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SUMMARY OF FINDINGS

1. The Oswego Unit 5 station has just begun operation., It has a sub-
merged offshore intake with a design and location similar to the operating
Units 1~4 intake. The flow rate and intake velocity are lower for the

Unit 5 intake than for the Unit 1-4 intake. l .

2. The frequencies of currents alongshore determined from data col-
lected in the Oswego vicinity leads to a natural selection of the two
adjacent water body segments shown in Figure S-1. These segments are :
used as receiving water body segments for quantitative impact descrip~ 3
tions. .

The existing intakes near Oswego Unit 5 include the Nine Mile Point ° ‘ :
Unit 1, the James A. FitzPatrick, and the Oswego Units 1~4 intakes. :

" A potable water intake 1is located about a mile offshore at Oswego.

3. Baseline studies have been conducted in the Nine Mile Point - g
Oswego area since 1963. The studies at Oswego in 1972, 1973, and 1974 :
describe the communities present at the site. There are no ecological ’
features of the area which are unique relative to Lake Ontario as a

whole,

4, The representative important species selected by the EPA include
Gammarus sp., alewife, coho salmon, brown trout, rainbow smelt, three-
spine stickleback, smallmouth bass, and yellow perch., Life history
information for these species and for spottail shzner and white perch
are presented,

.
N

5. Studies of mortality of entrained organisms support an assumption
of less than 100% mortality of entrainable organisms. To assure an
over estimate of potential impact this demonstration assumes 100%
mortality.

6. The de31gnated c1rculat1ng water system, water body segments, and
representative species are used to define impact matrices. The matrix
elements computed are listed in Tables S-~la and S-1b and 1nc1ude'

(1) Larvae and gammarus entrainment by Unit 5 for those representati&e
species whose larvae are found near the site in segment 1.

(2) Cumulatlve larvae and gammarus entrainment by all plants operating
in segment I.

(3) Cumulative larvae and gammarus entrainment by all stations
operating in the Oswego area (water body segment II).

(4) Impzngement cropping in segment I by Unit 5 and by all five
units in segment I, and cropping by all 'stations operating
in segment 1I,

»
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All Plants on Segment II

All Plants on Segment I

Unit 5

TABLE S~la

SUMMARY OF LARVAE ENTRAINMENT CROPPING

Species

Alewife
Rainbow smelt
White perch
Yellow perch
Flow basis

Species

Alewife
Rainbow smelt
White perch
Yellow perch
Flow basis

on Segment I
Species

Alewife
Rainbow smelt
White perch
Yellow petch
Flow basis

% Cropping Range

0.05-0.25
0-1.13
0-0.09
0-1.69
0.6

% Cropping Range

0.73-2.97
0-3.26
0-2.76
0

1.5

% Cropping Range

0.33-1.35
0-1.48
0-1.25
0

0.7.
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TABLE S-1b
“ SEASONAL IMPINGEMENT CROPPING

SEGMENT I ,SEGMENT II, ALL STATIONS
-SPRING . SUMMER SPRING SUMMER

SPECIES UNIT 5 UNITS 1-5  UNIT 5 . UNITS 1-5

CROPPING  CROPPING  CROPPING  CROPPING
Alewife 7.69 5.92 0.38 o8 —371 1.73
Rainbow Smelt 1.72 3.79 . 0.25 0.54 1.43 1.71
Spottail Shiner 0.07 0.15 0.34 0.75 0.24 _ 0.16
White Perch 0.04 0.09 0.09 0.19 0.41 . 0.29
Yellow Perch 0.42 0.94 0.09 0.20 " 0.23 0.10
Smallmouth Bass . 0 . 0 0 0 0.11 0.01
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7. The cropping of larvae and Gammarus fasciatus ranges from 0 to
1.69% of these planktonic organisms which drift alongshore through
segment IT with all plants operating, The comparable cropping by
all plants in segment I is 0 to 4.74% of the drifting organisms.
Cropping of fish by impingement is maximum for alewife and ranges
from 1.73% in summer to 3.41% in spring in segment II, and from
0.84% in summer to 5.92% in spring for all plants operating in seg-
ment I.

8. It is concluded that intake operation, evaluated assuming 100%

gy nsgeveye

mortaility of entrained organisms
sults in minimal removal of these
segments, Hence operation of the
affect the representative aquatic

(larvae, gammarus, or fish) re-
organisms ‘from the flow through the
intake for Unit 6 will not adversely
environment even in combination with

.

existing intakes in the area.







I. INTRODUCTION

A. BACKGROUND

The construction of Niagara Mohawk Power Corporatlon s (NMPC) Oswego Steam
Electric Generating Station Unit 5 began in :1971. The station has just
begun operation at about 75% of full load and is expected to achieve

full station electrical output of 850 megawatts (MWe) in late 1976,

The effects of the discharge of heated effluent from this facility upon
Lake Ontario are discussed in detail in the 316(a) demonstration for
this plant. Niagara Mohawk submits herein information on the Oswego-’
Unit 5 intake system providing delineation of the potential stresses

" of entrainment and impingement associated with facility operation and

an assessment of these stresses wzth regard to the selected representative
important species.

B. DEMONSTRATION APPROACH AND RATIONALE

Since Oswego Unit 5 s intake commenced operating during 1975, the
impingement and entrainment effects must be predicted. Aquatlc studies
have been conducted in the Oswego-Nine Mile Point vicinity since 1963.
Impingement and entrainment data have been collected from the intakes
of Oswego Units 1-4 and Nine Mile Point Unit 1 over a sufficient period
of .time and in sufficient detail to enable prediction of the effects

of Oswego Unit 5. The results of these studies (prev1ous1y submitted
to the EPA) are utilized throughout this document.

The information provided in this document will permit the EPA to evaluate
the effects of the operation of the Oswego Unit 5 intake facility.

It is demonstrated. that the operation of the intake facility will not
adversely affect the representative aquatic environment and that the
operation of the intake fac111ty, when cumulatively combined with operation
of other cooling water systems in the adjacent water body segments,

will not cause harmful impact to the aquatic environment.

C. FORMAT OF THE DOCUMENTATION .

In the development of the document, Nlagara Mohawk has taken a logical

step-by-step approach to the demonstration methodology. Sections of
the report that were presented in the 316(a) submission for Oswego Unit
5 are not repeated in this document.

Chapters II through V provide the basis for the impact assessment pre-

sented in the submission. Chapter IIL presents a detailed description
of Oswego Unit 5.

I-1
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Chapter III describes the hydrographic characteristics of the near
and far field. A description is provided of the temperature struc-
ture in the lake and the vicinity of Oswego, the topography and
geology of the lake bottom in the vicinity of Oswego, the general
lake circulation patterns, and the local currents at the site,

The characteristics of the existing major intakes in the vicinity
of Oswego are provided in this chapter. Based on these data, a
rationale for determining water body segments is developed. This
chapter presents this rationale and describes the characteristics
and limits of the water body segments.,

Chapter IV describes the circulating water system for Oswego Unit 5.°
Chapter V summarizes the "2ssential characteristics of the biological
community found in the Oswego area. The abundance, species compo~-
sition, and distribution of the biota prior to power plant operation
is delineated through the baseline information gathered in studies
at the Oswego and other plants in Lake Ontario, Major biological
groups present are considered, in conjunction with the factors which
have been shown to.affect these aquatic populations, in order to
assess the operational effects upon the aquatic ecosystem.

Chapter VI presents a discussion of the representative important
species selected by the EPA and transmitted to Niagara Mohawk by
letter dated August 11, 1975 and other species considered in the
demonstration. The basis for selection of each species is discussed
and data on the characteristics of each species are provided.

With the data base presented in the previous chapters, Chapter

VII considers the thermal, physical, and chemical ‘impacts resulting
from operation of the Oswego Unit 5 intake and circulating water
system,

The predicted impacts for Oswego Unit 5 on the aquatic biota within
the water body segments is quantified and discussed in Chapter

VIII. The basis for the conservative evaluations are presented.
Included in this chapter is an evaluation of the effects of' impinge~
ment and entraimment, including cumulative effects, of Oswego Unit 5.

