 eggs. In 1973 (QLM, 1974),
the total egg counts for ll alewives from the Nine Mile Point
vicinity of Lake On'tario ranged from 25,797 to 67,739 eggs,
with a mean of 46,821 eggs. A range in total egg production
of 11,147 to 22,407 eggs per female was reported for alewives
of similar size in Lake Michigan (Norden, 1967). Since only
mature eggs are spawned during a season, total egg count may
overestimate the actual fecundity of freshwater alewives.

Bigelow and Schroeder (1953) and Kissil (1969) report that spawning
groups of anadromous alewives usually contain more males than
females. A possible explanation for the difference in abundance
between the sexes is, as suggested by Pritchard (1929), that
females live longer than males and therefore over time a predomin-
ance of females should be expected.

For the nine-month sampling period in the Nine Mile Point vicinity
(1974), more female alewives were collected by gill nets and
trawls than males (LMS, 1975); the males constituted 22.69% and
females, 77.31%. The dominance of females in the lake collections
was also observed in 1973 (QLM, 1974) with 9.8% males and 90.2%
females. If the Nine Mile Point vicinity were a major spawning
ground, it would have been expected that more males would be
caught than females. One possible conclusion based on the preponder-
ance of females in the samples is that the Nine Mile Point vicinity
is not a spawning area for alewives.

Graham (1956) noted that peak spawning activity for alewives
in the Bay of Quinte, on the north shore of eastern Lake Ontario
was near the end of July. Larvae were observed to remain in
the shallow shore zone at least until late larval stages had
been reached during the early fall period. Wells (1968) studies
alewife distribution in Lake Michigan and found the greatest



TABLE VI-2

COEFFICIENT OF MATURITY VALUES SAMPLE SIZE
AND COLLECTION DATES'FOR ALEWIVES

NINE MILE POINT — 1974

Collection
Date

MALES
. Sample 'Coefficient of

Size Maturit

FEMALES
Sample Coefficient of
Size Maturit

11-19 Apr
23-24 Apr
6-8 May

19-23 May
3-9 Jun

17-21 Jun
9-11 Jul

23-27 Jul
I-9 Aug

20-22 Aug
9-12'ep

23-25 Sep
8-11 Oct

24-28 Oct
7-9 Nov

19-20 Nov
6-7 Dec

104
101

44
95

106
50
50
50—
25
25 .

25
25
25
25
25
25
25

1.18
1.35
1:68
2.'9
4. 50
-5.Q2
'&s48
2.45
0.62
0.66
0.69
0.60
0.65
0.. 94
0. 88.
0.86
1.08

104
104

73
111
106

50
50
50

'5

25'5
25
25
25
25
25
25

2. 66
3.08
3. 36
3. 78
6.43
8.73

12.12
5.54
1.92
1.49
1.66
2.33
1.65
1.68
1.93
1.98
2.22

825 Total 873

Coefficient of maturity = gonad wei ht
x 100fish body weight — gonad weight



concentration located near the. surface gradually assuming a mid-
depth to bottom preference with= increased age.

Alewife eggs were first observed in samples collected at Nine
Mile Point on 19-20 June, and peak egg abundance was found during
the second and third week of July, 1974 (Figure VI-2). This
corresponds very closely to the observed time of spawning reported
by Graham (1956). As expected, egg concentrations were higher
in bottom samples since the alewife has demersal eggs which are
broadcast at random (Mansueti and Hardy, 1967). The greatest
concentration of alewife eggs was at the 20 ft depth contour
stations in the immediate vicinity of Nine Mile Point Unit 1,
and the lowest numbers were observed at the 3 mile east transect
and at the deeper depth contour stations north of the point.

Alewife larvae were present in ichthyoplankton samples from the
end of June through the middle of September, 1974. Peak abundance
in the area around Nine Mi;le Point occured during the last week
in July and the first week of August. Length frequency information
(LMS, 1975) suggests that the larvae averaged 10.8mm during the
period of peak abundance reaching the level of juvenile before
emigrating from the Nine Mile Point area in September. Collections
made at Nine Mile Point had significantly greater numbers of
larvae in surface samples compared to bottom samples confirming
the preference of the larvae for surfaces waters. Presence of
larvae in samples from the end of June onward points to the pro-
longed spawning period by alewives in Lake Ontario and the small
early July larval peak may be the result of a separate spawning
in the area around Nine Mile Point.

A fairly uniform distributional pattern for alewife larvae was
observed in the area of Nine Mile Point with the exceptions being
the stations 0.5 miles to the west of the plant and the 100 ft
deep water station. At these stations, significantly fewer larvae
were collected compared to the other stations.

The analysis of the length frequency distribution of fish popula-
tions gives insight into individual growth rates throughout the
year, the presence of fish of different sizes (ages) within the
area, i.e., recruitment, and a graphic comparison of the relative
abundance of young fish to older fish. Figure VI-3 shows the
length frequency distribution on a monthly basis for alewives.
In April, the population within the vicinity of Nine Mile Point
consisted mainly of adults between 15 and 19 cm in length. By
May, a few yearling fish (age group I) began to appear, indicating
the start of their inshore migration to feeding grounds. This
trend continued until August when the inshore population was
dominated by yearling fish between 9 and 12 cm long.
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b. Feeding

Information on the feeding habits of alewives in the vicinity
of Nine Mile Point is not currently available. Norden (1968)
found a definite food preference by larval alewives in Lake Michi-
gan for cladocerans and copepods with incidental occurrences
of diatoms" and plant material. Adult alewives from Lake Michigan
fed primarily on copepods and cladocerans similar to the larvae
(Rhodes and McComishp 1975); however, during the summer dipteran
larvae were a preferred item and the deepwater amphipod, Ponto-
poreia affinis, was heavily utilized during the early fall. Wells
~1970 noted heavy feeding pressure on Leptodora kindtii which
is one of the predominant macrozooplankters in the vicinity of
Nine Mile 'Point. All of the food items reported for larval and
adult alewives are abundant in the Nine Mile Point area (LMS,
1975).

c. Growth

The growth of alewives at Nine Mile Point was evaluated using
two criteria, time of annulus formation and rate of body growth.
Norden (1967) reported that in Lake Michigan 15% of alewives
formed their annulus during June and the remainder during July.
These results are similar to the time of annulus formation at
Nine Mile Point. Annulus formation was reported in 36% of the
alewives captured during June, 43% during July, and 100% during
August (LMS, 1975).

Growth curves (calculated from the summation of the grand average
annual increments of length) for both male and female alewives
assumed approximatly the same form; however, females were larger
after the second and subsequent years of life (Figure VI-4).
Alewives displayed rapid growth during the first two years of
life. After the first and second years of life, alewives were
43% and 67%, respectively, of the length attained after six years
of growth. Growth declined rapidly during the second and third
years of life, and generally continued to decline through age
S1X ~

T-tests (p = 0.05) on the differences between the grand average
calculated lengths of male and female alewives for each year
of life revealed that female alewives were significantly larger
than males at age three and four (LMS, 1975). No significant
differences were exhibited at ages one, two, five, or six.

The calculated growth of male and female alewives was
age class (i.e., year spawned) so that differences or
among age classes could be observed (Figures VI-5 and
graphs show (where comparisons are possible) that for

plotted by
similarities
VI-6). These
fish spawned
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from 1969 to 1973 growth was similar for age I, II, III, and IV.
However, it appears that fish spawned in 1968 grew faster from age
III to VI. This phenomena may be attributed to the small sample size
or the fact'hat only larger, faster growing individuals survive for
6 years and are then available for capture. art ~ 6n fagd 4 ~g ~6k
Total alewife biomass and average'biomass per fish were compared
on a monthly basis among transects for the 1974 collections using
gill net data (LMS, 1975). No observable pattern or difference
among transects was observed in either the total biomass or average
fish biomass. Similarity of biomass distribution patterns suggests
even distribution of comparable size (life stage) organisms in
the Nine Mile Point vicinity.

d. Abundance 1969-1974

:The average number of fish collected per 24 hr from 1969 to 1974
is presented in Figure VI-7. This plot shows that the 'alewife
abundance during the spawning migration has increased 13 fold
from 1972 to 1974. Christie (1974) reports that in Lake Ontario
the alewife has shown 2 to 3 year oscillations resulting in 10-fold
changes in the abundance of individuals during spawning. Similar
cyclic changes have been reported from other lake populations
(Smith, 1970; Rothschild, 1966, Lackey„, 1970). The two way ANOVA .

verified these observations (Table VI-3). That is, there were signifi-
cantly more alewife collected during 1973 and 1974 than during
any other year. In addition, during 1972 the fewest number of
alewives were collected. There were no significant differences

,
between the NMPP and FITZ transects for this data set.

e. Distribution-1974

A three-way analysis of variance (ANOVA) comparing the gill net
catch per unit effort by sample depth among three seasons (spring
— April, May, June; summer — July, August, September; and fall
— October, November and December) and,four sampling transects
(Figure VI-1) revealed that alewives were more abundant in the
evening hours and during the spring and summer periods than during
the fall (LMS, 1975). This trend agrees with previously published
observations that alewives return to the deeper water of Lake
Ontario following spawning activity (Graham, 1956; Scott and
Crossman, 1973).

For surface gill net collections there was no difference in the
distribution of fish among the transects. However, bottom gill
net collections yielded significantly more alewives from the
FITZ transect than from the other three transects, in contrast
to the long-term, 1969-1974, transect comparison noted above
wherein no significant difference was noted.

VI-20
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TABLE VI-3
~ ~

TWO-WAY ANALYSIS OF VARIANCE COMPARING THE CATCH/EFFORT OF ALEWIVES
BETWEEN THE NMPP AND FITZ TRANSECTS

NINE MILE POINT - 1969-1974

SOURCE
Degree of
Freedom
(Error)

Sum of
Squares
(Error)

Mean of
Squares F-Test

BETWEEN STRATA

ITHIN STRATA

TOTAL

10

48

58

17. 0257

12. 7863

29. 8120

1.7026 6.392 (9<.0005)

0.2664

STUDENT-NEUMAN-KEULS TEST - DATES ( a~ .05)

Largest: F"74 P"74 P-73 F-73 1969 F-70 P-70 F-71 P-71 F"72 P-72: Smallest

F = FITZ transect P ~ NMPP transect
2Bartlett's test for homoscedasticity:X >p

" 10.074 (P>.25)

* Transformation is log (catch/effort)

Underlined segments resulting from the Student-Neuman-Kuels Test are
statistically similar. Line breaks denote significant differences.



Two-way analyses of variance were run separately for the day
and night gill net collections to compare the distribution of
fish among sampling seasons and depths (surface and bottom) so
that differences in the diurnal behavior of the fish could be
identified. There was no significant interaction between the
two variables during the daylight hours; there were, however,
significantly more fish collected from the bottom than from the
surface during daylight hours. Conversely; at night more fish
were collected at the surface than at the bottom, and there was
a significant interaction between sample depth and season during
the night. This may be correlated with the night spawning activity
of alewives in shallow waters.

f. Conclusion

The data presented above for alewives can be summarized as follows:

— Spawning occurs within the natural time period and temperature
range observed for'ther freshwater populations.

— Females are as fecund as females from other areas in Lake Ontario
and other lakes.

— Eggs and larvae of alewife dominate in the area indicating
successful spawning; however, sex ratio data suggests that
the Nine Mile Point Area may not be a preferred or major spawning
area.

— Recruitment of younger fish into the fishery is demonstrated
by their contribution of 50% of the September and October captures.

— Growth is typical for the species and has not changed significantly
over the past six years.

— Alewife abundance has increased at Nine Mile Point from 1972
to 1974 probably in response to the two or three year abundance
oscillations noted for landlocked alewife populations in Lake
Ontario.

— The NMPP transect has not been a focal point for alewife concen-
tration, nor has it been avoided over the 1969 to 1974 period.

3. Rainbow smelt

a. Reproduction

Rainbow smelt spawning occurred during April as determined by
examining the coefficient of maturity data for 688 males and



1,056 females collected in the vicinity of Nine Mile Point from''
January through December 1974. There is evidence to suggest
that rainbow smelt may use the Nine Mile Point vicinity as a
spawning ground because trawl collections in this area in April
contained mature ripe females representative of a spawning population.

A listing of fecundity data from some other investigations per-
formed on rainbow smelt in the Great Lakes follows:

Reference Location
Size of
Females

Numb'er of Mean 8 of Eggs
Females Per Female

Bailey (1964)
Baldwin (1950)
Van Oosten'1940)
LMS (1975)

Lake Superior
Lake Huron
Lake Michigan
Lake Ontario

188 - 224 mm

140 — 224 mm

185 — 196
mm'38

— 213 mm

10
5

24

31,338
20,500
25,000
17,002

The fecundity of rainbow smelt in the Nine Mile Point vicinity
varied with fish length from a total of 6,212 eggs to 29,050
eggs, with a mean of 17,002'ggs. When allowance is made for
the size of the fish, the estimates of Baldwin (1950) and Van
Oosten (1940) are most nearly comparable to those of this study.

Bailey (1964) reported that rainbow smelt egg diameters in,Lake
Superior ranged from 0.79 to=0.99 mm with a mean of 0.86 mm.
For the 24 sexually mature female smelt examined, ovaries contained
eggs ranging in diameter from 0.4 to 1.1 mm with a mean diameter
of 0.7 mm.

The ratio of male to females is one indication of spawning activity.
MacCullen and Regier (1970) found that males predominated in
spawning areas during both the early and late parts of the spawning
season. Of 5,542 rainbow smelt collected by trawls and gill
nets from April to December 1974 (LMS, 1975), 50.3% were males
and 49.7% were females; most were collected in April and May.
During the remainder of the year (June-December), females predom-
inated in the collections with 73 males and 410 females.

Adult rainbow smelt normally migrate from deeper offshore waters
to the near shore area in late winter/early spring in preparation
for spawning in tributary streams and along the lake's shore
(Scott and Crossman, 1973). At Nine Mile Point in 1974 rainbow
smelt eggs were collected from 25 April through 22 May with the
peak period occurring on 22 May (Figure VI-8). The small numbers
of smelt eggs collected in 1974 were distributed evenly over
the Nine Mile Point area.

Rainbow smelt larvae were collected from 22 May to 25 July with
the greatest concentration occurring in samples from 19-20 June
(Figure VI-8). More larvae were collected at night corresponding

VI-22
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to the nocturnal activity of the species (Scott and Crossman,
1973) . Generally, the shallower stations (20 ft depth contour)
experienced the greatest abundance'f rainbow smelt larvae during
the spring with the average larval abundance decreasing with
distance from shore. As the larvae matured the deeper water
stations became the preferred depth contour corresponding to
the offshore migratory pattern observed for the species (Wells,
1968) .

Larval growth based on length frequency data suggest a period
of rapid growth in the Nine Mile Point vicinity. Larvae on 22
May averaged 5.2mm; during the peak abundance period on 19-20
June they averaged 9.3 mm, and growth had proceeded to approximately
20 mm by the end of July.

The length-frequency distribution plotted for adult rainbow smelt
collected with trawls and gill nets is illustrated in Figure
VI-9. These data show that the majority of smelt present within
the Nine Mile Point vicinit'y are between 14 and 17 cm long and
hence most are probably in age group III and older. As was noted
earlier (ELM, 1974), these fish presumably represent migrants
on the way to spawning grounds. This figure also demonstrates
that several year classes are present and that recruitment of
younger fish into the adult fishery is occurring.

The biomass data for rainbow smelt indicates a trend toward an
increase in the average weight per individual from April to June
with the decrease noted in the average fish weight caught during
July indicative of young fish. recruitment. The time of recruitment
corresponds to the length frequency data discussed above. No
observable trend was noted in either total biomass or average
fish biomass among transects on a monthly basis.

b. Feeding

Rainbow smelt are reported by Christie (],974) to feed on inverte-
brates when they are small changing to a piscivorous diet as
they mature. Burbidge (1969) reported a seasonally varying diet
with the dominant food item corresponding to the most abundant
invertebrate suggesting an opportunistic feeding pattern. O'Gorman
(1974) reported a definite predation by rainbow smelt in thefall on young alewives when both populations are located in the
deeper water off shore; however, Burbidge (1969) only observed
the remains of young smelt in the stomachs of larger rainbow
smelt. The most common invertebrate organisms observed in smelt
stomachs were dipterans, primarily Chaoborus, copepods, and clado-
cerans, all of which are abundant in the Nine Mile Point area.

VI-23
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Presently feeding habits of smelt in the Nine Mile Point Area
is not available, though abundance of preferred food items would
not be restrictive to smelt growth and development.

l

c. Growth

Bailey (1964) reported the completion of annulus formation for
Lake Superior smelt between mid-June and 24 August. Annulus
formation occurred earlier in sexually immature fish compared
to sexually mature individuals'.

Monitoring of rainbow smelt annulus formation in the vicinity
of Nine Mile Point began in mid-April 1974, and the time of form-
ation was determined for 307 male and female rainbow smelt.
Fourteen percent of the smelt collected during April, and 12%
collected during May, had formed their annulus. Peak annulus
formation (72%), based on a significant sample size, occurred
during June; all smelt sampled after June had formed their annulus.
In 1973, peak annulus formation of smelt in the Nine Mile Point
vicinity also occurred during June (89%) and was complete by
August (QLM, 1974). This is earlier than the time found by Bailey
(1964) for the colder Lake Superior.

McKenzie (1958) reported that female smelt in the Miramichi River,
New Brunswick, Canada were larger than males-after the second
year of growth Bailey (1964) reported that age three and older
female smelt in Lake Superior were larger than males. Burbidge
(1969) found that female smelt in Lake Michigan attained a greater
mean length than males after, the second year of life, but that
the female size advantage was significant only for the fourth
year of life. The more rapid growth of female smelt was also
reported by Van Oosten (1947) in Green'ay, Lake Michigan by
Baldwin (1950) in South Bay, Lake Huron; 'and by Hale (1960) in
western Lake Superior.

The growth curves (calculated from the summation of the grand
average annual increments of length) for both male and female
smelt (Figure VI-10) had the same form, although females appeared
larger after the first year of life (LMS, 1975). A t-test (p
= 0.5) on the differences between the grand average calculated
lengths of male and,female smelt for each year of life revealed
that females were significantly larger than males at age two
and older.

The growth by each age class for males and females is plotted
as a function of age in Figures VI-ll and VI-12. These figures
show that growth has been uniform over the past six years. The
absence of 1973 year class is because the gill nets do not collect
small rainbow smelt.

VI-24
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d. Abundance 1969 -1974

The catch per 24 hr of rainbow smelt from 1969 to 1974 is presented
in Figure VI-13. Yearly peaks of abundance are present and
correspond to the time of the spawning migration of the species.
Statistical analyses show that there were no significant differences
between the transects or among the years (Table VI-4).

,e. Distribution — 1974

A two-way analysis of variance (ANOVA)'n the day gill net catch
per effort for rainbow smelt, (LMS, 1975), comparing the distribu-
tion by sampling depth (bottom and surface) and among the three
seasons (spring, summer, and fall), revealed that more fish
were collected from the bottom than from the surface', and that

.more were collected during the spring than during either the
summer or fall months. A similar ANOVA for the night collections
revealed that more fish were collected from the surface, and
more in the spring than dur'ing the other seasons. Since rainbow
smelt diurnal distribution differed between sampling depth,
these parameters were treated independently in the analysis
of distributional differences among transects. A three-way
ANOVA was performed on the distribution of smelt among seasons,
between day and night, and among the four sampling transects
(LMS, 1975). These tests showed that there were no significant
differences in the distribution of rainbow smelt among the four
sampling transects during 1974.

0
f. Conclusion

The data presented above on rainbow smelt can be summarized as follows:

— Spawning occurs during the natural period for the species (May);
however, sex ratio data was inconclusive as to preference for
the area around Nine Mile Point.

Females are as fecund as females of other populations.

Collection of eggs and larvae near Nine Mile Point in-
dicate successful reproduction during 1973 and 1)74.

Growth of rainbow smelt over the last six years appears to
be uniform and as expected for the species.

— There were no significant differences in the catch/effort of
rainbow smelt from 1969 to 1974 or between the NMPP and FITZ
transects.
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TABLE VI-4

TWO-WAY ANALYSIS OF VARIANCE COMPARING THE CATCH/EFFORT OF RAINBOW SMELT
BY GILL NETS BETWEEN THE NMPP AND FITZ TRANSECTS*

NINE MILE POINT - 1969-1974

1

SOURCE
Degree of Sum of
Freedom Squares
(Error) (Error)

Mean of
Squares F-Test

BETWEEN STRATA

WITHIN STRATA

TOTAL

10

48

58

0.5317

9.0599

9.5916

0.0532

0.1888

0.282 (P>0.5)

Bartlett's Test for homoscedasticitv:
X 1<

= 17.896 (P>0.5)

* Transformation is log (1+ catch/effort)

.



'hite Perch

a. Reproduction

Sheri and Power (1968) reported that white perch in the Bay of
Quinte, Lake Ontario commenced spawning in mid-May and that
spawning extended to the end of June, a period when water tempera-
tures were in the range„of 11'o 15'C (51.8'-59'F). The estimated
fecundity of white perch in the Bay of Quinte ranged from 5,210
eggs for an age group I fish to 247,681 eggs for an age group
VIII fish, with an average of 65,360 eggs. In their, fecundity
analysis Sheri and Power (1968) observed three distinct egg sizes
within the ovary and counted only the largest size. Mansueti
(1961), noting that only a portion of the total number of eggs
in an ovary of an individual are released at one time, suggested
that the eggs ripen progressively and are released during two
or three spawning acts over a period of two weeks. Taub (1969)
estimated the mean total egg production for 10 white perch ranging
in length from 265-'302 mm in Quabbin Reservoir, Massachusetts
at 271,000 eggs.

The spawning time was determined by examining the coefficient
of maturity data for 408 male and 429 female white perch collected
from April through November in 1974 (LMS 1975). These data showed
that maturation of the gonads occured"in late May; the first
white perch larvae were collected on 22 May 1974. The water
'temperature at this time varied from 5.5'o 13.0'C (41.9'-55.4'F),
averaging 10.8'C (51.4'F) on the surface and 7.2'C (45.0'F) on
the bottom. The time of spawning in the vicinity of Nine Mile
Point and Bay of Quinte by white perch populations were observed
to be similar.

QLM (1974) estimated the mean total egg production of 32 white
perch collected in 1973 ranging in length from 118-298mm at 159,881
eggs. The mean total egg production, for white perch from the
Nine Mile Point 1974 study for 34 fish ranging in length from
192-250mm was 161,530 eggs while 5 larger fish ranging from 266-325mm
had a mean total egg production of 308,530 eggs. These fecundity
estimates, based on specific length intervals, are in close agreement
with those reported by QLM (1974) and Taub (1969). The reproductive
potential of white perch appears to be variable among populations
from different bodies of water.

There was no annual difference between the percentages of male
and female fish collected inshore from April through December
(LMS, 1975); however, there was a monthly difference observed.
Hildebrand and Schroeder (1928) reported a preponderance of males
on the spawning grounds during May in Chesapeake Bay. Based

VI-26



on sex ratios, it appears that white perch spawned in the Nine
Mile Point" vicinity in 1974, and that the spawning activity reached
a peak in June, when 249 males.wee collected and only 114 females.
This observation is in agreement with the May peak in gonad matura-
tion and the collection of larval white perch on 22 May.

h

Observations on white perch in the Bay of Quinte found spawning
extending from mid-May through June (Sheri and Power, 1968).
White perch eggs were collected on two sampling dates in 1974
encompassing the end'of the month of May (Figure VI-14). Collec-
tion of white perch larvae during the end of May suggests that
spawning occur'ed at an earlier date than represented by the 1974
egg samples, probably at an area other than Nine Mile Point..

Larvae of the white perch were present in the vicinity of Nine
Mile Point from the end of May through the middle of July. Spawn-

, ing by adults usually covers several weeks (Scott and Crossman,
1973) and results in a comparatively stable larval population
around Nine Mile Point through the months of June and July.
Decreased larval abundance on 2 July (Figure VI-14) results from
daylight samples being collected on that date only. Adjacent
dates have nocturnal samples which encompass the period of greatest
white perch activity (Sheri and Power, 1969) resulting in greater
abundance compared to the 2 July date. The observed rapid growth
of white perch in Lake Ontario (Sheri and Power, 1968) would
enable the young to avoid the larval sampling. devices by the
middle of July as was observed. The small number of larvae col-
lected does not permit an'evaluation of the distributional pattern
in the study area.

The length frequency distributions of adult white perch are pre-
sented in Figure VI-15. Dur'ing April the catch was made up of
fish in age class III or IV and yearlings (estimated from total
length), with a small percentage of age class II individuals.
In May most of the fish were mature adults of age class III to
VI, and presumably represented the spawning population. The
same trend continued until October when the main portion of fish
were age class I and II. The young-of-the-year are not observed
on these graphs because the seine data were not included in these
analyses.