*
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w . II. STATION DESCRIPTION

.....
.....

Information relative to the station description is presented in

chapter II of the 316(a) submission for Oswego Unit 5. The reader -
is referred to this document for a detailed description of Oswego
Unit 5. ‘

L
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11I. BASELINE HYDROGRAPHIC CHARACTERISTICS

A, INRODUCTION

Most of the information relative to the baseline hydrographic
characteristics germane to evaluation of the Oswego Unit 5 cir-
culating water system is presented in Chapter III of the 316(a)
submission for that station. This information is not presented
herein and the reader is referenced to the appropriate sections
of the 316(a) submission.

B., GENERAL FEATURES OF LAKE ONTARIO

See 316 (a) submission Clrapter III, section B.

C, SITE FEATURES

See 316(a) submission Chapter III, section C.

D. OTHER EXISTING.WATER INTAKE SRUCTURES IN THE OSWEGO VICINITY

1. Oswego Water Supply

The city of Oswego's water supply intake is located about a mile
west of the Unit 5 water intake, and some 1890 m (6200 ft) out into

‘the lake, at a depth of 16.5 m (54 ft). Water withdrawal from the

lake in 1970 was 17 mgd (26,30 cfs, 0.749 m~/sec) for the city ]
of Oswego and 36 mgd (55.70 cfs, 1,581 m~/sec) for the Metropolitan
Water Board of Onondaga Cognty, a combined maximum capacity total
of 53 mgd (82 cfs, 2.327 m”/sec). ’

2. Oswego Steam Station Units 1-4

The Oswego Power Plant's Units 1~4 have a maximum output of 407
megawatts. These units were constructed during the period 1938
to 1956.

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

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

Harbor breakwater and 450 ft (137.2m) sout%eaét of the Oswego Unit
5 intake. A flow of up to 762 cfs (21.58m”/sec), when operating
at the maximum capacity rating, is circulated through the condensers

of the four units. Table III-]1 shows some of the hydraulic character-

jistics of the intake of the existing units compared with Oswego
Unit 5. ‘ '

ITI-1
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TABLE III-1

. ] INTAKE CHARACTERISTICS FOR OSWEGO UNITS 1-4,
NINE MILE UNIT 1, FITZPATRICK UNIT AND OSWEGO UNIT 5
Oswego Nine Mile FitzPatrick  Oswego
Parameter Units 1-4 Unit 1 ; Unit Unilt 5
| ¢
Design Flow 762 cfs » 635 cfs ’ 825 cfs 635 cfs :
21.58m3/sec . 17.98m3/sec " 23.36m3/sec  17.98m3/scc. : .
Maximum approach * 1.30-1.75 fps 1.9 fps 1.2 fps - 1.0 'fps
Velocity to the 0.40-0.53m/sec 0.58m/sec 0.37n/sec 0.30m/sec
Intake . -
Maximum Velocity 3.2 fps - 2.0 fps . . 1.4. fps . 1.2 fps
through Intake Bars 0.98m/sec 0.61m/sec 0.43 fps 0.37m/sec
Maximum Approach " 0.94 fps 0.85 fps - 0.97 fps
Velocity at Travelling 0.29m/sec 0.26m/sec 0.30m/sec

Screens




Pl
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3. Nine Mile Point Unit 1

The Nine Mile Point Nuclear Station Unit 1, which has been in oper- ' %
ation since 1969, uses a boiling water reactor to provide 610 MWe :
(net) of electrical power.

The cooling water for Unit 1 is taken from the lake into a hexagonal
intake structure located in a water depth of approximately 18 ft,
about 850 ft from the shoreline. The flow characteristics .are
outlined in Table III-1, in which they are compared with those

of the Oswego Units,

4., James A, FitzPatrick.Nuclear Power Plant

The James A. FizPatrick Nuclear Power Plant, which has been in
50% to 80% operation since July 1975 uses a boiling water reactor
to provide 821 MWe (mnet) of electrical power.

The cooling water for the unit is taken from the lake into a pre-
shaped intake structure located in a‘water depth of 26 ft (7.92m)
about 900 ft (274.3m) from the shoreline. The flow characteristics
are outlined in Table III-1 in which they are compared with those
of the Oswego Units. Due to-the distance of about 7 miles

between the Nine Mile Point and Oswego Units, no interacting effects
are expected at the intakes.

é. WATER BODY SEGMENT IDENTIFICATIONS

See 316(a) submission Chapter III, section E.

I11-2






IV. LOCATION, DESIGN AND CAPACITY OF INTAKE FACILITY

A, DESIGN OF INTAKE STRUCTURE

.....

Circulating water for Oswego Unit 5 is taken from Lake Ontario via

a submerged inlet, circulated through the condensers, and returned

to the lake through a submerged jet diffuser. Figure IV-1 shows the
locations of intake and discharge structures in Lake Ontario. The
intake structure is hexagonally shaped and located approximately 850
ft (259.1 m) from the existing shoreline.

At the low water datum of 243 £t (74 m) (International Great Lakes
Datum, 1955), the water is 22 ft (6.7 m) deep and the clearance between
the top of the intake structure and the water surface is 12 ft (3.66
m). Details of the intake structure are shown in Figure II-2.

The pertinent dimensions of the intake structure include a 3 ft (0.91

m) sill at the bottom to prevent silting of the intake, a 2 ft (0.61

m) roof thickness, and a 5 ft (1.52 m) high by 21.2 ft (6.45m) aperture

on each of the six sides. Each intake aperature is equipped with heated
- bar racks to prevent the formation of frazil ice. The intake is de-
= signed so that the horizontal approach velocity will be 1.0 fps (0.3
= m/sec) when the generating unit is operated at maximum output. There
o is negligible vertical approach velocity. .
Oswego Unit 5 requires a total circulating water flow of 635 cfs (17.98
m~/sec) when the plant is operating at maximum output. ,The temper-
ature of the condenser cooling flow of 546 cfs (15.46 m™/sec) is raised
32.4°F (18°C), while the temperature of the service water flow of 89
cfs (2.52 m”/sec) is raised 5°F (2.8°C). Thus, 635 cfs is discharged
from the unit at a maximum temperature rise above lake ambient of 28.6°F
(15.9°C). Total heat emission to the lake is 4.09 billion BTU per hour
at full station load.

The circulating water system as described has been analyzed in terms

- of time required for flow between key- operational features. Table IV-1
summarizes the time and the temperature of the flow as it progresses
through the circulating water system. An entrained organism is exposed
to significant temperatures above ambient for a maximum of 4.4 minutes
under conditions of maximum generation and heat dissipation.

pere
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-----
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Table IV-1

Time-Temperature Through Circulating
Water System, Maximum Heat Rejection

Seconds f,'Above Ambient °F

F i
Intake to pumps . 108 ‘ 0 0
Pumps to screenwell R 27,7: ‘ 1 0.6
Screenwell to condenser ™ 833 . o 1 0.6
Through condenser S 8.6 1°~32,4 0,6-18.0 3
Condenser ,to screenwell 83.3 32°é 18 .
Screenweil to diffuser. .o E . £73 , 28.6°F 15.9
Total o o L 483.9 (8.07 minutes)

Total time of exposure to elevated iémperatures - 264.9 seconds
(4. 42 minutes).

B. ENVIRONMENTAL ASPECTS OF THE INTAKE AND SCREENWELL DESIGN
AND LOCATION

As described prevzously, the 1ntake aperture is des1gned so that
water velocities at maximum statiom output is 1.0 fps (0.3 m/sec) and

* the flow into the intake structure is in the horizontal plane., This

latter point is significant because investigations (Adams, 1968; Zeller
and’ Rulifson, 1970) kave shown that fish can better avoid horizontal
inflows than vertical ones. 1In addition to controlling the approach
velocity to the intake and the flow patterns into the structure, other
precautions were taken in the design and location of the intake structure
in order to ensure adequate fish protection. The Oswego Unit 5 intake
structure is fitted with a velocity cap which prevents direct vertical
flow and the creation of a vortex or "drawdown' area in the lake. By
preventing the vertical flow, the stucture design increases flow in

the horizontal plane, extending somewhat the distance from where horizon-
tal flow begins. It has been calculated that under calm current con-
ditions (not usually observed in the Oswego area) the intake flow velocity
approaches the characteristic current approximately 30 m (100 ft) from
the intake port face.

1v-2
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The location of the intake was selected considering potential impacts
of the intake operation. No differences in the aquatic community a-
mong alternative locations have been discernéd, hence the location of
the intake structure relative to the diffuser was selected to minimize
recirculation of the Oswego Unit 5 discharge. Recirculation could de-
crease plant efficiency as well as attract fish to the intake area.

A series of hydraulic model 1nvest1gat1ons were conducted to determine
the optimal locations for the structures in Lake Ontario. The hydraulic
model results showed that, with the intake located in relation to the
discharge as shown in Figd?e IV-1, recirculation of heated water from
Oswego Unit 5's discharge was negligible (K1°F). The conditions simu-
lated in the model included lake currents from the west and northeast,
zero lake current, high and low Oswego River flows, and a range of lake
ambient temperature conditions,

The maximum approach velocity to the Oswego Unit 5 intake is estimated -
to be 1 fps (0.3 m/sec) with a maximum velocity through the intake bars

of 1.2 fps (0.37 m/sec). The screenwell of the Oswego Unit 5 intake is
desxgned so that the maximum approach velocity to the traveling screens

is 0.97 fps (0.30 m/sec).

The Oswego Unit 5 intake is designed to thhdraw up to 17.98 m /sec
(635 cfs) of lake water at full capacity. The water is drawn from a’
layer that is between 1.5 m (5 ft) thick (the height of the intake
opening) and the total thickness of the water column from surface to
bottom (8.6 m, 28 ft). If it assumed that a longshore current is pre-
sent a a characteristic speed of 5.2 cm/sec (0.17 £ps), then in the
extreme case of strong stratification, the required net flow is avail-
able from a zone less than 235 m (771 ft) wide.

In addition, the screenwell for Oswego Unit 5 is designed to allow
for installation of:a fish removal system. .

C. CHEMICAL WASTES

.

The cooling water condensers for Oswego Unit 5 are cleansed by the
abrasion of suspended solid material within the cooling water. As
a result, it 1s not necessary to introduce any condenser cleanlng
chemicals into the cooling water system.

1v-3






V. BASELINE STUDIES AND COMMUNITY COMPOSITION

Information relative to the baseline studies and the community
composition is presented in Chapter V of the 316(a) submission
for Oswego Unit 5, The reader is referred to this document for
a detailed discussion of this information. , :

.
-----







VI. SELECTION OF REPRESENTATIVE IMPORTANT SPECIES

Information.relative to the selection of representative important
species is-presented in Chapter VI of the 316(a) submission

for Oswego Unit 5. The reader is referred to this document for
a detailed discussion of this information.
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VII. POTENTIAL STRESSES AND IMPACTS OF THE CIRCULATING WATER SYSTEM

A. POTENTIAL ENTRAINMENT IMPACTS .

Once~through cooling of steam generating stations requires the

use of garge amounts of water, Oswego Unit 5 circulates 635 cfs
(17.98m"/sec). As a result of this processg, organisms living within
the water body from which the cooling water is withdrawn may be
subjected to a variety of stresses, The analysis of the effects

of these stresses on the aquatic community requires a knowledge

of three basic parameters of the community. They are:

1. the size and resiliency of the affected population,

2. the life stage, species, and numbers of organisms subjected
to the stress, and

3. the survival and viability of entrained organisms after
passage through the power plant,

Research on the balanced indigenous communities within the vicinities
of power plants has been aimed at describing the size of the indi-
vidual populations. The quantification of the life stages, species,
and numbers of organisms entrained relies on standard biological
monitoring of the entrained water, The groups of organisms usually
considered during the analyses of entrainment impact are the phyto-
plankton, zooplankton, and early life stages of fish, Experiments
have recently been conducted to determine the survival of entrained
organisms, and have shown that stress results from a combination

of factors, including:

1. heat dissipated through the condenser tubes into the
cooling water,

2. changes in hydrostatic pressure as the cooling water is
pumped through the system,

3. mechanical abrasion resulting from contact with pumps

. and tubing walls,

4, shear stress developed in the moving water,

5. chemical additives to the cooling water, and

6. changes in the partial pressure of gases within the water,

It has alt times been assumed that all of the organisms entrained
are killed, but this has been shown not to be the case, 1In fact,
for phytoplankton, there is a stimulatory effect during the cooler
months. It is only during the summer when the algae are existing
near their upper thermal tolerance point that the additiom of

heat becomes detrimental (Brooks, 1974; Gurtz and Weis, 1974; 1LMS,
1975;). Analyses of the effects of condenser passage on phytoplank-
ton are Tﬁually performed using the uptake of radioactively labeled
carbon (°°C), a test which measures a community response, That

is, this test determines the overall response of all species and
individuals within the sample. It is likely that some species

are selectively eliminated while the growth of other species is
enhanced, ’
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Studies of the effect of entrainment on zooplankton have revealed
similar results., Rarely does entrainment cause a 100% mortality
and the response of an organism is species-specific., Icanberry
and Adams (1974) found a high correlation between the temperature
rise through the condenser and the percent mortality of the zooplank-
ton. 1IMS (1975) has also found a correlation between temperature
rise through a power plant and the percent mortality of Bosmina,
copepod nauplii, and rotifers, There was also a relationship
noted between the length of time the organisms remained in the
condenser tubes, the number of abrupt turns in the system, and
organism mortality. Usually mortality estimates for zooplankton
range from 10 to 30% (Icanberry and Adams, 1974; Heinle et al.,
1974; Davies and Jensen, 1973, 1974; LMS, 1975).

L
For the purposes of this demonstration, the early life stages of
fish have been singled out as reprasenting the aquatic community.
The studies of fish egg and larval survival after passage through
a power plant have not been as useful in determining plant impact
as have heen the studies with phytoplankton and microzooplankton.
The problem is that the observed mortality of fish eggs and larvae
can be attributd to any one of three factors:

1. natural mortality within the population,
2. power plant induced mortality, and p
3. collection method mortality.,

Traditionally, the analysis of power plant induced mortality has

been accomplished through the collection of fish larvae with plankton

nets from the intake and discharge. This method is subject to

a major criticism, which is that the mortality associated with
the capture technique has not been factored out (Marcy, 1971; NYU,
1974).,

IMS (1975) found a positive correlation between the speed of water

through the plankton net and the percent mortality of striped bass

larvae., Thus, for power plants with a different water speed in

the intake and in the discharge, different mortalities due 'to water
speed alone can be expected,

For this reason laboratory studies have been conducted in which

the passage of organisms through the condenser system is simulated.
Studies have been performed on time-temperature relationships,
pressure effects, and shear and turbulence. NYU (1974) has shown
that rapid changes in pressure can adversely Pffect white perch
larvae,
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Mortality due to pressure changes is dependent upon the species, age,
and time of year as well as the factors previously mentioned. Coutant
and Kedl (1975) studied the survival of larval striped bass exposed to
fluid-induced and thermal stresses in a simulated condenser tube. They
found that the mortality was no greater than would be expected due to
temperature alone and that control larvae sufferéd the same percent .
mortality as experimentals at ambient temperatures. They concluded
that shear stress, turbulence, and mechanical damage encountered within
the condenser tube were not the causative factors of mortality and they
suggested that further research be done on the effect of mechanical
damage due to the circulating pumps. '

Mortality associated with.passage through entire power plant systems

* usually ranges from 10 to 30% for fish larvae. Plants with long dis-

charge canals which prolong the exposure of larvae to high temperatures
have a more severe effect, with mortalities as high as 100%. No un-
treated chemical wastes are added to the circulating water of Oswego
Unit 5, hence no mortality results from these additioms.