The younger, sexually immature fish did not appear in the vicinity
of Nine Mile Point until October and November. These groups
of fish were probably feeding aggregations, and were collected
from only the FITZ transect. Figure VI-15 illustrates the recruit-
ment of young fish into the adult population.
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Biomass information for total white perch and average weight
per fish were evaluated by month for each transect in 1974 (LMS,

1975). The main period of young fish recruitment observed in
October was most evident at the FITZ transect. The period corres-
ponding to secondary recruitment noted, in April was observed
primarily at NMPE with FITZ showing an older population. There
wa's no observable biomass distribution pattern among transects
at Nine Mile Point except during the period of recruitment.

b. Feeding

The diet of the white perch has been observed to change with
season and growth of the fish. Young white perch feed on crust-
aceans and insects while the older,, larger fish exhibit a pisci-
vorous diet feeding on fish species including yellow perch, rainbow
smelt, johnny darters, and other white perch (Cosper, 1941; Leach,
1962). Work conducted on feeding patterns of white perch in
the vicinity of Nine Mile Point found a larger variety of food
items consumed during the spring by small white perch (< 21.0cm)
than the fall; fish eggs were the predominant diet in the spring,
and amphipods were the dominant food item in the stomachs analyzed
during the fall. Stomachs of white perch larger than 21.lcm
in total length contained primarily fish (alewives identified)
during both seasons (Williams and Miller, 1973; LMS, 1975).
All of the food items found to be preferred by white perch have
been found in abundance in the area of Nine Mile Point (LMS,
1975) ~

c. Growth

Annulus formation was reported by, Sheri and Power (1969) during
a 10-year study of white perch inhabiting the Bay of Quinte;
peak annulus formation occurred during July for five years, during
June for two years, and during August for two years.

The time of annulus formation was determined by examining the
scales from 375 white perch collected between April and October
1974 at Nine Mile Point (LMS, 1975). Annulus formation had occur-
red in 47% of the white perch captured during July and 99% during
August. During 1973, the majority of white perch at Nine Mile
Point 'had formed their annulus by September, with the greatest
percentage also observed during August (QLM, 1974) ~

The time of annulus formation must be determined in order to
compute the age of a fish (QLM, 1974). Because this time is
species-specific and influenced by environmental conditions,
it may provide insight into differential growth rates by delin-
eating the start and length of the growing season. The agreement
among the data presented herein and previously published reports
(as cited above) indicate that the beginning and termination
of the growing seasons are similar among white perch populations.

VI-28



'

I'he

growth curves (calculated from the summation- of the grand
average annual increments of length) for both male and female
white perch (Figure VI-16) had approximately the same form; how-
ever, females appeared larger after the second and subsequent
years of life. Differences between the grand average calculated
lengths of'ale and female white perch were determined with t-tests
for each year of life (LMS, 1975). These tests also confirmed
that females were significantly larger (p(0.05) than males after
the second year of life. The faster growth of female white perch
has been reported in Lake Ontario (QLM, 1974), -and throughout
the range of the species (Mansueti, 1961; Miller, 1963; Wallace,
1971; St. Pierre and Davis, 1972).

The calculated growth of male white perch for twelve age classes
and for ten age classes of females are presented in Figures VI-17
and VI-18 The growth of females appears uniform for age class
I. An increase is apparent for the female fish spawned in 1964 but
this is most likely due to the fact that only the larger, faster
growing individuals surviv'e to age ten. Growth appears uniform
for the other year classes with the exception of 1965 and 1966,
but the sample size is too small to draw any definitive conclu-
sions. Of particular significance is that growth from 1968 to
1974 for ages I and II is similar and that plant operation began
in the fall of 1969 't can therefore be concluded that the
operation of Nine Mile Point Unit 1 has not affected the growth
rate of white perch. The first year growth of Nine Mile Point
white perch is comparable to that of other fast growing populations;
however, perch from this area appear to grow faster during the
second through eighth year of life compared to fish from all
other populations, with the exception of the Connecticut River
whi'te perch. Growth after age five appears to slow down and
is intermediate when compared to that of other populations, (LMS,
1975). Nine Mile Point white perch appear to grow faster than
white perch in the Bay of Quinte for ages two through six, whereas
white perch from the Bay of Quinte appear to grow more rapidly
after the eighth year of life; however, small sample sizes in
these age groups make comparisons dubious.

d. Abundance 1969-1974

The white perch catch/effort data are presented in Figure VI-19
These data show that yearly peaks of abundance occur from June
to August with the greatest peaks occurring in July. The white
perch spawns from May through June so the July peak is not due
to inshore spawning activity. However, alewife are spawning
during this time period and white perch stomachs contain large
numbers 'of alewife"eggs during this time (LMS, 1975). It can
be speculated then that the appearance of July abundance peaks
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is due to the white perch moving inshore to prey upon alewife
eggs and larvae. Statistical analyses (Table VI-5) showed that
there were no significant differences in catch/effort from 1969
to 1974 or between the NMPP and FITZ transect.

e. Distribution 1974

A two-way ANOVA was conducted on day and night gill net data,
comparing white perch distribution between sampling depths and

among seasons (LMS, 1975). Throughout the year, during both
day and night sampling, more fish were collected in the bottom
gill nets than in the surface gill nets. For daytime collections,
there were no differences among seasons; however, more fish were
collected at night during the summer (July, August, September)
than during either the spring (April, May, June) or fall (October
and November). Sheri and Power (1969) found vertical diel movement
of white perch with concentrations of fish near the bottom during
the day, but near the surface at night; this was not observed
during the present study.

Because of significant differences in. white perch distribution
by sample depth and season in" the case of night collections,
depth was considered separately during the analyses of transect
differences. A three-way ANOVA was conducted on gill net data
from surface and bottom collections with the variables of day/night,
seasons, and transects (LMS, 1975). There were no significant
differences in the distribution of white perch among all the
transects based on surface collections; however, the abundance
at NMPE transect was greater than that reported from the west
transect for bottom collections. The largest bottom collection
was also made at NMPE transect, and the second greatest abundance
collected at the FITZ transect, with no significant difference
between NMPW and NMPP transects. These data indicate that white
perch are congregating neither in the thermally rich surface
water, nor in the immediate vicinity of the discharge from the
Nine Mile Point Nuclear Station.

f. Conclusions

The data presented above for white perch can be summarized as

follows:

White perch spawn in the vicinity of Nine Mile Point during
May and June which is similar to other populations of white
perch in Lake Ontario.

Females collected in 1974 were as fecund or more fecund than
white perch populations from other North American areas.



TABLE VI-5

TWO-WAY ANALYSIS OF VARIANCE COMPARING THE CATCH PER EFFORT
OF WHITE PERCH AMONG YEARS AND BETWEEN THE NMPP AND FITZ TRANSECTS*

SOURCE

BETWEEN STRATA

WITHIN STRATA

TOTAL

Degree of
Freedom
(Error)

10

48

58

Sum of
Squares
(Error)
1.3681

7.0341

8.4021

Mean of
Squares

0.1368

0.1465

F-Test

.93 >0,25

2

Bartlett's Test for homoscedasticity: " 10 ~ 7.389 ( >0.5)



Eggs and larvae were found during May and June in both 1973
and 1974 indicating successful spawning in the area.

Food items consumed were abundant in the Nine Mile area and
similar to those food items found in the stomach of other
populations.

Growth among year classes was abserved to be uniform and fol-
lowed normally observed trends.

No apparent discrepancies were found to exist in yearly abun-
dance patterns from 1969 to 1974.

No significant difference among the four sampling transects
at Nine Mile Point in the nearshore distribution of white
perch was found.

5. Yellow Perch

a. Reproduction

Muncy (1962) reported yellow perch movement to the spawning
grounds in the Severn River, Maryland from late February to early
March, a period when water temperatures were 3.98'-6.7'C (39'-44'F) ~

The time of spawning for yellow perch in the vicinity of Nine
Mile Point was determined by examining the coefficient of maturity
data for 351 males and 537 females collected from January through
December 1974 (LMS, 1975). These data reveal that peak spawning
occurred during the first two weeks in April. Water temperature
during this period was 0.7'-6..2'C (33.3'-43.2'F) with a mean
temperature of 3.3'C (37.9'F). This observation corresponds
very closely to that found by Muncy (1962)

Sheri and Power (1969) estimated the fecundity of yellow perch
in the Bay of Quinte, Lake Ontario at from 3,035 to 61,465 total
eggs for fish 131-257mm long. Muncy (1962) reported total egg
counts from 5,900 to 109,000 for yellow perch from 173 to 358mm

in length in the Severn River, Maryland. Mean egg production
for 20 fish ranging in size from 173-295mm was 17,940 eggs, while
mean egg production for five larger females (302-358mm) was 32,200
eggs (Muncy, 1962)

The ovaries of'he 18 sexually mature females (collected in the
vicinity of Nine Mile Point) examined contained eggs of one type
ranging in diameter from 0.6 to 1.5mm with a mean of 0.93mm.
The fecundity estimates, based on total egg counts, ranged from
4,840 eggs ( fish body length 150mm, weight 42.2g) to 50,000 eggs



(290mm length, 429.3g weight), with,a mean of. 25,,077 eggs (LMS,
1975).

When allowance is made for the size, of the females among the
studies the estimates from the different areas evaluated appear
to be comparable to those of yellow perch in the vicinity of
Nine Mile Point during 1974 (LMS, 1975).

Scott and Crossman (1973) and Muncy (1962) state that males arrive
on the spawning grounds before females and remain there longer;
the females leave immediately after spawning. Therefore, more
males will be found on the spawning grounds during the reproductive
season. However, the sex ratio was biased toward females in
the vicinity of Nine Mile Point during the spawning season for
yellow perch (April, May, June). This observation, in addition
to the fact that few larvae were collected 'from the area, indicates
that yellow perch probably did not use the Nine Mile Point vicinity
as a spawning ground (LMS, 1975). In addition, Storr (1973)
showed that 40% of the yellow perch tagged and released in the
Nine Mile Point vicinity moved eastward out of the area. The
majority were recaptured at North Sandy Pond, an area which has
been assumed to be the spawning grounds for the southern population
of yellow perch in Lake Ontario. A few strands of yellow perch
eggs were found by divers during the harvesting of buoy periphyton
collections near Nine Mile Point, indicating that at least one
fish spawned within the area.

Larvae of the yellow perch were collected sporadically during
1973 and 1974 in the vicinity of Nine Mile Point with'he initial
collection occurring'during the middle of May. .Very few larvae
were collected indicating very little use of the Nine Mile Point
area as a nursery ground by this species'.

The length-frequency data (Figure VI-20) indicate a trimodal
distribution of ages, including fish of age groups two through
eight, during April and May. Proportionately fewer older fish
were present during June. For the remainder of the year, ages
one through eight, fish were fairly uniformly represented.

Throughout the year, age classes three through five predominated
in collections, due possibly to the use of gill nets, which are
size selective. Some yearlings were collected during June, July,
and August, but no young-of-the-year yellow perch were collected
with seines, trawls, or gill nets, and few in larval tows (LMS,
1975). These data do, however, indicate that the recruitment
of young fish into the adult fishery continues.
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b. Feeding

The yellow perch is generally considered to be a facultative
planktivore, feeding mostly on small fish; some crustaceans,
and insects. The larvae, feed on zooplankton and insect larvae,
and when they grow to a length of 5.0 to 7.5cms, their diet changes
to larger zooplankton, insects, crayfish, snails, and small fish,
including their own species (McClane, 1964). Tharatt (1959)
found that alewives were the principal food of yellow perch in
Saginaw Bay.

The fish collected during the spring of 1974 (LMS, 1975) contained
a greater variety of food items in their stomachs than those
recorded from the fall collection. Of the stomachs examined,
53.7% contained fish (mottled sculpin and alewives identifiable)
and 26.8% contained fish eggs and Gammarus fasciatus. During
the fall sampling period, fish (alewife ~dent>.f~ed and amphipods
were the only identifiable materials in the stomachs of yellow .

perch.

The results of the 1974 stomach content analysis agreed with
results from a study conducted on fish collected during 1972
(Williams and Miller, 1973).