B. }OTENTIAL IMPINGEMENT IMPACTS

The placement of screening devices within the intakes of power plants
was intended to remove large particulates, including fishes, from the
cooling water flow. These screening devices effectively collect fish
from the intake water flow and carry them upwards and out of the water
mass. The fish are then washed off the screens and are either returned
to the water body or discarded. '

At Oswego Unit 5 all impinged fish are removed from the system, there-
fore, consideration of their potential survival after impingement is

not warranted. The analysis of the impact of impingement is discussed

in Chapter VIII wherein all fish impinged are considered to be permanently
removed from the parent populations. Should the fish be returned to

the water body, this impact would certainly be reduced. '

C. SUMMARY

Due to the many variables that exist one cannot reliably, at this time,

determine specific species mortality data for organisms entrained in

power plant circulating water systems. Lacking this species specific
data and reliable methods of obtaining it in the near .future Niagara
Mohawk has assumed in the analysis presented in Chapter VLII that all
organisms passing through the Oswego Unit 5 circulating water system
experience 100% mortality. Although this position is probably contrary
to fact, we believe it to result in the highest degree of conservatism
when evaluating the effect of the circulating water system upon the
aquatic community.
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VIII. IMPACTS OF THE INTAKE

A, INTRODUCTION

This chapter presents quantitative evaluations of the intake effects

on larval and adult forms of the representative important species des-
cribed in Chapter VI. The computations lead to cropping factors for

the two water body segments described in Chapter III. The assessments
presented herein are conservative estimates of impact in that 100%
mortality is assumed for all fish and entrainable organisms which enter
the lake intake. In chapter VII, however, are cited a number of sources
to. show that few species of entrainables suffer 1007% mortality.

All fish and larval data collected during 1374 were redgced to con-
centrations [number of organisms per 1000 m~ (35,288 ft™)]. Available
data include trawl, gill net, and beach seine collections. The fish
trawls collected low numbers of fish. The beach seines collected the
smaller fish which abouné in the nearshore waters. The large numbers

‘of fish and the high species diversity of the gill net collections in-

dicate that they sample a wide spectrum of species and the collections
are made in water depths commensurate with the water depth at the intake.
The larval and Gammarus data were collected by metered plankton tows.

This chapter is organized in a step-wise fashion. The evaluations are

presented in the following order: ,

1. The methods used in determining fish and larval concentrations
in the water body segments and in the intake flows.

2. The cropping in water body segment I of entrainable organisms
by the Oswego Unit 5 intake and by all five Oswego units.

3. The composite cropping of entrainable organisms in water body
segment I1 by all power stations operating in the area including
Oswego Units 1-5, Nine Mile Point Unit 1 and the James A. Fitz-
Patrick plant.

4. The cropping of impingable fish in water body segment I by
Oswego Unit 5 and Units 1-4.

5. The composite cropping of fish in water body segment II by
all stationms. :
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B. CONCENTRATIONS OF FISH AND LARVAE IN THE ADJACENT WATER BODY
. SEGMENTS

Catches from gill nets set in the vicinity of Oswego were used to
estimate fish concentrations in water body segment L. These data
combined with similar data for the Nine Mile Point area were used
.to estimate concentrations in water body segment I1. It is assumed
that gill net data are representative for six of the nine species

of concern: alewives, rainbow smelt, spottail shiners, white perch,
yellow perch, and smallmouth bass. Gill nets did not effectively catch
threespine sticklebacks, coho salmon, or brown trout. Threespine stick-
leback populations were calculated from other data as described later
in this section. Very few coho salmon or brown trout were collected
,in the field smapling programs and, therefore, no veliable estimates
of concentrations for thesa species are available.

Gill net data is recorded as catcg per twelve hour effort. The area
of each gill net (11.2 m™, 120 ft") and the sample period (12 hrs)

is known; however, because fish are swimmers, they are not generally
carried through the net by the ambient current. It was, therefore,
necessary to estimate swin speeds and to tr:at this as a flouw through
the net, that is, the catch is related to the swim speed as water
flow is related to velocity.

Two swim speeds were usad to provide concentration estimates, 2 cm/
sec (0.07 fps) and 12 em/sec (0.39 fps). These values encompass,

- within a width of two standard deviations, the average swim specd
for yellow perch and white sucker calculated from data collectwd by
Kelso (in press). It is realized that the average speed at which a
fish swims is dependent on a number of factors, e.g., the species,
size, age, temperatur=, etc; howevs:c, for the purposz of this demon-
stration the generalization was made that these six species swim at
speeds in the range cited. Further, it is realized that gill nets
do not catch all fish species with equal 2fficiency. WNevertheless,
the use of swim speed data and gill net catch per effort data allow
for a relative abundance estimate that 1s not available otherwise.
The lake coucentrations were calculated using a 2 cm/sec swim speed
for the six species.

Threespine sticklebacks were not caught in gill nets or trawls and
the swin speed approach described above was not possible.for this
species. This fish is territorial during the spawning period, and
this behavior is utilized to astimate its population. Threespine
sticklebacks spgwn in shgllow vegetated zomes and occupy an area

of about 0.42 m~ (4.5 £t°) (Black and Wooten, 1970). Divers work-
inz near the Oswvego station have reported that vegetation grows
over about 50% of the bottom to a depth of about 5-6 m (16-20 ft). °*
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If it is assumed that all of the available suitable area is occupied
by threespine sticklebacks, then the population estimate for three-
spine stickleback would exceed that of alewives by a factor of 25.
Therefore, the population is probably conservatively estimated if it
is assumed that only 1-10% of the available area is occupied. The
method .used in this report is to assume that 2% of the area is used
and that each terxitorial male is accompanied by a female,

The calculated concentration of coho salmon and brown trout (Tables
VIII-la and 1b) are zero or near zero due to the small numbers col-
lected in the field studies. New York State is currently stocking
these species, although theixr capacity for self-propagation in Lake
Ontario is doubtful and not documented. No concentrations are avail-
able for these species but recent annual stocking data are utilized.
In the absence of population estimates the stocking program serves

as a basis for comparison with the plant impact. In 1974 the state
stacked 42,000 brown trout and 500,000 coho salmon in Lake Omtario.

Larval concentrations were calculated by averaging all larval tow
data within a segment by month. The larval tows were conducted
with flow metexrs so that, unlike the gill net data, the larvae con-
centrations were calculated directly from field data. Only alewife,
rainbow smelt, white perch, and yellow perch larvae were collected
in the ichthyoplankton tows in the Oswego avea. The fish and lar-
val concentrations for lake water body segments I and II are pre-
sented on Table VILI-l,

C. CONCENTRATIONS OF FISH AND LARVAE IN THE PLANT

Because of the proximity of their intakes, Oswego Unit 5 is expected

to have similar species concentrations to those measured for the Oswego
Units 1-4 intake. The Oswego linit 5 intake differs from the Units ]1-4
intake in that the approach velocity is nearly 30% lower (1.0 fps versus
1.3 £ps), this reduction may reduce the concentrations of impinged fish,
In the absence of post operatiomal data however, the assumption is made
that concentrations are identical leading to conservative impact estimates.
The concentrations calculated for Oswego Units 1-4, and for Oswego Unit
5 are the number of organisms of a species impinged or entrained during
a4 sampling period divided by the volume of water that passed through

or will pass through the plant during that pexriod. The daily concen-
trations are averaged over a month (see Table VILI-2).