Food preference by season for the yellow perch is very similar
to that of the white perch as indicated through stomach content
studies. The greater numbers of white perch in the area around
Nine Mile Point suggests that competition between the yellow
and white perch is occurring. Also, the alewife is plantivorous
and probably competes with young yellow perch.

c. Growth

Jobes (1952) reported annulus formation in Lake Erie yellow perch
to occur between early April and mid-July. The time of annulus
formation was determined by examining scales from 170 yellow
perch caught between April and October 1974 at Nine Mile Point.
Annulus formation was completed by some yellow perch during April
and May, peaked during June, and was complete for all fish examined
by July 1974 (LMS, 1975); a similar pattern occurred in the Nine
Mile Point vicinity in 1973 (OLM, 1974). The 1973 and 1974 data
from Nine Mile Point are consistent with the annulus formation
time for the Lake Erie population.

Hile and Jobes (1942) and El-Zarka (1959) reported that female
yellow perch were larger after age two. Hile and Jobes (1941)
in an earlier study at the same location found the same pattern
of growth after the third year of life.



The growth curves (calculated'rom the summation of the grand
average annual increments of length) for both male and female
yellow perch from Nine MIle Point (Figure VI-21) had the same

form; however, females generally appeared to be larger. A t-test
of the yearly differences in grand average calculated length,
however, revealed no significant differences (p)0.05) (LMS, 1975).

Calculated growth of male and female yellow perch was plotted
as a function of age (Figures VI-22 and VI-23). These graphs
show that female yellow perch growth for the first three years
has been similar for the past 9 years. After female fish reach
four years of age, growth of individuals spawned between 1966
and 1968 exhibited a progressively slower growth rate. Yellow
perch spawned in 1969 showed an increased rate of growth after
4 years of age. Male yellow perch appear to have grown uniformly
from 1968 to 1972.'o 1973 year class fish were collected during
1974 perhaps due to selectivity of gill nets for larger fish.
Statistical comparisons of Nine Mile Point yellow perch growth
with that of other populations were not possible.

Comparison of growth rates between the yellow perch collected
at Nine Mile Point and other water bodies (discussed in more
detail in LMS, 1975) indicates a great deal of variability between
water bodies. The Nine MIle Point population does not appear
to be greatly different from those in other collections.

Comparison of total biomass and average biomass per fish were
calculated for each month by transect (LMS, 1975). No transect
or monthly difference in biomass was observed in the Nine Mile
Point vicinity.

d. Abundance 1969-1974

The catch per 24 hrs of yellow perch from 1969 to 1974 is plotted
in Figure VI-24. This plot shows a slight decrease in the abundance
of yellow perch over the time period. Statistical analyses confirm
this observation revealing that fewer yellow perch were collected
in 1974 than in any other year (Table VI-6). This decrease
in yellow perch abundance may be due to competition between young
yellow perch and alewives. This hypothesis becomes supportable
when it is realized that alewives increased many fold during 1973

,and 1974.

e. Distribution 1974

Two-way ANOVAs, one each for day and night, were conducted comparing
yellow perch distribution by sampling depth (surface and bottom)
and among seasons for 1974 (LMS, 1975). Significantly more yellow
perch were collected in the bottom gill nets than the surface
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TABLE VI- 6
&

F

TWO-WAY ANALYSIS OF VARIANCE COMPARING THE CATCH/EFFORT OF YELLOW PERCH
BY GILL NETS BETWEEN THE NMPP AND FITZ TRANSECTS

NINE MILE POINT - 1969-1974

SOURCE
Degree of
Freedom

* (Error)

Sum of
Squares
(Error)

Mean of
Squares F-Test

BETWEEN STRATA

ITHIN STRATA

TOTAL

10

48

58

2.6716

4. 9382

7.6198

0.2682

0.1029

2.607 (P>0.025)

STUDENT-NEUMAN"KEULS TEST — DATES ( a= 0.05)

Largest: 1969 P"71 F-71 P"72 F-70 F-72 P"70 F-73 F-74 P-73 P-74: Small

F FITZ transect
P = NMPP transect

Bartlett's Test for homoscedasticity: X 1< 3.968 (P>0.5)

* Transformation is log (1+ catch/effort)

Underlined segments resulting from the Student"Neuman-Kuels Test are
statistically similar. Line breaks denote significant differences.



nets during both day and night, suggesting that the yellow perch
in the vicinity of Nine Mile Point select bottom waters. According
to Scott and Crossman (1973), these fish move up and down in the
water column daily. More fish were generally collected during
the summer (July, August and September) than during the spring;
however, no consistent trend was observed for the fall collections.
The greater abundance of yellow perch in the Nine Mile Point area
at a time other than their spawning season indicates indirectly
that they did not utilize this area for spawning.

In addition, three-way ANOVAs, one each for bottom and surface
collections, were conducted comparing the distribution of fish
between day and night, among the seasons, and among the sampling
transects (LMS, 1975). A significant sampling depth x season
interaction was shown for daytime catches; follow up analyses
showed a significant difference among seasons only for bottom
catches. Bottom gill net catch data indicate that more yellow
perch were collected from the NMPE and FITZ transects than from
the NMPW transect.'he number of fish caught at the NMPP transect
could not be separated from that caught at the other transects,
thus, indicating that the yellow perch were not concentrated
in the immediate vicinity of the Nine Mile Point Nuclear Station.

Everest (1973) found at the Hearn Generating Station in north-
western Lake Ontario that yellow perch, which were found only
from June to November, were concentrated in the plume area as
compared to a control area. This occurred especially during
October, when these fish were collected at temperatures between
12-22'C, but when ambient temperatures were around 9-11'C. The
highest temperature preference for the species has been experimen-
tally determined at 21-24'C (ferguson, 1958). The data and results
presented in this report do not support the results obtained
by Everest (1973). If yellow perch were selecting the thermal
plume at Nine Mile Point, then collection data would be expected
to indicate: 1) more fish at the surface, and 2) more fish at
NMPP transect. Neither result was obtained (LMS,1975) ~

f. Conclusions

The date presented above on yellow perch can be summarized as
follows:

A spawning population was present in the vicinity of Nine
Mile Point during the first two weeks of April; however, sex
ratio information indicates that the Nine Mile Point area
is not a preferred spawning site.



Females were as fecund as yellow perch collected in other
areas.

Eggs were not collected though a few egg masses were observed
in the area. Larvae were present during the spring but in
very low abundance.

Recruitment of young fish was observed during the 'late summer/
early fall.
Feeding in the Nine Mile Point area appears to be natural
for the species.

Growth is uniform among age-classes..

A decrease in abundance was evident among the years 1969 to
1974 probably due to competition between young yellow perch
and alewives. This decrease was uniform in the Nine Mile
Point area as there was no significant- difference between
transects'located within the .plume and transects" located outside
of the plume.

6. Smallmouth Bass

a. Reproduction

Fecundity measurements were not performed on smallmouth bass
because these fish were not present in. collections during the
spring coinciding to the expected time of spawning (Scott and
Crossman, 1973) ~

The sexes were equally represented among smallmouth bass collected
with gill nets in the vicinity of Nine Mile Point over the year
1974. (LMS, 1975). Smallmouth bass spawn as pairs, and therefore
it should be expected that in a spawning area individuals would
be distributed equally between the sexes.

Eggs of the smallmouth bass are spawned in nests usually in shallow
water areas during the late spring and early summer months.
Adult males guard the nest through early larval development when
the larvae begin to leave the nest (Scott and Crossman, 1973).
Eggs of the smallmouth bass have never been identified in collec-
tions at Nine Mile Point and during 1974 only one larvae was
collected. Presence of adults in the area strongly suggests
that some spawning and larval development occur; however, the
nesting habits preclude collection of the eggs and larval forms.

The length frequency distributions for the smallmouth bass (LMS,
1975) indicate that during April and May, only large (old) fish
were collected. Three slightly smaller bass were collected in
June and several age classes were collected during July. Overall
there was a predominance of large (old) smallmouth bass, suggesting



an unstable population based on the fact that stable fish popula-
tions are more heavily "represented by the younger age class.
However, it should be noted that most of this discussion is based
on collections by gill nets, which are size selective and do
not catch small, smallmouth bass.

b. Feeding

There is a progression of preferred food items with increase
in the size of smallmouth bass from plankton, to aquatic insects,
to crayfish and fish (Scottland Crossman, 1973). Only adult
smallmouth bass have been examined from collections at Nine Mile
Point. Williams and Miller, (1973) reported a preference for
forage fish primarily the spottail shiner and crayfish, during
the summer with the crayfish becoming more prevalent in the fall
months as forage fish became less abundant. Only four specimens
were examined in 1974 with the dominant forage 'fish consumed
being small alewife and the decapod, crayfish. The abundance
of small alewife in the Nine Mile Point area would make this
a preferred area for foraging by smallmouth bass.

c. Growth

Reynolds (1965) reported that annulus formation in smallmouth
bass occurred in late May in the Des Moines River, Iowa; Suttkus
(1955) observed that annulus formation for smallmouth bass was

completed during May and June for a small stream population in
Falls Creek, New York. Annulus formation began during May and
June for smallmouth bass from Nine Mile Point, peaked during
July (52%) and was essentially complete by August.

The growth curves (calculated from the summation of the grand
average annual increments of length) for both male and female
smallmouth bass (Figure VI-25) had the same form, but males ap-
peared larger at all ages. A t-test of the differences between
the grand average calculated lengths of male and female smallmouth
bass for each year of life revealed that males were significantly
larger at ages 1, 3, 5, 6, 8, and 9 (p (0.05). In 1973, QLM

(1974) reported that only five-year-old males were significantly
larger than females. Stone et al. (1954) reported little difference
in the growth of male and female smallmouth bass in the St. Lawrence
region of Lake Ontario; Suttkus (1955) also found no difference
in the growth between the sexes for smallmouth bass in Fall Creek,
New York.

VI'-37-
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Calculated growth of male and female smallmouth bass were plotted
as a function of age (Figures VI-25 and VI-26) ~ These plots
show that first year growth has not been uniform with from 40
to 100% change occurring between any two years. In addition
for both sexes there are year classes missing (not collected)
indicating a low abundance of these years'epresentatives. Growth
of females appears to be more regular than male growth at least
for age class I.
Based on the limitations of comparing data among growth studies
described in LMS (1975) the following points are apparent. The

difference between the estimated growth of smallmouth bass at
Nine Mile Point for 1973 and 1974 was the greatest at ages one

and two, but decreased with increasing age; estimates of growth
were similar at ages six to eight. The growth estimates at Nine
Mile Point were similar to those at Tadenac Lake, Ontario for
ages one to four and to the St. Lawrence River-Lake Ontario area
for ages five to seven. The growth estimates for fish in these
two studies were greater than Nine Mile Point estimates for the
remaining years of life. Smallmouth bass in Cayuga Lake, Lake
Michigan, and the Des Moines River, Iowa appear to grow faster
than smallmouth bass at Nine Mile Point.

Biomass data showed no difference in either total or average
weight per fish among transects at the Nine Mile Point during
1974.

d. Abundance 1969-74

The two way analysis of variance showed that there were no sig-
nificant differences in smallmouth bass catch/effort 'among the
six years or between the transects NMPP and FITZ. The catch/effort
information is presented in Figure VI-28 and the results of the
ANOVA in Table VI-7.

e. Distribution 1974

The three-way ANOVA compared differences between day and night
or among sampling transects. A statistical difference in abundance
among transects was expected, based on qualitative information
from LMS divers and fisherman, who reported that smallmouth bass
actively congregate within the area of the Nine Mile Point dis-
charge. In addition, John Kelso (personal communication, Canada
Center for Inland Waters, Burlington ) reported that smallmouth
bass in 1973 made frequent forays into "hot" areas of the Pickering
Generating Station discharges. Sonic tagging showed that the
fish entered the hot areas for only a few minutes, and then re-
turned to the area just outside of the plume where they remained
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TABLE VI-7

TWO"WAY ANALYSIS OF VARIANCE COMPARING THE CATCH/EFFORT OF SMALLMOUTH BASS

AMONG YEARS AND BETWEEN THE NMPP AND FITZ TRANSECTS*

NINE MILE POINT - 1969-1974

SOURCE

Degree of
Freedom
(Error)

Sum,of
Squares
(Error)

Mean of
Squares F-Test

BETWEEN STRATA

WITHIN STRATA

TOTAL

10

48

58

0.4271

2.8029 .

3.2299

0.0427 0.731 (P>0.25)

0.0584

2
Bartlett's Test for homoscedasticity: X lp 13.427 (P>0.10)

* Transformation is log (1+ catch/effort)



until the next foray. No transect difference was apparent in
the Nine Mile Point Nuclear Station vicinity;,this may have been
due to the relatively small numbers of smallmouth bass collected.

More smallmouth bass were collected, however, during the summer
(July, August, September) than during either spring (April, May,
June) or fall (October, November, December).

f. Conclusions

The data presented above on smallmouth bass in the vicinity of
Nine Mile Point can be summarized as follows:

— Estimates of time of spawning and fecundity could not be done
due to the absence of spawning adults in the collections.

— Between the years 1973 and 1974 only one smallmouth bass larvae
has been collected. The absence of larvae in probably due
to the nest building habits of the adults.

— Feeding appears to be normal for the species.

— Growth is irregular and some age classes mainly the younger
ones are quite low in abundance.-

— There has been no noticeable change in the catch/effort of
smallmouth bass from 1969 to 1974.

— Transect differences between those located in the plume and those
outside of the plumes influence were similar.

7. Threespine Stickleback

a. Reproduction

No data are available on the time of spawning or the fecundity
of threespine sticklebacks in the vicinity of Nine Mile Point.

Eggs of the threespine stickleback have never been collected in
the vicinity of Nine Mile Point, and larvae were reported only
from collections conducted in 1973. Nest building and guardianship
of the eggs and young by the adult males precludes collection
with the currently used sampling gear.



b. Feeding

The threespine stickleback is an opportunistic feeder consuming
any available animal food source including their own eggs and

young (Hynes, 1950). Information on feeding habits for threespine
sticklebacks collected in the area of Nine Mile Point is not cur-
rently available.

c. Growth

No data, are available on the growth of the threespine stickleback
in the vicinity of Nine Mile Point.

d. Abundance

During 1973, 78 threespine sticklebacks were collected and during
1974 29 were collected. There was no apparent concentration of
sticklebacks at any one of the transects.

8. Spottail Shiner

a. Reproduction

No data are available on either the time of spawning or fecundity
of the spottail shiner in the vicinity of Nine Mile Point.

The larvae of the spottail shiner, an important forage species,
has been reported in the Nine Mile Point area from only 1973 col-
lections. Spawning is reported to occur over sandy substrates (Scott
and Crossmanp 1973) which is not found in the area around Nine
Mile Point, but does exist towards the east (LMS, 1975). The
absence of eggs and very small numbers of larvae collected suggest
that the Nine Mile Point vicinity is not a preferred spawning
or nursery 'area for this species.

b. Feeding

Large crustaceans such as Leptodora and Daphnis, and insects all
of which are abundant aro'und Mrna Mile Point are considered important
food items for the spottail shiner. Food habits for spottails
collected in the vicinity of Nine Mile Point are not available;
however, all reported food items have been reported in collections
from the study area.

c. Distribution and Abundance

The spottail shiner represented 5.6% of the total fish collected
in 1974 with 5459 fish. It is also the most abundant (based
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on catch/effort) natural fish (i.e., not recently introduced)
in the vicinity of Nine Mile Point.

s s

Bottom gill nets during sampling conducted in 1974 yielded 5377
of the 5459 spottail shiners collected, indicating that shiners
prefer the bottom. This distribution is correlated with the
feeding habits of spottails, which consume principally plankton
(e.g., Daphnis, Bosmina, and Leptodora) and aquatic insect larvae
(e.g., chtronomi~ds , organisms whtch are usually abundant in
bottom collections.

The catch/effort data was plotted by month and sampling transect
in Figure VI-29 for 1974. These data indicate a predominance of spot-
tails to the east of the Nine Mile Point Plant, with the greatest
abundance at the FITZ transect.

Since most spottail shiners were collected from the bottom and
in areas other than the NMPP transect, it can be concluded that
they were not selecting the warmer surface waters of the thermal
plume.

9. Brown Trout

a. Reproduction

No data are available on the fecundity or time of spawning of
brown trout in the vicinity of Nine Mile Point. No eggs or larvae
of the brown trout have been collected in the Nine Mile Point
vicinity.

b. Feeding

Brown trout feed on a wide variety of organisms ranging from insects,
molluscs, amphibians, decapods, and fish. The wide range of food
items consumed would not preclude brown trout from the area of
Nine Mile Point; however, no information of feeding habits is
currently available.

c. Abundance

A total of 31 brown trout were collected in 1973 and 75 in 1974.
Of the total 106 fish, 81 were collected with surface gill
nets and 25 with bottom gill nets. The brown trout is stocked
annually by NYSDEC in many rivers emptying into Lake Ontario.



10. Coho Salmon

a. Reproduction

No data are available on the fecundity or time of spawning of
coho salmon in the vicinity of Nine Mile Point. Lake Ontario
stocks of the coho salmon first introduced in 1968-1969 are cur-
rently being maintained through extensive re-stocking programs.
At present no information is available on any natural reproduction
by the introduced fish and in the vicinity of Nine Mile Point
no eggs or larvae have been collected.

b. Feeding

Coho salmon are reported to feed primarily on alewife and rainbow
smelt (Christie, 1974). Information on coho salmon feeding in
the Nine Mile Point vicinity is not presently available.

c. Abundance

Two coho salmon were collected, by Storr (1970a) in 1969, one
in 1970, none in 1971, 1972, and none in 1973 by QLM (1974) or
by LMS (1975) in 1974.

ll. Gammarus fasciatus

a. Life Cycle

The life cycle and feeding for nearctic populations of Gammarus
were discussed in Section V-B. In depth analysis of the population
present in the vicinity of Nine Mile Point has not been conducted;
however, seasonal distributional trends with peak abundance occur-
ring during late summer/early fall (LMS, 1974, 1975) corresponds
to the general literature presented.

b. Abundance 1969 — 1974

The number of Gammarus fasciatus collected in benthic surveys
in the vicinity of Ntne Mile Point from 1969 to 1974 is presented
in Figure VI-30. Benthic surveys were limited during the years
1969 through 1972 encompassing only two, primarily summer collections;
however, the graph indicates the same population trends among years.
Sampling techniques were different between 1969-1972 and 1973-1974
which may account for some of the difference in abundance 'values;
however the trends among years are similar. The yearly abundance

VI-42
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and transect abundance corresponding to locations within the
designated plume and station'ot affected by the plume were. tested
for differences using a two-way analysis of variance (ANOVA)
(Table VI-8). There was no significant difference observed in
either yearly or transect abundance of Gammarus at Nine Mile
Point.

0
Distributional trends for Gammarus collected during 1974 at Nine
Mile Point were evaluated using an ANOVA (LMS, 1975). The statistical
test results showed a significantly greater abundance of the amphipod
at the shallower 20 ft stations located to the east of the plants
discharge and the lowest abundance at the 80 and 100 ft depth
contour stations to the north of the plant.

c. Conclusion

The information presented for Gammarus fsscistus in the vicinity
of Nine Mile Point can be summarzzed ss follows:

Seasonal trends in abundance indicates that Gammarus, an important
food item, successfully completes an annual reporductive cycle
in the study area.

— Comparison of abundance values from benthic samples collected
before and after plant operation (1969-1974) show no significant
difference-

— Evaluation of G. fasciatus abundance between stations located
in the designated plume and stations not affected by the thermal
discharge showed no significant differences.

The thermal discharge from Nine Mile Point Unit 1 does not
affect Gammaras fasciatus as evidenced by the presented information.

12. Cladophora glomerata

a. Cladophora glomerata

The biomass of the dominant algal species Cladophora collected
in benthic sampling programs among the years 1969 to 1974 at tran-
sects located within the influence and not within the influence
of the Nine Mile Point thermal plume is graphically presented
in Figure VI-31. Biomass values were tested for significant differ-
ences using a two-way ANOVA, and the results (Table VI-9) show no
significant difference among years or between transects. The
results indicate that the thermal discharge of Nine Mile Point
Unit 1 has not altered the seasonal growth cycle of the algae
discussed in section V-B, nor caused a significant increase in
the biomass.



TABLE VI-8

TWO"WAY ANALYSIS OF VARIANCE FOR YEARLY AND

TRANSECT ABUNDANCE* OF.GAMMARUS FASCIATUS

NINE MILE POINT - 1969"1974

SOURCE

Degree of
Freedom
(Error)

Sum of
Squares
(Error)

Mean of
Squares F-Test

BETWEEN STRATA

WITHIN STRATA

TOTAL

11,

20

1.8980

7.3669

9.2649

0.1726 0,468'P>0.25)

0.3683

2Bartlett's Test for homoscedasticity: X ll 3,854 (P>0.25)

* Log transformed
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TABLE VI-,,9

TWO-WAY ANALYSIS OF VARIANCE FOR YEARLY AND

TRANSECT BIOMASS* OF CLADOPHORA GLOMERATA

NINE MILE POINT - 1969-1974

SOURCE
Degree of
Freedom
(Error)

Sum of
Squares
(Error)

Mean of
Squares F-Test

BETWEEN STRATA

WITHIN STRATA

TOTAL

20

31

3.4483

14.5861

18.0344

0.3135 .430 (P)0.25)

0. 7293

Bartlett's Test for homoscedasticity: X 11 ~ 13.061 (P)0.25)

* Log transformed



13. Summary

The life cycle activity, where information was available, for the
representative important species in the vicinity of Nine Mile Point
was discussed in this section. Population parameters evaluated in-
cluded; time of spawning based on the calculation of coefficient
of maturity, fecundity, time of annulus formation, egg and larvae
abundance, growth, sex ratio, recruitment and year class structure.
In addition, distributional trends among years (1969-1974) encompassing
pre-operational and post-operational Nine Mile 1 conditions based
on catch per effort for gill nets was evaluated statistically using
analysis of variance. Transects continously sampled, from 1969 through
1974 were grouped as to their location in relation to the designated
thermal plume and evaluated for significant differences in abundance
again using the analysis of variance.

The alewife, r'ainbow ~smelt, white perch, and yellow perch were collected
in sufficient quantity and at all stages of development to demonstrate
completion of a normal life cycle in the vicinity of Nine Mile Point.
Absence of life stage data or low abundance for the smallmouth bass,
threespine stickleback, and spottail shiner preclude definitive state-
ments concerning life cycle completion; however, indirect evidence
from available literature strongly suggests that these species complete
reproductive, growth, and developmental cycles in the Nine Mile Point
vicinity. The salmonids, brown trout and coho salmon do not normally
reproduce in limnetic environments, and low abundance values for
each species do not indicate a definite use by any life stage of
the study area. The amphipod Gammarus fasciatus and alga Cladophora
glomerata exhibited seasonal trends in abundance (biomass) indicating
completion of an annual life cycle.

Yearly catch per effort data for the rainbow smelt, white perch,
and smallmouth bass collected by gill nets showed no significant
difference among the years 1969 to 1974. Alewives have increased
in abundance with significantly greater numbers collected during
1974 compared to the earlier years. Alewives exhibit oscillations
in abundance over two to three year periods and the increase in 1974
is probably normal for the population. Yellow perch exhibited a general
decline in abundance over the six years having significantly fewer
collected in 1974. The decline in yellow perch abundance may be
the result of competition with the increasing alewives. No signifi-
cant differences were observed in the yearly abundance of G. fasciatus
or the biomass of C. glomerata at Nine Mile Point among the pre-opera-
tional and post-operational years.



No influence on the distribution of the representative important
species by the thermal discharge from Nine Mile Point Unit 1 was
observed on a significant level in a statistical comparison of
transects located within the influence of the plume and those lo-
cated outside of the plume.

E. COMMUNITY STRUCTURE

Evaluation of the fish community at-Nine Mile Point demonstrates
that:

(1) the community as a whole is intact (as required on p.26
of the guidance manual), and

(2) the community structure has not been simplified as a result
of the Nine Mile 1 discharge (this evaluation is required
on p.23 of the guidance manual).

The distribution of individuals among species within a community
can take a variety of forms and many computational techniques have
been developed to represent these distributions (see review by Peet,
1974) ~ One of the most common and widely accepted statistics used
to relate the number of species and the distribution of individuals
among those species is the Shannon-Weaver species diversity index
(Shannon and Weaver, 1949) ~ Pielou (1966) explained the use of this,
information theory index to diversity measurements, suggesting that
heterogeneity can be equated with the amount of uncertainty that
exists regarding the species of an individual selected at random
from a population. The more species there are and the more nearly
even their distribution, the greater the diversity.

Smith (1966), Fischer (1960), and Elton (1958) believe that diver-
sity is least in simpler, less stable ecosystems. Many exceptions
to this general rule can be found, nonetheless, the species diver-
sity index is one way of measuring the heterogeneity of a system.
In addition, Hutcheson (1970) has developed a sampling theory for
the Shannon-Weaver formulation thus=allowing for parametric com-
parisons of diversity measures. By calculating species diversity
and then comparing them statistically, it is possible to document
whether or not a statistically significant change in the hetero-
geneity of the community has occurred. Furthermore, since species
do not exist as independent entiti'es but interact with one another,
the measure of heterogeneity becomes a measure of structure. Thus,
comparisons of diversity may also reveal changes in community structure.