The magnitudes of impingement and entrainment are assumed to be the
product ot flow times concentration where concentrations in Units l-4
agd Unit 5 are assumed to be cqual. The flow for Oswego UniE 5 is 18.0
m~/sec (635 cfs) whereas the Oswego linits 1-4 flow is 21.6 m™/sec

(762 cfs) resulting in a proportionately lesser impact of Oswego Unit’

5 as compared with Oswego Units 1-4, )
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CONCENTRATIONS OF LARVAE IN THE LAKE -

a3ie

CONCENTRATION OF LARVAE IN THC WATER BODY SEGHMENT 1 .- 61$Lu fjpé

) (UNITS - NO PER THOUSAND CUB1C METERS) . ) - ) '
SPEC. JAN FER MAR APR MAY JUN JUIL, AUG SEP oCcT Hnov CEC
ALWE %% astsn hakaasas sxbannns 0.0 0.6 5.8366 21.5764 129.7529 4.0695 0.0 Akdadbih ahkaddns
RBSM  Absakdra sAdAbian Abikotnd 0.0 0.3000 2.5300 1,€432 0.2333 0.5667 0.0 AAAAANKE ARCba b
5psH AAAEAARRE AAAAAR G d AhRARRAR 0.0 0.0 0'0 0.0 0.0 0_0 0‘0 ARRRAAP LA Aphddhadk
TGS *ARARASR RANARAKR AOARARRR 0.0 .- 0.0 0.0 0,0 0.0 G.0 0.0 ARPRAANA bk ki omb Rk
nTPC AARARAAR ARRARRALE RAmohhdki 0.0 0.C 2.4157 0.5344 1.0500 0.0417 0.0 AXRRRARA RAAAKEE &
YLPC #A%2RRAR APhakRar whkhhhAg 0.0 1.6000 0.0 0.0 0.0 6.0 0.0 AkhkhAkak KRPARARR

- GBS *RANRARIK KARRAKAN AAAARAAR 0.0 0.0 o_b 0.0 0.0 0.0 0.0 hhAARAAL Ahhhhkadh
CHSL AARRssad AxAPSAAR RANAAAGSR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Ahahhhhh bbbtk
BNTT RAAAARAD SANARIRAAN LANRAAKA 0.0 0.0 0.0 0.0 0.0 9.0 0_0 ARkARARAR ARARARARSA
SPECIAL SYhBOL khansans  MEANS NO DATA
CONCENTRATION OF LARVAE IN THE WATER BODY SEGMENT 2
(UNITS - N0 PER THOUSAND CUBIC METERS)

SPEC.  JAN FEB HAR APR MAY Jon JuL AUG SEP ocT uov CEC

ALWE  Ataaaass 2asnxsas anessrsss 00 0.0 17.4203 191.6749 480.3027 6.5237 6.0 FARAARAN AEARRNER

RDSM *eaansas sansasrs shadasss  9.9971 39.7842 13.3340° 7.8914 1.1196 0.2834 0.0 AERANARG AASRRRRS

SPSH ARARXR2AS AAARARAR AAPAARAR 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0 ARRARKAR NRARKKAR

TSSD AAA*aaAr xssaasns ankirssr 0,0 0.0 0.0 0.0 0.0 0.0 9.0 ARARRAAT AR aan

WIPC A##sasas aasaehss asanssns 0,0 1.0000 10,2137  3.2648  4.5250 0.2209 0.0 ARARANAE RANRRARR

YLPC #4sasane sansnsss saasnsan 0,0 1.3000 0.5000 1.5206 0.0 0.0 0.0 KERAREEE ARANRRIS

SMBS AANAAAAN RARAARAN ARARRANA 0.0 0.0 "0.0 0.1250 0.0 0.0 0.0 Ahkkhhhhr ARk*Rbhhkn

CHSL *2ARsdan ARANRAAR ANRARARR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 RARKRNAR Rbh A hA

BNTT #*RARRAR RAANARANA ARKAAAAAR 0.0 0.0 0.0 0.0 0.0 0.0 AR ARk KRANKKkhkhk khkhkkhdasd

SPECIAL SYMBOL *##*#4a%  MEANS NO DATA
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TABLE VILII-1b :

CONCENTRATIONS OF FISH IN THE LAKE .

CONCENTRATION OF FISH IN THE WATER BODY SEGMENT 1 ‘ﬁfcc ‘;?iD
(UNITS - NO PER THOUSAND CURIC METERS)

ASSUMED SPEED OF FISH IN THE LAKE = 2 CM/SEC-

SPEC. JAN FEB MAR APR MAY - JUN JuL AUG SEP oCT ROV ) NEC

ALWF AA*%a2a% Abasasss aakanars 1.5313 2.2236 2.7773 2.5241 0.3151 0.1855 0.0129 **rasdad Aatdndin
ROSM ANKRakRs AAAKetAA AARRAAAR 0.5137 0.0112 0.0020 0.0 0.0 0.0060 0.0010 AArAkkde roehanaki
SPSH AAAAxads AAgdadnt RAskibn 0.0026 0.0066 0.0115 0.0072 0.0116 0.6543 0.0047 w*hadarkn™ahaasnsni
TGSD Shrhasxt AARREAEL AKAAEARA 0.0 0.0 0.0 0.0544 0.0 0.6 0.0 AEhARANSE KXAAARSE

WIPC Axxaress taxasass axsaasss  0,0430 0.0195 0.0517 0.0170 0.0283  0.0244  0.0143 *#xsassr sxxasasw
YLPC ##a#asas xaxaanax anasasss  0,0021 0.0046 0.0112 06.0017 0.0069 0.0073 0.0114 #wrsssux sessssss

SMBS  #AARRARA RAACRAAL RAARRARR 0.0021 0.0037 0.0072 0.0 0.0043 0.0004 0.0 RRAARKRR KEkAAARAR
CHSEL #AARAKRE *Rstadrds Ardndrar 0.0 0.0 0.0 0.0 0.0 0.0004 0.0 KAk harrA RARNKASR
BUTT #A#sshtn AARARE44 ARAARANS 0.0005 0.0 0.0004 0.0 0.0 0.0004 0.0 ARARRRWR RARRARES

SPECIAL SYMBOL #t#rtsxas  MEANS NO DATA

CONCENTRATION OF ¥FISHl IN TiE WATER BODY SECHMENT 2 . -
(UNITS -~ NO PER THOUSAND CUBIC METERS)
ASSUMED SPEED OF FISH IN THE LAKE = 2 CM/SEC .
SPEC. JAN FEB MAR APR MAY JUN JYL AULG SEP ocT tov DEC

DLWE #%as#aks aaxnaasy aeasrasst  1.0011  1.3070 1.5924 1.7116  0.3675  0.1597  0.0472 *#xssaak saxssans
RDSM A##asaas saaansas asrswxes 04153  0.0303 0.0046 0.0004 0.0004 0.G041  0.0044 saxerrun axbarusn :
SPSH ##a#asss asxsneras sxsasazs  0,0079 0.0122 0.0148 0.0182 0.0128  0.0127  0.0233 *rtrasts sarasins
TSSB ARRRRAAN AAARARAAE RAAAAKAR 0.0 0.0 0.0* 0.0274 0.0 0.0 0.0 RRAKRARKRA AAARKA AR
WTPC ##AAsAss asanssas axssasat  0,0238 0.0159 0.0343  0.0226° 0.0198 0.0284  0.013]1 *#x#asss sunwxsax
YLPC *Ashaass axahhars axsrsass  0,0040 0.0050 0.0117 0.0120- 0.0067 0.0078  0.0092 *##sasss kaarxsas
SMBS 4#A#aass asaxskans Axarsacst  0_0016 0.0027 0.0039 0.0008 0.0033 0.0026 0.0005 **#*xsar &aruasxas
C"Sb RARRRARAR ARRAANRAN ARARFIARA 0.0 0.0 0'0 0.0 0.0 0.0002 0.0 kA kAANRN Ahkhhkhkhkhh

BNTT AARAARAN RARAARAAR ARRAARAR 000003 0.0 0.0002 0.0 0.0 0.0002 0.0 Ak hhhk 'httt*tﬂﬁk

SPECIAL SYMBOL #*#arasas  MEANS NO DATA
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DTABLE VIII-2a