A monthly. species diversity for the fish collected during 1973 and
1974 from six sampling transects in the vicinity of Nine Mile Point
was calculated using the Shannon-Weaver formulation. These data
are presented in Figure VI-32. This graphic presentation illustrates
the dynamic nature of the community within this area. For both yearsdiversity is highest during September and October which is followed,
by a decrease to, December. The lowest diversity values are found
during June and July. This corresponds to the time of the maximum
inshore „migration of the alewife. When one species 'predominates
in the collection, the diversity of the collection will decrease.

A three-way analysis of variance was conducted on the monthly diversity
data comparing „the two sampling years, the six transects, and the
sampling months .

There were no significant differences (at ' 0.01) among the sampling
transects for, any temporal comparison (Table VI-10). Thus it can be con-
cluded that the species diversity is similar at each transect. In ad-
dition there was not a significant difference in the mean annual species
diversity. However, there were significant differences between the
months when compared by year. June, July, and August 1973 species
diversity values were higher than these months in 1974. It was shown
previously that alewife abundance (catch/effort) had increased during
1974. This would tend to decrease the species diversity values for
the months in 1974 when alewives were most abundant (i.e., June,
July and August).

One other monthly difference was noted; the mean species diversity
for October 1974 was greater than for October 1973. This is due
to a decreased catch of alewives in 1974 and an increase in abundance
of white perch, yellow perch, spottail shiners, and gizzard shad.

The lack of a difference between the average yearly values indicates
that there has not been a statistically significant change in the
community heterogeneity (or structure) for the period. The lack
of differences among .the transects indicates that the thermal discharge
from Nine Mile 1 has not resulted in a statistically significant
change in the community heterogeneity at the NMPP transect.

F. ECONOMIC AND RECREATIONAL USE OF THE STUDY AREA

An important consideration in evaluating water resources and the
potential impact from a point source discharge is the availability
and suitability of the area for recreational activity. Water activi-
ties near Nine Mile Point including boating, swimming, and fishing
by both residents and tourists are beneficial to the local economy;
therefore, any impairment to the use of the available water resources
would result in an economic impact.
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TABLE VI-10
THREE WAY ANALYSIS OF VARIANCE COMPARING THE GILL NET SPECIES. DIVERSITY

IN 1973 TO 1974, AMONG THE SIX SAMPLING TRANSECTS, AND FOR EACH MONTH

SOURCE
EGREES OF

CFREEDOM
SUM OF
S UARES

DEGREES OF
FREEDOM ERROR

MEAN OF SQUARES
ERR'OR ~ F- est

YEARS

TRANSECTS

a ONTHS

YEAR X TRANSECT

ONTH X TRANSEC
f

EAR X MONTH

25

0.786

0.918

12.505

1.760

'3.452

5,316

35

55

25

25

25

0.303

0.159

0.223

0.141

0. 14.1

0.141

2.594

'.155

11.316**

2.496

0.979

7 ~ 540**

** ~ Significant'at a~ 0.01~ ~

~

DIFFERENCES BETWEEN YEARS, BY MONTH (1973-1974)

i ONTH

June

July

august

September

October

December

DIFFERENCE

0.677

0.682

0.716

0.159

0.711

0.265

T-test

3.123**

3,] 46**

3. 303

0. 733'

'80%*

1. 222

YEARLY CAPARISON

73>74

73>74

73>74

74>73

*~ ~ Significant at a~0.01
+ ~ Only six months were compared between years because data were not available

for the winter months (January, February, March) and for the months of May
and November in 1973 at all transects



Access to the waters in the vicinity of Nine Mile Point includes
boating facilities at Oswego and at a new small craft harbor in Mexico
Bay to the east of Nine Mile*Point. Information on the extent of
use of the waters in the Nine Mile Point vicinity is not available;
however, observations by sampling crews indicate that the area is
extensively used by fishermen during the summer months, Observations
made during 1973 and 1974 when crews have been working in the area
also indicate that the area .is heavily used by small craft cruising
or sailing along the lake's shore.

'he

principal game fish taken in the 'study area is reported to be
the smallmouth bass. Sport fish including the smallmouth bass, white
perch, yellow perch, and several pike species were discussed in
Chapter V. Numerous smaller pan fish species include white bass,
crappie, and several sunfish that are resident in the Nine Mile Point
area. The State of New York is presently committed to an extensive
salmonid stocking program in the eastern section of Lake Ontario.
The stocking program includes coho and chinook salmon, and, brown,
lake, and rainbow trout; these fish species have been observed col-
lected in the Nine Mile Point area (QLM, 1974; LMS, 1975) indicating
an increase in fish species available to sport fishermen.

The presence of resident and stocked game fish in the area of Nine
Mile Point is in part the result of several forage species, which
are preferred food items for the game fish. The macro-invertebrate
Gammarus fasciatus is abundant during the summer/fall period (LMS,
~1975 and has been reported as a major food item for several fish
species (Scott and Crossman, 1973). Forage fish species include
the spottail shiner, emerald shiner, alewife, and johnny darter.
The stocked salmon are known to feed on alewife and it is hoped they
will help to control the extensive Lake Ontario alewife population,

In summary, biological surveys conducted in the vicinity of Nine
Mile Point have indicated the presence of several desirable game
fish populations, and the food base to support them. Field crew
observations suggest extensive use of the area by sport fishermen.
The presence of game fish and preference of the area by fishermen
indicates that the operation of Nine Mile 1 has not had a detrimental

'effect on the recreational use of the area, nor the area's economy.

VI-47
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FISH TEMPERATURE DATA SHEET

Species: Alewife (Alosa pseudoharengus)

I. Lethal threshold:
acclimation
temperature larvae juvenile adult

data 3/source-

Upper 10
15
20

Summer
Summer 23

20
23
23

26.7-32.2

Lower 17

II. Growth—1/

Optimum and

[range- ]
2/

larvae juvenile adult

III. Reproduction: optimum range month(s)

Migration
Spawning

Incubation
and hatch

15.6-27.7
13»16

15.5-22 for 6to2 days
17.7

IV. Preferred: acclimation
temperature larvae juvenile adult

Spring 21.2

As reported or net growth (growth in wt minus wt of mortality).
3

As reported or to 5 0% of optimum if data permi t .

"Data sources:

1. Rounsefell and Springer, 1945
2. Threiner, 1958
3, Graham, 1956

Dept. of Int., 1970

5. Altman and Dittmer, 1966
6. Trembley, 1960 for LD 50
7. Desall, 1970
8. Reutter and Hendendorf, 1974



.,FISH TEMPERATURE, DATA SHEET

Species: Brown trout (Salmo trutta)

acclimation
I. Lethal threshold: temperature larvae juvenile adul t-

data
sourc

Upper
1 -18

23.5
25

5
3

Lower

II. Growth—1/

Optimum and

[range- ]
2/

larvae juvenile adult

18.3-23.9

8-17
12

12.4-17.6

III. Reproduction: optimum range month(s)

Migration
Spawning
Incubation

and hatch
7.3 for 64 days

10.0 for 41 days

6.7-8.9 Oct-Nov

IV. Preferred: acclimation
temper'ature larvae juvenile adult

1 As reported or net growth growth zn wt menus wt of mortals.ty
2/ As reported or to 50% of optimum if data permit.
3/ Data sources:

1. Mansell, 1965
2. Brynildson et al., 1963
3. Klein, 1962
4. Brett, 1970

5. Bishai, 1960
6. Swift, 1961
7. Ferguson, 1958 "

8. Bardech et al., 1972



FISH TEMPERATURE DATA SHEET

Speci.es: Coho salmon (Oncorhynchus kisutch)

acclimation
I. Lethal threshold: temperature

5
Upper 10

15
20
23

larvae juvenile
23
24
24
25
25

*Acclxmation temp.

adult

~31* 3)

unknovn

data 3/source—
1

1.3
1

Lower

II. Growth—1/

10
15
20
23

larvae juvenile

0.2

adult

Optimum and

[range- ]
2/

15*

III. Reproduction:
Migration
Spawning
Incubation

and hatch

optimum range
7-1675)
7717 3)

month(s)

Fall

Winter-Spring

IV. Preferred: acclimation
temperature larvae juvenile adult

Winter
Sprang

13

1 As reported or net growth growth xn wt magnus wt of mortality
2/ As reported or to 50X of optimum if data permit.
3/ Data sources:

1. Brett, 1952
2. Great Lakes Research Labortory, 1973
3. Anonymos, 1971

7. Reutter and Hendendorf,1974

4. Edsall, 1970
5. Burrows, 1963
6. Averett, 1968



FISH TEMPERATURE DATA SHEET

Species: Rainbow smelt (Osmerus mordax)

I. Lethal threshold:
acclimation
temperature larvae, juvenile adult

data
sourc

Upper
s

21.5"28.5

Lower

II. Growth—1/ larvae juvenile adult

Optimum and

(range- ]
2/

III. Reproduction: optimum range month(s)

Migration
Spawning
Incubation

and hatch

.9
11-15

6-10 for 29 to 19 days

Mar'ch-April='une
5
2
4
3

IV. Preferred: acclimation
temperature larvae" juvenile adult

7.2

1 As reported, or net growth growth zn .wt magnus wt,of mortals.ty
2 As reported or to 50% of optimum if data per'mit.
3 Data sources:

1. Altman and Dittmer, 1966
2. Scott and Crossman, 1973
3. McKenzie,'964

4. Sheri and Power, 1968
5. QLM, 1974 Nine Mile Study
6. Hart and Ferguson, 1966

\



FISH TEMPERATURE DATA SHEET

Species: Spottai'1 shiner (Notropis hudsonius)

acclimation
I. Lethal threshold: temperature

Upper

larvae juvenile adult
30e8
30.3

data 3/source—
1
1

Lower

II. Growth—1/ larvae juvenile adult

Optimum and

[range- ]
2/

III. Reproduction: optimum range month(s)

Migration
Spawning
Incubation

and hatch

20 3,4

IV. Preferred: acclimation
temperature larvae juvenile adult

Wanter
Spry.ng

14
10.2
14. 5

1 As reported or net growth growth zn wt magnus wt of mortals.ty .
2/ As reported or to 50% of optimum if data permit.
3/ Data sources:

1. Trembley, 1961, LD 50
2. Meldrim and Gift, 1971
3. Peer, 1961
4. Carlander, 1969

Reuttex and Herdendorf, 1974



FISH TEMPERATURE DATA SHEET

Species: Smallmouth bass (Micro terus dolom )

Upper

acclimation data
larvae juvenile adult source

38* (9) 35 (3) 9, 3

Lower 15(3)
18
22
26

*acclimation not given

4(9)* 2(3)
4
7

10
*acclamation temperature not given

3, 9
3
3
3

II. Growth—1/

Optimum and

[range- ]
2/

larvae

28-29(2)

juvenile

26 (3)

adult

2. 3

III. Reproduction:

Migration
Spawning

Incubation
and hatch

~ot imum

1~7-18 5)
16. 1-18. 3

ran e

1378)-21(7)
12.8-20.0

month(s)

Ma~Jul 8)

Ma~Jul
5 7

12

IV. Preferred: acclimation
tern erature

Summer
Wanter

21

larvae juvenile adult

21-27 6
>8*(~1 -28(4) 1, 4

20.3-21. 3 10
20-30** 11

Winter
S rin
Summer
Fall
Fall

18.0
19-24
31.0
24-27

12-13
15-16
30.0
21-23
26.6

13,
13
13
13
14



FISH TEMPERATURE DATA SHEET
(Continued)

1/ As reported or net growth (growth in wt minus wt of mortality)
2/ As rported or to 50X of optimum if data permit.
3/ Data sources:

1. Munther, 1968.
2. Peek, 1965.
3. Morning and Pearson, 1973.
4. Fergusen, 1958
5. Breder and Rosen, 1966
6. Emig, 1966.
7. Hubbs and Baily, 1938

8. Surber, 1974
9. Larimore and Duever, 1968

10. Ferguson, 1958
ll. Cherry, et al., 1975
12. Scott and Crossman, 1973
13. Barans and Tubb, 1973
14. Reutter and Herdendorf 1974



FISH TEMPERATURE DATA SHEET

Species: Threespine stickleback,(Gasterosteus aculeatus)

I. Lethal threshold

Upper

acclimation
temperature . larvae

19
20

data
juvenile adult ; sourc

25s8 1

27.2 2
31.7-33 3

Lower

II. Growth-1/ larvae juvenile adult

Optimum and

2/[range- ( 37.1

III. Reproduction: optimum range month(s)

Migration
Spawning
Incubation

and hatch 19 for 7 days

IV. Preferred: acclimation
temperature larvae juvenile adult

1 As reported or net growth growth xn wt magnus wt of mortals.ty
2/ As reported or. to 50% of optimum if data permit.
3/ Data sources:

1. Blahm and Parente, 1970
2. Jordan and Garside, 1972
3. Altman and Pittner, 1966
4. Breder and Rosen, 1966



FISH TEMPERATURE DATA SHEET

pecies: White perch (Morone americana)

I. Lethal threshold

Upper

acclimation
temperature

2 .8

larvae juvenile adul t

6.6
34.7

data 3/source-

Lower

II. Growth—1/ larvae juvenile adult

Optimum and

[range —]
2/

23.9

I. Reproduction: optimum range month(s)

Migration
Spawning
Incubation

and hatch

11-15

15-20 for 4.5"1.2 days

May"June

IV. Preferred: acclimation
temperature larvae juvenile adult

1 As reported or net growth growth zn wt magnus wt of mortality
2/ As reported or to 50% of optimum if data permit.
3/ Data sources:

1. Meldrim and Gift, 1971
2. Meldrim and Gift, 1971, minimum avoidance temperature
3. Scott and Crossman, 1973
4. Sheri and Power, 1968



FISH TEMPERATURE DATA SHEET

Species: Yellow perch (Perca flavescens) *

0
acclimation

I. Lethal threshold: temperature larvae juvenile adult
data
source-

Upper
9-18

10
22-24

25

21. 3
13-22

25
29-30
29.7

12
1

3 9 1

Lower 25

II. Growth—1/ larvae juvenile adult

Optimum and

[range- ]
2/ 13-20 5,6

III. Reproduc t ion:

Migration
Spawning
Incubation

and hatch

optimum

12 11

range

7.2-12.8 (9)
5-~10 10)

month(s)

9, 1
March-June (ll) 10, 1

IV. Preferred: acclimation
temperature

10
15
20

24
Wanter
Wanter
Spr z.ng
Summer

larvae juvenile

19.3
23.0
23.1

20.23
10"13

18.0
25-27

adult
21-24 4
19.7 Tfield) 4
17.0 4
20.0 4
20.5 4

10"29 7

8
7-12 13
14.1 14
13-16 13
27.0 13

1. Hart, 1947
2. Black, 1953
3 Brett, 1956
4. Ferguson, 1958
5. Cobble, 1966
6. Weatherly, 1963

7. Barans and Tubb, 1973
8. McCauley, 1973
9. Breder and Rosen, 1966

10. QLM, 1974 Nine Mile Studyll. Jones, et al., 1973
12. Everest, 1973



FISH TEMPERATURE DATA SHEET

Species: Gammarus fasciatus (Amphipoda)

I. Lethal threshold:
acclimation
temperature larvae juvenile adult

data
source—

Upper 2.5'C
11 C

19.8 C

25 C

28'0*
31 0*
34 0
37 0*

Lower * 30 minute TLm for Gammarus sp. in Hudson

TI. Growth—1/ larvae juvenile adult

Optimum and

[range- ]
2/

III. Reproduction:

Sp awning

interval
between
moults

optimum

Summer

6"11 days (18'C) 8-15 days (21'C)
4«11 days (21'C) 2
3-ff days (25'0)

5/range-

lower limit = 10'C(fall)
lower lrmit = 4'C(sprang

Incubation
and hatch 7 days at 24'0; 9 days at 20'0; 14 days at 18'0;

22 days at 13'C

IV. Preferred: acclimation
temperature larvae juvenile adult

prefers cool waters

l/ As reported or net growth (growth in wt minus wt of mortality).
2/ As reported or to 50%%d of optimum if data permit.
3/ Data sources:.
4/ Twenty-four hour latent mortality was observed following 30 minute and

~

~
~

~ ~

~

~

60 minute elevated temperature exposures. Gammarus sp. acclimated at
25'C suffered no mortality when exposed to 33 0 for 1 hcur; when exposed
to 37 C for 1 hour 92%%d of Gammarus sp. died within 24 hours.

5/ Reproduction at 30'C



FISH TEMPERATURE DATA SHEET

Species: Gammarus fasciatus (Amphipoda) (Continued)

1. Lauer, G.J., W.T. Walker, D.W. Bath, W. Makes, R. Heffner, T. Ginn,
L. Zubarik,.P. Bibke-and P. Storm. 1974.

2.'lemens, H.P. 1950.
3. Pentland, E.S. 1930.
4. Embody,, G.C. 1912.
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REGULATORY CORRESPONDENCE

FACILITY OPERATING LICENSE NO. DPR-63
with "Section 2.1 Thermal" of Appendix B

to the license.
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UNITED STATES
'TO"8 lC ENERGY CiI41ISBIC'I

WASHINGTON. O.C. ROSES

OeCeZIber 26, lo74

Docket No, 50-220

Niagara 'Ltohawk Power Corporation
ATTN: i1r. Philip D. Raymond

Vice President - Engineering
300 Erie Boulevard Vest
Syracuse, New York 3.'3202

Gentlemen:

The Coanission has issued the enclosed Facility Operating License No.
DPR-63 to operate th" ."Iine labile Point Nuclear Station Unit No. 1 at
steady state reactor core power levels not in excess of 1850 megawatts
(themel) in accordance with the provisions of the license and the
Technical Specifications. This action is in response to your application
for a full-term operating license notarized June 27, 1972.

The Nine lfile Point Nuclear Station Unit No, 1 has operated since
August 22, 1969 under Provisional Operating License No. DPR-17.
Facility Operating License No. DPR-63 supersedes Provisional Operating
License No. DPP;17 in its entirety.

The radiological -portion of the Technical Specifications, identified as
Appendix A, were issued with Provisional Operat'ng License No. DPR-17
and are being reis ued in their entirety to incorporate all the applicable
changes through Change No. 13. In addition, changes have been 'ncluded
in the reissued Technical Specifications, Appendix A, that corrcspond
with those requested by applications zor amendments to your license
notarized September 20, and November 18, 1974. The environmental portion
of the Tecimical Specifications, identified as Appendix B, are being
issued for the first time and together with Appendix A constitute the
complete Technical Specifications. The numbering system zor amendments
to the license and cnanges to the Technical Specifications for this newly
issued Facility Operating License No, DPR-63 w'll begin with number 1.



Hr. Philip'. Raymond A-
C

December Z6, 1974 ."

Two copies of Amendment No. 8 to Indemnity Agreement llo. B-36 are
enclosed. Please'ign and return one copy to this office.

A copy of the Federal Register Notice is also enclosed.

Sincerely,

George ear, Chief
Operating Peactors Branch //3
Directorate of Licensing

Enclosures:
1. Facility- Operating-

License No. DPR-63
2. Federal Regipter Notice
3. Amendment '<o. 8 to In'demnity

Agreement No. B-36 (2 copies)

cc: w/enclosures
Hr. Arvin E. Upton, Esquire
Legoeuf=, Lamb, Leiby & HacRae
1757 N Street, N. W.

Washington, D. C. 20036

Hr. Robert P. Jones, Supervisor
Town of Scriba
R. D. P4
Oswego, New York 13126

.Hiss Juanita Kersey, Librarian
Oswego City Library
120 E. Second Street
Oswego, New York 13126

Dr. William E. Seymour
Staff Coordinator
New York State Atomic Energy Council
New York State Department of Coamerce
99 Washington Street
Albany, New York 12210
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Uti?TED STATES

ATOMIC EIIERGY COMMISSION
ww.s>.'sc'ri. o c. zvsis

U. S. ATOlfIC E."iERGY CO~~IISSION

NIAGARA !0!Lhl.":: PO'~R CORPORATIO'.I

DOCKET NO. 50-220

FACILITY OP"-PETI'.;G LICr~lSE

License No. DPR-63

1. The Atomic Energy Commission (the Commission) has found that:

A. The application for "license, as amended, filed by the
Niagara l?ohawk Power Corporation (the licensee) conplies
with the standards and require..ents of the Ato .ic Energy
Act of 1954, as a-...ended (the Act),'and the Co-..;..issiori's
rules and regulations as set forth in 10 CFR Chap er I and
all required notifications to other agencies or bodies
have been duly,made;

Construction of the Nine Nile Point Nuclear Station Unit
No. 1 has been substantially co".~pleted in conformity with
Construction Permit No. Ci'PP;16 and the application, as
amended, the provisions nf the.Act and the rules and
regulations 'of the Co~i ss ion;

C. The facility will operate in conformity with the application,
as amended, the provisions of. the Act, and the rules and
regulations of the Commission;

D. There is reasonable assurance: (i) that the ac t ivit ie s
authorized by this operating license can be conducted
without endangering the health and safety of the public,
and (ii) that such activities will be conducted in
compliance with the rules and regulations of the Commission;

E. The licensee is technically and financially qualified to
engage in the activities authorized by this operating
license in accordance with the rules and regulations

of'he

Commission;

F. The licensee has satisfied the applicable provisions of
10 CFR Part 140 "Financial Protection Requirements and
Indemnity Agreements" of the Commission's regulations;

h

G. The issuance of this full-term operating license will not
be inimical to the corrmon defense and security or to the
health and safety of the public;



H. After weighing the environmental, economic, technical, and
other ben" fits of the facility against environmental and
other costs and consider=ng available alter.ative, the
issuance of the full-tera Facility Operating License
No. DPP.-63 (subj ect to the conditions for, protection of
the environment set orth herein) is in accordance with

'ppendix D, 10 CFR Part 50 of the Co~i.ssion's regulations andall applicable requirements have been satisfied; and

X. The receipt, possession, and use of source, byproduct and
special nuclear material as authorized by this license
vill be in accordance with the'ommission's regulations in
10 CFR Parts 30, 40 and 70 including Sections 30.33,
40. 32, 70. 23 and 70. 31.

2. Facility Operating License No. DPR-63 is hereby i sued to the Niagara
Mohawk Pover Corporation to read as follows:

A. This license applies to the Nine Mile Point Nuclear
Station Unit : o. 1, a ingle cycle, forced circulation,
boiling light water reactor, and a sociatcd equip. ent (the
facility), owned by the Niagara Moi:avk Pover Corporation.
The facility is located on the Nine Mile Po.nt site on the
southeast ..hore of Lake Ontario in Osvego County, .".ew York
and is described in the "Final Safety Analysis Report" (with
its Amend=.ents Nos. 3 through 13 and its Supple.".ents Nos. 1
through 10) a.".d the ".Environmental Report" (vith its
Supplenents Nos. 1 through 3).

B. Subject to the conditions and requirements incorporated herein,
the Co~ission nereby licenses the Niagara Mohavk Power
Corporation:

(1) Pursuant to Section 104b. o'f the Act and 10 CFR Part 50,
"Licensing of Production and Utilization Facilities",
to possess, use and oper'ate the facility 'at the designated
location in Oswego County, '. ew York, in accordance
with the procedures and limitations set forth in this
license;

(2) Pursuant to the Act and 10 CFR Part 70, to receive, possess,
and use at any one time up to 3800 kilograms of contained uranium
235 in connection with operation of the facility;

(3) Pursuant to the Act and 10 CFP. Part 30, to
receive, possess, and use in'onnection with operation
of the facility 24 curies of Cobalt 60 as a sealed
source; 430 millicuries of cobalt 60 as two sealed
sources of not more than 400 millicuries and 30



.
nillicuries each: 500 =icrocuries of Cobalt 60
as five sealed sources not to .emceed 100 "icrocuries
each; 101 r."illicuries Cobalt 60, 3 millicuries
Strontium 90, 101 millxcuries Eodine 131, 102
millicuries Cesium 137, and 13 millicuries or any.
byproduct material with Atomic Nos. between 8 and
83., inclusive, in any ch=-'cal and/or physical
form; 25,000 curies Anti...ony 122-124 as ten sealed
sources not to e:<c ed 2,500 curie each; and six
curies Americium 241 as a sealed source; and

(4) Pursuant to the Act and 10 CFR Parts'30 and 70,
to possess, but "not separate, such byproduct and
special nuclear materi .ls a may be produced by
the. operation of the facility.