CONCENTRATIONS OF LARVAE IN THE INTAKES

CONCENTRATION OF LARVAE ENTRAINED AT THE O3WEGO PLANT - unI1

SPECIAL SYMBOL #tisszsx  MNEANS NHO DATA

TS 1 - 4
. (UNITS - HO PER THOUSAND cusIC HETéRS) )
SPEC, JAN FER MAR
APR MAY JuN JuL
' AUG
ALNE A %2220 ARaaAnadd ot badsn
RBEH w4 taexsr annnnita sanantng 0.0 0,0 2.8700 16.2500 220.8750
SPGIl A% kan Aradashr Asaannas 0.0 0.0 1.6250 3.6250 0.0
TSSH *hAaasan pasrandr rheastng g'g 0.0 6.0 0.0 0.0
WTPC A AASAhAR Santddns Anawantn 0’0 0.0 0.0 0.0 0.0
YLPC AXatatan ansarias dnstaten 0'0 0.0 0.0 1.0000 0.0
SMBS AAARARAA ANRAAAAD DadAnsaa 0'0 0.0 0.0 3.8750 0.0
CHOL #2242 0% Shthanat Susndsng 0.0 g’g g'g g.O 0.0
R& * . . .0 .
BNTT KAAKAMN AANZANANRE AdNpdbag 0.0 0.0 0.0 0.0 g.g
SPECIAL SYMBOL ***xssaa MEANS NO DATK
CONCENTRATION OF LARVAE ENWTRAINED AT THE NINE MILE POINT PLANT
. {URITS - NO PER THOUSAND CUBIC METERS)
.SPUC. JAN FEp JAR APR MAY Jyl JUL AUG
ALWE RASAANAN RAARRARE RAARNAANL ;ﬁltatti 0.0 0.0 146.0000 24.0000
RDBSM XANAAARE RAKAAMGES dadAAdaad AbAARAAR 46.0000 25.0000 27.0000 1.0000
sSPsil RAERREAAR AN RARAR ARRKARRAR bR AAOARA 0.0 0.0 3.0 0.0
ngg AAARARASE RAKARAAN AANSARAR RANAANDA 0.0 0.0 0.0 0.0
HTEC AA2%kAan AAAARAAS AOAANRRE AAARARRR 0.0 2.0000 0.0 0.0
YLPC R RASAR® ARRAAARE ARARNAAE RAMSNANK 0.¢ 0.0 5.0000 6.0
SUDS A*ARARAR ANPANRAR ARAKAFRR AAANROAR 0.0 0.0 0.0 0.0
CHSL AR*2AKAR AMARAARR AAASRARR SAPRANAS 0.0 0.0 0.0 0.0
BHTT APRANNAR RARRASAR AAARANAN SAAAARAR 0.0 0.0 0.0 0.0
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TABLE Veb ‘ e

CONCENTRATIONS OF FISH IN THE IMTAKES

CONCENTRATION OF FISH IMPINGED AT THE OSWEGO PLANT - UNITS. 1 - 4
(UNITS - NO PER THOUSAND CUSIC METERS)

DEC
SPEC. JaN FEB MAR APR MAY JUN JUL AUG SEP oCcT NOV o]

ALWFE 0.0080 0.0013 0.0010 9.5744 10.3791 5.4063 1.9120 0.8960 0.37:2 g.égéi g.gggg g:gggg
RBSM 0.01€9 0.0526 0.1399 0.6142 0.6705 0.0394 0.0011 0.0 0.0011 0.0013 0.0003 0.0
SPSH 0.0008 0.0008 0.0006 0.0006 0.0 0.0016 0.0072 0.0035 0.8827 o'o 0.0 oo
TSS8 0.0 0.0024 0.0039 0.0018 0.0 0.0113 0.0003 0.0 0. : 0.0003 0.0075 o0
WTPC 0.0048 0.0086 0.0386 0.0054 0.0011 0.0080 0.0005 0.0005 g.gggs 0.0 0.0 570
YLPC 0.0051 0.0038 0.0006 0.0 0.0 0.0111 0.0 8.3013 0.0 0:0003 0:0 0.0
SMBS 0.0013 0.0005 0.0010 0.0 0.0 0.0~ 0.0 0.0 0.0 e o0 o 0
CHSL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0-0 0.0 0. 0003
BNTT 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . .

SPECIAL SYHMBOL *#wssas«  MEANS NO DATA ’

CONCENTRATION OF FISH IMPINGED AT THES NINE MILE POfkT PLANT

(LIITS - O PEZR THOUSAND CUBIC METERS)
SPZC. JAN FEB MAR APR MAY JUN JUL AUG SEP ocT Nov D=C
ALAF 0.0187 0.0101 0.0246 3.3477 " 13.4154 4.0612  3.5147 4.9977 1.6688 0.5886 0.7431 1.5%57
RBSH 0.2644 0.2155 0.3791 0.4638 0.3618 0.0310 0.0097 0.0024 0

.0156 0.0072 0.0106 0.0999
SPSH 0.0029 0.0032 0.0115 0.0111 0.0087 0.0066 0.0073 0.0021 0.0024 0.0008 0.0004

. 0.0C22
TSS3 0.0081 0.0268 0.1329 0.0410 0.0215 0.0312 0.0541 0.0 0.0001 0.0002 0.0 0.0014
HTPC 0.0090 0.0391 0.1359 0.0855 0.0028 0.0006 0.0003 0.0002 0.0690 0.0059 0.0011 0.0062

YLPC 0.0054 0.0076 0.0051 0.0042 0.0008 0.0007 0.0022 0.0028 0.0019 0.c008 0.0004 0.0027

SMBS 0.0011 0. 0016 0.0008 0.0007 0.0009 0.0013 0.0004 0.0001 0.0 0.9001 0.0002 0.0
CusL 0.0 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BNTT 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 =

SPECIAL SYMBOL *##atais MEAUS NO DATA

05 s, 364
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The Oswego and Nine Mile Point intake concentrations are calculated
as described above and are presented in Table VIII-2. These values
are reported as averages over a month for each of the nine species.
The table provides concentrations of fish and larvae in the Oswego
Units 1-4, Oswego Unit 5, FitzPatrick, and the Nine Mile Point
Station Unlt 1. The concentrations are reported in numbers of or-
ganisms per 1000 m~ of water.

D. ENTRAINMENT CROPPING OF LARVAE

l. General

The impact of power station operation is evaluated in this sectiom
with a flux cropping ratio. This ratio velates the number of or-
ganisms flowing through the plant to the number of organisms flowing
by the plant. It is, in this sense, a ratio of flows or fluxes as
distinguished from a ratio that would Jescribe the removal of organ-
isms from a finite population. The flow through the water body seg-
ment corresponds to the low flow conditons used to define the ‘seg-
ments.

The flux cropping ratio, K, is defined as

organisms flowing through the plant-
organisms flowing by the plant

o
Al
i

%%« 100.0 (in percent)

Q. C; | :

where Q and Q
in the water %ody segment, respectively.

If the organism concentraticns in the lake (C ) equals the concen-

trations in the plant or plants (C_) the flux ‘cropping ratio would

reduce to-the ratio of flows, Qn/Q , which leads directly to the re-
L

sult that, for all species,

1.5% (for Units 1-5)
0.7% (for Unit 5 aloae) -

K (WS I)

K (WS II) = 0.6% (for Units 1-5, Nine iiile 1, FitzPatrick)
= 0.1% (for Unit 5 alone)

VILI-4 .

are the plant cooling water flow and longshore lake flow

T —

L a e mess % . AEAATAY VY ARY YR AL YIL

2 ar . Adwamn







.
N4
~

-

Thus, if one assumes similar lake and plant intake concentratioms, the
maximum cropping occurs in water body segment I at a rate of 1.5% for
all power stations.

2. Monthly Larvae Cropping

The predicted cropping rates for each segment are reported for Oswego

Unit 5 and for Oswego Units 1-5 in water body segment I, and for all
stations in water body segment IL. Table VIII-3 presents these results

for larvae for each month using 1974 field data. The only larvae entrained
by Oswego Units 1-4 in 1974 were alewife, rainbow smelt, white perch,

and yellow perxch.

The alewife cropping peaked in August when larvae concentrations reached
a maximum in both lake and inplant collections. The peak rate predicted
for all five units occurred in August with an Oswego Unit 5 contribution
of 1.35%. The weighted average of all five Oswego units over the season
when larvae are present is 2.61% for water body segment I.