C. Thi" license shall be deemed to contain and is subject to
the conditions specified in the following Cou"aission regulations
in 10 CFR Chapter 'I: P"rt 20, Section 30.34 of Part 30;
Sdction 40.41 of Part 40; Section 50.54 and 50.59 of Part 50;
and Section 70.32 oi Part 70. The license is subject to all
applicable provisions of the Act and to the rules, regulations, and
orders of the Co.".~ission now or hereafter in effect and i" also
subject to the additional conditions specified or incorporated
below:

(1) Ha@inurn Power Level

The licensee is uthorized to operate the facility at
steady state reactor core po.:er levels not in excess of
1S50 megawatts (ther-al).

(2) Technical S ecifications

The Technical Specifications contained in Appendices A
and 8 attached hereto are hereoy incorporated in this
license. The licensee shall operate the facility in
accordance with the Technical Specifications.

D. This license is subject to the following additional conditions
for the protection of the environment:

I

(1) The licensee will complete construction of' new radwaste
facility in confor..ance with the design defined and evaluated
in the FES, to be operational no later than June'1976.

(2) Pursuant to Section 401(d) of the Federal dater Pollution
Control Act Amendments of 1972, this permit is subject to
the requirements set forth in a certification'dated
April 9, 1974, issued to the licensee by the State of New
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York. Inclusion of the State requirements herein shall
not relieve licensee of its obligation to obtain
Commission approval, pursuant to the Act and regul'ations

,promulgated pursuant-thereto, of any, intake or-discharge
design which may ultimately be required by the State of
New York.

(3) .Pursuant to Section 402 of the Federal Vater Pollution
Control Act Amendments of 1972, this permit is subject to
the requirements that will be set forth in a certification
to be issued to the licensee by the Envirom:=.ntal Protection
Agency (EPA). Inclusion of the EPA require .ents herein
shall not relieve licensee of its obligation to obtain
Corxaission approval,.pursuant to the Act and regulations

- promulgated .pursuant thereto, of any intake or discharge
design or alternate heat dissipation system which may ultimately
be required by the. Environmental Protection Agency.

Thi licen e is effective as of the date of issuance and shall expire
on April 11, 2005 'OR

TtE ATONIC L- l"RGY CO: fISSIO:l

A. Giambusso, Deputy Director
for Reactor Projects

Directorate of Licensing

Attachment:
Appendices A S B-

Technical Specifications

Date of Issuance: pecenber p6, ]974



U. S. ATO'.!IC ='."E?GY CO'.~lISSTO'.l

DOCKET NO.. 50-220

NIAGARA MO!~U":~ PO'4'ER CORPO?~XTION

(Nine Mile Point ."uclear Station Unit '.lo. 1)

'NOTICE OF ISSUA.'CE OF A FACILITY OPERATING LICE!USE

Notice is hereby given that the U. S. Atomic Energy,C~ission (the

Commission) has issued Facility Operating License No. DPR-63 to Niagara

Mohawk Power Corporation'the licensee) authorizing operation of the Nine

Mile Point Nuclear Station Unit No. 1 at'steady state 'reactor core power

levels not in excess of l850 megawatts (thermal), in accordance with the

provision of the license and the Technical Sp'ecifications. The Nine Mile

Point Nucl'ear Station Unit No. 1 is a boiling light water r'eactor located

on the Nine Mile Point site on the southeast shore of Lake Ontario in

~
~

~Oswego County, ".ew York.

The Nine Mile Point Nuclear Station Unit No. 1 has been operated

since August 22, 1969, under Provisional Operating License ? o. DPR-17.

Facility Operating License No. DPR-63 supersedes Provisional Operating

License No. DPR-17 in its entirety.

Notice of Proposed Issuance of Full-Term Operating License was

published in the FEDERAL REGISTER on December 5, 1972 (37 F.R. 25870) .

The full-term operatin license was not issued previously, pending review

of the environmental considerations required by the September 9, 1971

revision of Appendix D to 10 CFR Part 50. The Regulatory staff has

completed its revier'nd the Final Environmental Statement was issued

in January, 1974 (notice of which was published in the FEDERAL REGISTER
I

on January 25, 1974 (39 F.R. 3309) .



The application for the full-term operating license complies with

standards and requirements of the Atomic Energy Act of 1954, as amended

(the Act), and the Commission's rules and regulations. The Commission

has made appropriate findings as required by the Act and the Commission's

'rulc and regulations in 10,CFR Chapter I., which are set forth in the license
4'he liccn e is effective as of it" date of issuance and shall expire

on April ll, 2005.

For further information concerning this action, see (1) the licensee's ''
application foe a full-term operating license notarized June 27, 1972,

~accompanied by the licensee's Environmental Report, (2) Amendment Nos. 1, 2

and 3 to the application for the full-term operating license dated November 2

1973, and Narch 14 and April 24, 1974 respectively, (3) applications for
J

amendments to license notarized September 26 and November 18, 1974,

(4)'he Commi sio»'s Draft Envir'onmental Statement dated June 3, 1973,

(5)'he Final Environmental Statement dated January 21, 1974, (6) Facility

Operating License No. DPR-63, complete with Technical Specifications

(Appendices A and b), '(7) the related Safety Evaluation prepared by the

Directorate of Licensing dated July 3, 1974, (8) the report of the

Advisory Committee on. Reactor Safeguards dated September 10, 1974, and

(9) Supplement 1 to the Safety Evaluation prepared by the Directorate of

Licensing dated November 15; 1974, which are available for public inspection

at the Conmission's Public, Document Room at 1717 H Street, N. W.

Washington, D. C., and at the Oswego City Library at 120 East Second
I

Street, Oswego, New York.



A copy of items (5), (6), .(7), (8) and- (9) may be obtained upon requ st

addressed to the U. S. Ato~5.c Energy Co."~ission, Washington, D. C. 20545,

Attention: 'Deputy Director for Reactor Projects, Directorate of'icensing—

Regulation.

Dated at Bethesda, ilaryland, this 26<hday of December, 1974.

FOR TllE ATO!fIC E'.BARGY CO!~lISSEO'.l

Operating Reactors Branch 83
Directorate of Licensing





APPENDIX C

STATION

THERMAL LIMITATIONS

ENVIRONMENTAL TECHNICAL SPECIFICATIONS
of facility operating license (DPR-63)





LIMITING CONDITIONS FOR OPERATION

Thermal

Maximum igT Across the Main Condenser

OB JECTI VE

The purpose of this Specification is to limit the thermal stress to
the aquatic ecosystem by. limiting the maximum aT across the condenser.

SPECIFICATION

Maximum aT across the main condenser during normal Station operation
'hallbe limited to 32 F. If during normal Station operation the main

condenser aT exceeds 32 F for a period of eight hours in any given 24
hour period the cause of this deviation shall be investigated and
positive aetio'n shall be taken to reduce the aT to within the
Specification. Positive action also shall be taken to prevent any
such deviations in the future. In addition, a report shall be
submitted in accordance with Section 5.6.2.

MONITORING RE UIREMENT

The main condenser ~T shall be monitored and recorded once per hour.

The temperatures at the main condenser inlet and in the screenwell
bay (upstream from the discharge tunnel) shall be monitored by two
RTD's in each location. The RTD's shall be accurate to 0.5 F. The
difference of these temperatures, hT1, shall be computed. A aT1 of
31.2 F corresponds to the bT Specification of 32 F, because the water
in the screenwell bay is a mixture of main'condenser cooling water
and service water . The redundant temper'ature sensors provide backup
monitoring in the event of sensor failure.

BASES

Nine Mile Point Unit 1 holds a permit from the New York State Department

of Health to discharge cooling water to Lake Ontario when operating with
a maximum aT across the main condenser of 32 Fl. Lake studies and

operating experience indicate that mortality of plankton, eggs, and

larvae entrained in the condenser will n~t have a significant effect on
the populations of the species involved.

Station service water flow is 40 cubic feet per second (cfs), with a

maximum temperature rise of 20 F. When the main condenser flow of 557 cfs
wi th a maximum temperature rise of 32 F is mixed with the service water
flow, the maximum temperature rise of the combined flow is 31.2 F.



2.1.2 Maximum Discharge Temperature

NOT APPLICABLE

'2.1.3 Maximum BTU Per Hour

NOT APPLICABLE



Rate of Change of Discharge Temperature

OB JECTI VE

The purpose of this Specification is to limit the temperature changes
to which fish in the discharge plume may be subjected during normal
Station startups, shutdowns, and power level changes.

SPECI FI CATION"
I

The discharge temperature shall not be changed by more than 18,F in any
hour. This Specification shall not apply to temperature changes
occurring during forced shutdowns, or to the temperature increase-
at the intake resulting from flow reversal.

MONITORING RE UIREMENT

Discharge temperature shall 'be monitored.and recorded hourly'as
provided in the Monitoring Requirement of Section 2.l.l.

BASES
I I

The cooling water discharge is diluted by a factor of at least 2.5
'sit rises from the submerged discharge ports, outside of a conical

volume of 100 foot maximum radius extending from the discharge
structure to the lake surface. Therefore, outside of this volume,
an 18 F per hour discharge temperature change would result in a
maximum lake water temperature change of 7 F per hour. Moreover,
while the specified rate of change may be reached in the first hour
of a shutdown or power change, the rate will be less than l0 F per
hour in subsequent hours. This would produce a 4 F per hour change
in the lake, as described above.

Fish in Lake Ontario experience natural lake water temperature changes
of 6 to 9 F per hour with a frequency greater than the expected
frequency of changes induced by the Station. In 1974, for example,
temperature drops of 9.5, 8.5, and 6.5 F per hour were recorded in
the Station logs on July 29, September 3, and August 15, respectively.

12



Heat Treatment of Circulating >later System

OBJECTIVE

To limit the thermal stress to the aquatic ecosystem by limiting
the circulating water temperature increase over lake ambient
temperature resulting from tempering and reverse flow procedures.

0

S P E C I F ICAT ION

When the ambient lake temperature is between 32 F and 50 F, the
discharge temperature shall not exceed the ambient lake temperature
by more than 50 F, except during reverse flow operations. At no-
time during tempering, except during reverse flow operations, shall
the discharge temperature exceed 82 F.

Following a flow reversal, the discharge temperature shall not exceed
the ambient lake temperature by more than the following values:

70 F for the,first hour following flow reversal
60 F for the second hour following flow reversal
50 F two hours following flow reversal and thereafter

MONITORING RE UIREHENT

The discharge temperature shall be'monitored and recorded hourly a
provided in the Monitoring'Requirement of Section 2.1.1.

BASES

when lake temperature is less than 50 F, part of the discharge flow in
the screenwell is recirculated to the i.ntake to maintain condenser
inlet temperature between 40 F and 50 F. This pr'ocedure is known as
"tempering." The maximum circulating water temperature rise due to
tempering is 18 F, and occurs when the lake temperature is 32 F. When
this is added to the 32 F maximum condenser temperature rise, the
maximum rise is 50 F over ambient lake temperature. Haintaining the
condenser inlet temperature at no more than 50 F during tempering
ensures that the discharge temperature will not exceed 82 F during
tempering.

The amount of tempering is controlled by moving a gate in the screenwell
and is normally adjusted to maintain the optimal condenser inlet
temperature of approximately 45 F. The gate can be adjusted to achieve
this temperature within an error of approximately 5 F.



2.1. 5 (Cont'd)

Flow reversal is required to correct i'ntake icing at low intake
temperatures. Flow reversal is also required to return. to normal
flow operations from reverse flow operations.

Prior to flow reversal Station power is reduced to approximately 75
percent power or less. Reversal is achieved by moving gates in the
screenwell. Immediately after flow reversal, heated water in the
discharge tunnel at essentially the condenser outlet temperature is
drawn through the condenser. The reverse flow configuration also
requires that some tempering be continued. Accordingly, the 70 F

maximum difference between discharge temperature and ambient lake
.temperature,was determined taking into account the elevated intake
water temperature, a temperature rise due to tempering, and the
copdenser rise.

All of the heated water contained in the discharge tunnel at the
time of flow reversal passes through the condenser within approxi-
mately 6 minutes. Operating experience has shown that dilution of
the heated lake water near the discharge structure, sufficient to
achieve a discharge temperature no more than 60 F higher than the
ambient lake temperature, occurs within one hour after flow reversal.
Within two hours the lake temperature near the discharge structure
is essentially the ambient lake. temperature. Therefore, the
discharge temperature can be maintained within 50 F above the
ambient lake temperature subsequent to this two hour interval.

Operating experience has shown that reverse flow is required less
than five times each winter.
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