The segment II analysis includes entrainment by all Oswego Units plus
Nine Mile Point Unit 1 and the FitzPatrick plant. The rate of alewive
cropping reaches a maximum in July of 0.25%, since the Nine Mile Point
inplant sampling (Table VIII-1) shows maximum concentratioms in July.
The Oswego Unit 5 contribution is maximum in September at 0.09% although
the July contribution is only 0.01%. The weighted mean impact in water
body segment II throughout the alewife larvae season 1is 0.19%,

.The rainbow smelt concentration listed in Table VIII-1 show smooth sea-
sonal trends in concentrations from April through September with higher
concentration at Nine Mile Point than Oswego. The entrainment by Oswego
Units 1-5 is 0.94 and 3.26% in June and July, respectively, with contribu-
tions by Oswego Unit 5 of 0.43 and 1.48% in these months, respectively.
The average entrainmeni over the summer is 1.47% of the flux through

water body segment 1. The segment II cropping by all Oswego Units,

Nine Mile Point Unit 1 and FitzPatrick is 0.58% in June and 1.13% in

July. The Oswego Unit 5 contributions are 0.01%Z for June and 0.06%

for July. :

x

The white perch larvae concentrations from the lake are at a maximum
during June through August at both sites with higher concentrations

at Nine Mile Point. White perch larvae were collected in the plant

only in July at Oswego and in June at Nine Mile Point. The segment I
entrainment rate due to all Oswego units is 2.76% in July{ the Oswego
Unit 5 contribution is 1.26%. No cropping is predicted for other months,
since larvae were not collected in those months at the existing Oswego
station.
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LARVAE

CROPPING RATIOS FOR THE OSWEGO PLANT - UNIT 5 WITHIN THE WATER BODY SEGHUENT 1 *
(UNITS - PERCENTAGES ) .

SPEC. JAN FED MAR APR MAY JUH JuUL AUG SEP ocT Hov DEC
ALWE  111.1111 1il.1111 111.1111 0.0 0.0 0.3303 0.5058 1.3504 0.7427 0.0 111,1111 111.1111
RBSM  111.1111 111.1111 111.1111 0.0 c.0 0.4314 1.4817 0.0 0.0 0.0 111,1111 111.1111
spsH 111.1111 111.1111 111.1111 0.0 6.0 0.0 0.0 9.0 0.0 0.0 1}1.1111 111,111}
TSSB 111.1111 111.1111 111,111} 0.0 0.0 0.0 0.0 0.0 0.0 0.0 111,1111 111.1111
wTPC 111.1111 111.1111 111,1111 0.0 +0.0 0.0 1.2569 0.0 0.0 0.0 111,1111 111.1111
YLpC 111.1111 111.1111 111.1111 0.0 0.0 ., 0.0 «0.0y~.. 0.0 0.0 0.0 111.1111 113.1111
S¥8S 111.1111 111.1111 111.1111 0,0 9.0 0.0 0.0 " 0.0 0.6G 0.0 111.1111 111.1111
CHSL 111.1111 111.11311 111.1111 0.0 0.0 c.0 0.0 0.0 0.0 0.0 111,1111 111.1111
BNTT 111.1111 111.1111 11l.111) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3111.1111 111.1211

LARVAE

COMPOSITE CROPPING RATIOS FOR THE OSWEGO PLANT - UNITS 1 - 4,AND S, IN THE WATER BODY SEGMENT 1

(UNITS - PERCENTAGES ) .
SPEC.  JAN FEB MAR APR HAY Jul JuL AUG SEP ocT NOV DEC
AL"F SAMOOARE SAACARRA AAARAAAA 0.0 o.o 0'7267 1.]129 2.9711 1.6341 0.0 ARARRA AR RAARAN AN
RBSH RAhRAAANE RBARNARAN I EEEEREY I 0‘0 0.0 0'9492 3.2600 0.0 0.0 0.0 AhkhhkkAh HohhAAAhi
spsu AR bANA AoARAARA AhA AR AR 0.0 0.0 0. 0.0 0.0 0.0 0.0 R ARR AR AAAKEARAA
TSSB B RAARAN ARARARAAN AAARANR K 0.0 0.0 0.0 0.0 000 0.0 0.0 Ahhkhhhhkh Ahhdrhkha
WTPC AARPRARLE ARAAERNS ARAAARSA 0.0 0.0 0.0 2.7655 0.0 0.0 0.0 Ak RAAkAARE kR ARKhxN
YL“C PRESARARN RARAOARA kAR ANA G AAN 0.0 0'0 0.0 0.0 0.0 0.0 0.0 RAhhkhkkkhi I EEEEREE]
SNBS RARGARAS ARMRSAANASL AAARNREAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 kAR A ARk RAAAAAAA
7C"SL Q‘Qttiitt BataAdAd AANARAAR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ARARRARAAN AAARAARE "
uh"r‘r CARSAARE ARPAARASN [ E XX EREE] 0.0 0.0 0’0 0.0 0'0 0.0 0.0 .iaﬁikhﬁh A hkAAN AR
LARVAE )

COUFOSI1TC CROPPING RATIOS.FOR THE OSWEGO PLANT UNITS 1 - 4 AND 5, AND THZ NINE MILE POINT & FITZPATRICK PLANTS
WITHIN THE WATCR DODY SEGMENT 2

(UNITS - PERCEHTAGES )
]

SPEC. JAN FEC 1AR APR MAY Jun JUL AUG SEP ocr Hov DEC

ALWE XAARRAAA AARAARAR ANAARabh ANARAARR 0.6 0,0472 0.2465 0.1703 0.1977 0.0 KehhkAhhh KABRARER
ROSM AAAAARAR APAARANE ARARAIAA ARARARARK 0.3373 0.5819 1.1298 0.2606 0.0 0.0 ARAKAARRR RARAARKL
SPSIl AANRANAA RARARARRE KAARARAR ARAMARKR 0.0 0.0 0.0 c.0 0.0 0.0 KARRAR AR RARARAKY
TOSSD AAAARRAR KAARRAARE RAARARAN RRARARRAK 0.0 0.0 0.0 0.0 0.0 0.0 KhkARRAAE ANAhhhin
WIPC MNP ARARE AAKARARL PRRAAAhkE AhARhARt 0.0 0.0571 0.0878 0.0 0.0 0.0 AeRhhkhad RARhAKSk
YLPC #*Aadath AAARARGA AAMARARE AARAkAASA 0.0 0.0 1.6898 0.0 0.0 0.0 Ahhrhhhh AKAPRKkh
SUBS AMRAANAA ARSARAAN ARAAARAR RAARAAKS 0.0 0.0 0.0 0.0 0.0 0.0 RAKRARAR RAAARRAR
CHSl, ARGAAAMA AANANGASL ACRSMAS A ARRARRS A 0.0 0.0 0.0 0.0 0.0 0.0 KAGChADR A hRARASR
BHTT AR0ACARS AAAsdARs SRAANIAR FARANANRA 0.0 0.0 0.0 0.0 0.0 _ 0.0 MANRRARRE KRRARAAR

SPLCIAL FIGURES IN THE ABOVE TABLE HAVE THE FOLLOWING INTERPRETATIONS
111.1111 = NO PLANT CONCENTRATION DATA 222.2222 = NO LAKE CONCENTRATION DATA
333.3333 = LAKE CONCENTRATION ESTIMATE = 0.0 . ###aaxas = NO DATA FOR THE COMPOSITE CROPPING FACTORS
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The composite (all plants) entrainment cropping in water body segment

II is 0.06% in June and Q.09% in July. Although the larvae sample

sizes are Smaller than for smelt or alewife, the impact is predicted .
to be near the numbers cited above. ‘

Yellow perch estimates are similaxrly based on low larvae concentra-

tions. Larvae were present in the lake at Oswego only in May although

they appeared in the inplant collections in July. The Nine Mile Point

lake collections showed higher conentrations than at Oswego and the

larvae were present in May, June, and July, The Nine Mile Point in- |
plant collections included yellow perch only in August. Yellow perch

larvae cropping by the Oswego station for water body segment I could

not be calculated since the Oswego lake collections included no yellow

-perch larvae. The composite effect of 41l plants on water body segment

II is estimated to be 1.69%, of which 0.33% is attributed to the Oswego
Unit 5 intake.

In summary the larvae cropping predicted for Oswego Unit 5 and for
all power stations on cach water body segment approximate the flow
entrainment cited above, independent of the species. These results
are summarized in Table VIII-4., With the exceptions of yellow perch,
all species average entrainment cropping is consistent with the flow
based entrainment rate. This confirms that the plankton larvae of
alewife, smelt, white perch, and yellow perch are entrained by the
intake in similar concentxations to the concentrations present in
the lake., Planktonic Gammarus fasciatus would be cropped at similar
rates, -

E. FISH CROPPING BY IMPINGEMENT

The fish impingement councentrations shown in Table VIII-1 are based on
those gill net collections made within 24 hours of an impingement col-
lection, Similarly, the impingement fish concentrations are only based
on the data when gill net collections were available within 24 hours

of the impingement sample. Even after taking this precaution, the
collections are not precisely comparable due to the schooling tendency
of alewife and smelt and consequent large variances in the data sets .
occur, To smooth out high impingement and high gill net collections,
seasonal cropping factors are calculated for spring and summer. The
fall gill net collections included fewer fish perhaps resulting from
slower swim speeds due to cooler watexr temperatures in the fall., Table
VILI-5 summarizes the calculated impingement cropping for each species .
for Oswego Unit 5 and for Units 1-5 in water body segment I and for

all plants in water body segment I[I, These calculations do not assess
compensatory responses to cropping or the natural die—off rate which
would mitigate any possible long-term impact.
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TABLE VIII - 4

SUMMARY OF LARVAE ENTRAINMENT CROPPING

All Plants on Segment 1I
Species

Alewife
Rainbow smelt
White perch
Yellow perch
Frow basis

All Plants on Segment I

Sgecies

Alewife
Rainbow smelt
White perch
Yellow perch
Flow basis

Unit 5 on Segment I

Species

Alevife
Rainbow smelt
White perch
Yellow perch
Flow baslis

%4 Cropping Range.

0.05-0.25
0-1.13
0-0.09
0-1.59
0.6

%Z Cropping Range

0.73-2.97
0~3.26
0-2.76
0 .
1.5

% Cropping Range

0.33-1.35
0-1.48
0-1.25
0

0.7
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The alewife has been the subject of intensive studies yet their behavior
" remains largely unpredictable. The inplant impingement collections do
Eﬁ indicate, however, that the impingement rate in spring is frequently )
e characterized by a specific period of extremely high alewife concentration

during brief time intervals. The concentrations reported in Table VIII-l
and VIII-2 include high values in April, May, and June. The cropping due
to Oswego Unit 5 during this period is predicted to be 2.69% of the flux
through water body segment I. The composite impact of all five Oswego

- Units on water body segment I in spring is estimated to be 5.92%. The

i summer predicted cropping drops to 0.38% for Oswego Unit 5 and 0.84%

g for the five Oswego Units. The segment II impact for all stations is

3.41% in spring and 1.73% in summer.

Rainbow smelt exhibit similar schooling behavior and abrupt variations
in concentration near the site. The estimated spring cropping of smelt
by Oswego Unit 5 is 1.72%, with all five units cropping about 3.78%

of the flux in the spring. The summer cropping ratios are much smaller.
The predicted Oswego Unit 5 effect is 0.25% while all five units are
expected to crop 0.54% of the flux through the segment. The effect

of all stations in the area on water body segment II is only 1.43% in
spring and 1.71% in summer.

0 The spottail shiner is present in the area throughout the sampling

. period but in low concentrations relative to alewife and rainbow smelt.
The impingement cropping rates due to Oswego Unit 5 operations are

. minimal, 0.07% in spring and 0.34% in summer. The composite effects
of Oswego Unit 5 with the existing units impact on water body segment
I is 0.15% in spring and 0.75% in summer. The cropping in water body
segment II for all stations operating is 0.24% in spring and 0.167% in
summer.

The threespine stickleback concentration can be estimated at 0.6/1000
m~ from their territory size. The threespine was only impinged in July
at Oswego, hence this species is not included in Table VIII-5, The
cropping during summer of 0.04% by Oswego Unit 5 and 0.08% due to the
combined operation of all Oswego Units on water body segment I is esti--
* _  mated. ’
The white perch are present in the area throughout the sampling period.
The predicted impact of Oswego Unit 5 is 0.04% in spring and 0.097% in
summer. Composite Oswego station impacts on water body segment I are
0.09% in spring and 0.19% in summer. Higher impacts are predicted in
water body segment II, 0.41% in spring and 0.29% in summer.
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TABLE VIII-S

SEASONAL IMPINGEMENT CROPPING ‘715 .

SEGMENT T

SEGMENT II, ALL STATIONS

. ' SPRING SUMMER SPRING SUMMER
SPECIES UNIT 5 UNITS 1-5 UNIT 5 UNITS 1-5
. CROPPING CROPPING CROPPING CROPPING
Alewife 7.69 5,927 0.38 0.84 =Y 1,73
o By, ‘ OIS
Rainbow Smelt 1.72 (379 0.25 0.54 : 1.43 . 1.71
Spottail Shiner 0.07 0.15 0.34 0.75 0.24 0.16
White Perch 0.04 0.09 0.09 0.19 0.41 0.29
Yellow Perch 0.42 0.94 0.09 0.20 0.23 0.10
0 0 0 0.11 0.01

Smallmouth Bass

0
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Yellow perch are nearly as abundant in all months of collections with~
out strong seasonality in their concentrations. The spring cropping
estimate, however, is 0.42% for Oswego Unit 5 as compared to a summer
predicted cropping of only 0.09%. Composite impacts on water body seg-
ment I are 0.94% in spring and 0.20% in summer. Lower cropping is pre-
dicted for water body segment IIL, 0.23% in spring and 0.10% in summer.

In summary, alewife and rainbow smelt are predicted to be most highly
cropped of all species (5.92Z and 3.79%, respectively) by operation

of all Oswego Units in the spring. This conclusion is conservative

in that short duration alewife and smelt impingement runs in spring

were included in these analyses. If comparable samples were distributed
throughout the spring, the cropping estimate would be reduced. By com-
parison no other specie is cropped by more than 1% in any season. The
assumption of passive fish entrainment into the intake and longshore
migrations would produce an impact prediction of 1.477% cropping in water *
body segment I. The calculated impacts infer that some fish successfully
avoid the intake. An alternative explanation is that the high alewife
and smelt concentrations in spring are underestimated by the gill net
field procedures (12 hour sets) resulting in overestimation of impact

by the flux cropping ratios calculated above.

F. CONCLUSIONS

Cropping of the larval forms of all representative species subject to
entrainment has been calculated using lake and inplant data from both

the Oswego and Nine Mile Point sites. Of the representative species,
only alewife, rainbow smelt, white perch, and yellow perch larvae are
subject to entrainment. The flux of entrained organisms into the plant
is compared with the ambient longshore flux of larvae for a low flow '
condition, which is exceeded 907% of the time according to site current
measurements. The resulting cropping ratios range above and below the
ratio calculated on the basis of intake flow alone. Thus, it has been
shown that the Oswego Unit 5 operation will crop only from O to 1.48%

of the larvae drifting through water body segment I. Operation of all
five Oswego Units in water body segment I is predicted to crop 0 to 3.26%
% of the larvae, Similarly, operation of all Oswego Units plus Nine
Mile Point Unit 1 and the FitzPatrick station will crop an estimated

0 to 1.69% of the larvae drifting through watér body segment II.

Impacts due to fish impingement have been similarly calculated using

plant impingement rates at the existing station and gill net data con-
verted to concentrations in each water body segment. The estimated
cropping in spring is biased toward a high impact estimate due to possible
overfishing by the gill nets and by use of impingement data collected
during an alewife and rainbow smelt run in April at Oswego. The spring

VILI-8







ratio of impingement in water body segment I with all Oswego plants
operating is 5.92% for alewife and 3,797 for rainbow smelt. Estimates

of percentage cropping for all other species are much lower. Cumulative
impacts of all power stations at Oswego and Nine Mile Point on the larger -
water body segment were also calculated and provided a cropping rate

which ranges from 3.41% for alewife in spring to 1.71% for rainbow smelt
in summerx.

It is concluded that neither entrxainment nor impingement rates for
Oswego 5 or for all power stations in the area will significantly
affect the representative aquatic community.
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